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PRACTICAL ELECTRICAL ENGINEERING

Clearly written and fully illustrated
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Home Mechanic
BOOKS

MOTOR CAR UPKEEP AND ACCUMULATORS

UVER HAUL Dealing with every type of accumulator, methods
of charging them at home, care and maintenance,
— this book also explains how to crect a charging
This practical book is rifht up to date, and will station. A study of its contents will enable even
prove a valuable work of reference to the owner anovice not only to charge accumulators at home
who wishes to do his own running repairs. Itis at a trifling cost, but also to obtain from them
not a digest of manufacturers’ books ; it supple- greater service and longer life,
ments them. All the information required will

Tells you how to make toys of every description simple and useful electrical appliances, su-h as
and lays bare the principles by means of abundant  galvanometers, electric motors, dynamos, .-~4
illustrations and simple text. Every mechanica Leyden jars. All these may be made by anyone
luded with the aid of a few tools and some inexpcnsive
materials. Clear instructions are given in every

TWENTY-FIVE TESTED WIRELESS =
MODEL BOAT BUILDING

There are tew more fascinating hobbies than Boat
A book for the modern wireless enthusiast. All Building. In this book there are designs for a
the sets described have been designed to meet bsuleshi‘p, a speed boat, a paddle steamer and
modern needs. They range from simple crystal yachts, from which excellent models may be
receivers to a seven-valve super-heterodyne, and built with the help of the simple directions and
all the sets have been made and tested before diagrams that are given. No elaborate tools are
inclusion. needed, and each model can be madc at small cost.

movement known in toy facture is i

Other Titles
THE HANDYMAN’S ENQUIRE WITHIN
THE HOME WOODWORKER
25 SIMPLE WORKING MODELS
MODEL AEROPLANES AND AIRSHIPS

One Shilling Each

On sale at all Newsagents and Bookstalls, or by post 1/2 each from George Newnes,
Lid., 8-11, Southampton Street, Strand, London, W.C.2

Geo. Newnes, Lid.
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TABLE 1.
TypicaL Estimate ror LaBour Costs.
| | |
Item of Material. [ Quantity. | Size. Basic Rate. Total Cost.
_ _ | I I —
Main switch oo | 1 50-amp. | 4 . d
Main cables— |
Tube .. . 30 feet 1-inch
Boxes ao 2 Angle draw boxes
Saddles 5o |l r-inch spacing
Cable.. . o 22 vards 7/.052
I‘use board (main) . l 5-way 20-amp.
Fixing bolts .. .. 4
Sub-main cables- |
To ground tloor
Tube 15 feet 3-inch [
Boxes, cte.
Cable 12 yards 7/.029
To first foor.
To sccond ﬂom Simiflarly
To third floor [
2 3-way ro-amp.
2 4-way ro-amp. || |

Circuit wiring

|
Sub-fuse boards a0 |l
|
Tube .. '

As mejasured

Etc. |

first . may be seriously wrong for the
sccond.

Special Conditions.

In almost every contract there are
special conditions not under the control
of the clectrical engineer. The building
work may be delayed due to bad weather
or non-delivery of material or by the
work of some other contractor. Such
causes may upset entirely the programme
of work laid out when estimating and
may involve a very heavy additional cost.
The partitions, for example, on a large

contract may not be “set out” by the
builder at the right moment for the
electrician, and this may involve his

stopping work on cach section of the job
and returning later to complete. Even
if each such interruption only involves
ten minutes of wasted time, this means a
loss of 6d. or &d., and if this is repeated
many tines it may result in a very heavy
addition to the labour bill.

Guessed Estimates.

Just as the old methods of estimating
an average rate ‘‘per point’’ are, or
should be, a thing of the past in the
complete estimate, so the rough and

ready estimating of labour costs must be
abandoned in favour of more reliable
methods. The guesswork basis may suit
small jobs which will take two or three
men a fortnight or a month, but on larger
contracts such figures are of little value
except as a rough check on the figures
obtained by more systematic methods.

Detailed Estimates Required.

To obtain a reliable estimate, each item
of labour cost should be considered and
the labour required calculated from past
experience-——and this obviously involves
the recording of labour costs for past jobs.
These past results may exist in detailed
records kept for reference or may form
part of the mental equipment of the
estimator, but it is necessary to revise
them constantly and to adjust average
results to suit the special requirements of
cach specification.

Cost of Fixing Tube.

The cost of fixing tube may be taken
as an example of the way these average
or standard costs will vary in different
conditions,

The tube has to be fixed to something

and this may be timber, brick, stone,
A
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TABLE TI1,

TypicaL COMBINED ESTIMAT

E FOR MATERIAL AND LLABOUR,

|
‘ Material| Labour || Material Labour
Item of Material. Quantity. Size, cte. Rate. | Rate. | Cost. Cost.
R [ : - — IS | S — e —
Main switch . . ! 1 | 50-amp. £1so0do| £ s d
Main cables
Tube 30 feet 1-inch |
Boxes 2 Angle draw boxes || !
Saddles .. 4 1-inch spacing
Cable . .. | 22 yards 7,052
Fuse board (main) .. | s-wayv 20-amp. |
llixing bolts . . oo 4
Sub-main cables-
‘To ground floor— | |
Tube .. . 15 fect }-inch
Boxes, ctc. ..
Cable 12 yards 7,/.029
To first floor
To sccond floor Similarly
To third floor v
Sub-fuse boards 2 3-way 10-anp.
2 4-way ro-amp, |
Circuit wiring—- [ l
Tube | As measured i
Ete. it ‘ I
R . 1 i | ! ' -
concrete  or steelwork,  Timber fixing  for cutting and screwing or bending a

involves only putting in wood screws,
Fixing to brick or stone requires plugging,
and this is entirely extra to the cost of
timber fixing.  Work on concrete may
require the use of special dowels cemented
in, and if so the setting out must be more
accurate than with screwing to timber or
even to plugs in brick or stone.  Finally,
fixing to steel work may be very casy or
expensive—easy, if fixings can be obtained
by the use of some simple girder clip, or
very expensive if it is necessary to drill
and tap steel girders,

Difficulties Caused by Position of Tubing.

Further difficultics arise according to
the position in which the tubing is fixed.
It may be run straight across a floor or on
walls or on high ceilings only reached from
trestles which need frequent moving
which takes time,

Another factor is whether the runs are
simple, as in the case of long runs of mains
with no difficultics of junction boxes, or
complicated by the need for arranging
boxes for switches and fittings at com-
paratively frequent intervals,  For runs
for main cables it may be possible to install
many score feet of tube without the need

single length of tube, whercas on  the
circuit wiring almost every length of tube
fixed may need to be carefully measured
off and cut or set with great accuracy.

Surface or Concealed Work.

Whether the work is on the surface or
concealed also adds to the complications,
as surface tubing needs more careful work
than is necessary with concealed—not so
much in the workmanship as in the
accuracy of the sctting, in the spacing
of the saddles and so forth. Tubing that
is to be buried may be simply held in
position with pipe hooks until the plaster
or concrete screeding is put over 1t, but
surface tube must be carefully fixed with
saddles and run strictly parallel with the
walls and ceilings,

All these tactors affect the estimate and
allowance must be made for every sach
detail before a decision is made as to the
correct rate per unit quantity for fixing.

METHODS OF ESTIMATING.
Probably ¢very estimator has his own
ideas as to what is the best method of
making these allowances and experience
is the only guide as to what they shontd
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be in every case.  Subject to such allow-
ances there are also many methods of
working out the cost,

Basic Rate per 100 ft. Run of Tube and
Wire.

One method in common use s to adopt
a basic rate per Too ft. nm of tube and
wire.  The figure used would include the
labour cost of setting out the runs: of
fixing the tube, including all plugging,
ete.; of cutting and screwing the tube :
of connecting up all boxes ; and of drawing
in the wires.  The conditions that aftect
one part of the work, such as fixing tube,
also affect the other items to a similar
extent, so that the basic rate would vary
in the same degree for all the sections of
such an all-in rate.

Separate Estimating.

Another method is to price separately
at so many pence per foot the cost of
fixing tube ; to price separately the cost
of fixing all the various tube boxes and
fittings ; and again, separately, the cost
of drawing in the wires. ~ This is somewhat
more accurate, as the various sections are
cach estimated and allowance made auto-
matically for variation in costs due to
varying quantities of boxes or to the
number of wires in a tube,

Such details depend on the experience
and method of recording past results, and
if used with proper judgment should not
greatly affect the final result.  In fact,
it the allowances for different conditions
could be made with complete accuracy,
the results should all agree exactly.

Detailed Estimate.

Having prepared a schedule of rates
and having decided how the costs are to
be divided up among the various parts of
the work, the nest step is to proceed with
the pricing up and here the  detailed
quantities alrcady prepared for estimating
the cost of materials can again be used
for estimating the labour cost.

Each item of material can be allotted
its own labour charge and the total cost
obtained item by item. Such an estimate
for labour should be prepared in tabular
form on some such system as shown in
Table T (page 1737).
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Many variations of such a method of
scheduling out the details can be used
and experience will show which is best
suited to the requirements of the estimator
and to the method of pricing up that has
been  adopted.  For example, if the
“all-in” rate for fixing tube and wirce
has been adopted, the items above for
tube, boxes, saddles and cable would all
be charged in one inclusive rate.

Combined Estimates for Labour and

Material.

1t will be obvious that the details given
under “Item of Material,” * Quantity”’
and **Size” must all appear in both
the material and labour estimates, and
from this it naturally follows that a
combined estimate will save much paper
and much time, 1 double columns are
provided for the basic rate and the total
cost, the whole of the material and labour
costs are shown at the same time,

An estimate prepared on such  lines
would then appear as shown in Table T1.

Examples of Labour Costs.

It is extremely difficult to give actual
figures for labour costs, and in view of the
very  wide range of conditions under
which work has to be done, any writer
must be very diffident in putting figures
on paper.  The figures given here must
be used with considerable care on this
account, but they represent average
results for work carried out under normal
conditions for work of the best class,  1f
conditions suit a rough finish, they could
be reduced and also if the conditions suit
rapid work.  On the other hand, if con-
ditions are difficult they may need to be
increased.

Varying Labour Rates.

To avoid the complications due to
varying labour rates of pay the figures
have been given in hours taken by a pair
of men—-wireman and mate—to carry out
cach job,

The actual costs in money can easily be
ascertained by taking the wages paid to
the men which will vary in different
districts and according to whether boys or
apprentices are emploved ; whether trade
union rates are paid and so on,



1740

Time required for various jobs :—

IFixing Main Switch and Fuses,
15 amp. 1} to 2 pair hours cach.
60 amp. - -2 to 3 pair hours cach.

Fixing and Connecting Fuse Boards.
Small (3 to 6 ways) -1 to 1 pair hours per way
Large (S to 15 ways) —} to ¢ pair hours per way.
(Heavier boards - 30 to 50 amps. about

50 per cent. extra.)
Fiving Tube (including setting out runs and
plugging in brick).

#in.- 15 pair hours per 100 ft. run
1 in. 20 pair hours per 100 ft. run.
1} in. - 25 pair hours per 100 ft. run.
1} in. - 335 pair hours per roo ft. run.
2 in. 43 pair hours per 100 ft. run.

Fixing Tube Boxes.
23 pair hours per dozen.
Drawing in Cables (including measuring off and

cutting).
3 .02y 2 pr. hrs. per 100 yds. of conductor.
3,/.030- — 3 pr. hrs. per 100 yds. of conductor.
7/.029- 4 pr. hrs. per 100 vds, of conductor.
7/.044 5 pr. hrs. per 100 vds. of conductor.
7/.064 - & pr. hrs. per 100 vds. of conductor.
19,.052 - to pr. hrs. per 100 vds. of conductor.
19/.072 —12 pr. hrs. per 100 vds. of conductor.

IFixving and Connecting Swilches.
Ordinary - 4 pr. hrs. per dozen.
Two-wav-— 5 pr. hrs. per dozen.
Fixing and Connecting Combined Switch Plugs.
6 pr. hrs. per dozen,
Fixing and Counnecting Power Plugs.
4 to 0 pr. hrs. per dozen.
Twin Lead Conductors (including plugging and
measuring oft cables),

3,029 -20 pr. hrs. per 100 vds.
3/.030-—24 pr. hrs. per 100 yds.
7/.029--30 pr. hrs, per 100 yds.
7,.036—35 pr. hrs. per 100 yds.
7,/.044 42 pr. hrs. per 100 yds.
7,/.004 50 pr. hrs. per 100 yds.

Fiving Armoured Cables (including plugging and
measuring off cables).
1 to } pair hours or more per yvard, according
to size and conditions.
Jotnting Cables.
3 to 5 pair hours, according to kind of joint.
Fixing Fittings.
Plain pendants and brackets
4 pair hours per dozen.
Special Fittings-
6 to § pair hours per dozen, or more,
according to kind.

Adjustments of Above Rates.

The above basic rates represent fairly
average costs, but they will be subject
to very considerable variation and must
be used with care. They may be very
greatly reduced on large contracts or in
circumstances  where  there is  much
repetition work or under other favourable
conditions. On the other hand, it may
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be necessary to allow for higher rates on
difficult work. The necessary adjustments
can only be ascertained by expericence
with ecach group of workmen; with
conditions prevailing in various districts
and with the other items that affect the
output.

Overhead Charges.

The figures of estimated cost so far
considered cover only the actual outlay
for material used and wages paid to the
men fixing it, but there are many other
items that must be added before the total
cost is ascertained. Some of these vary
directly with the wages or labour cost
and others bear a direct relation to
materials, whilst a third group of items
are in some respects independent of either
total,

Fares and Travelling.
Allowance must be made for the cost
of sending men to and from each job and

_this depends on the distance of the job

from the firm’s headquarters. The usual
practice is to pay the cost of travelling
to and from the job cach day, without
allowance for travelling time, except at
the start and end of the contract.  This
item thus amounts to a fixed sum per
man per day for cach job, the sum varying
with the location of the job. This must
be added to the total wages and will
amount to 12 fares per man per week—
quite a substantial addition to the labour
estimate on many contracts.

Country Money.

This is an alternative charge to the
daily farc which is paid when jobs are
more than an agreed distance from
headquarters—in London, 12 miles from
Charing Cross. In such cases the country
allowance is paid as an addition to wages
cach week and the fares to and from the
job only at the beginning and end of the
contract, whilst time occupied in travelling
is paid to the men as if at work. Various
conditions apply according to the distance
of the job, the men heing entitled to a
return fare at intervals, according to the
distance from home.

This charge must be estimated by
calculating the number of men-wecks the
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work will occupy and allowing the country
money accordingly with the further sum
for the fares and travelling time at the
beginning and end of the job.

The figure is often complicated by the
possibility of employing local men for
part of the work and this possibility
depends on the locality of the job; its
distance from industrial areas where local
men might be available ; the state of
business in the district and so forth.
Every case must be considered on its
merits and the necessary addition made to
the wages cost. The cost will be about
25 per cent. of the wages paid to the men
sent from headquarters to the country
job.

Sundry Materials, Use of Plant, etec.

The estimate for materials will or shonld
include everything that can be foreseen,
bat there will be many smatl items required
that cannot definitely be allotted to
particalar sections. These will include
rubber and sticky tape, solder, varwous
odd screws and so forth, A small sum
should be added for these.

Allowance must also be made for use of
tools and plant and for the sapply of
renewable tools,  Stocks or other screwing
tackle, bending machines, ladders,
trestles and steps and <o forth must all be
used, and although not destroyed on cach
job, they must be renewed from time to
time and the equivalent of their hire must
be charged to the job.

Other items, such as dies, draw wires
and so on are used up on the job and must
be paid for outright.

Finally, certain plant may be hired as,
tor example, special tower ladders for
lofty rooms.

Lost Time.

Some allowance should also be made for
“lost time.”  This is essential if labour
costs for cach section of the work have
been calcnlated very closely,  Some time
must be wasted on every job on such work
as arranging the runs to meet the require-
ments of other trades ; discussing details
of the work with the architect or client ;
making out reports, wages sheets and
orders for material ; checking deliveries
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of goods ; returning empty cases or cable
drums, and so on. The actual allowance
must again depend on the conditions on
cach job, but it may easily amount to
2 or 3 per cent. of the labour cost.

Supervision.

This may be another heavy item. It
can include the foreman’s time looking
after a big contract or the proportion of a
wireman'’s time not spent in actual work
on a small job with only two or three men
employed. There will also be the cost
of office supervision—ie,, the time spent
by the supervisor or travelling foreman
who visits the job at regular intervals to
ensure that the work is being done
properly ; that time is not being wasted ;
that materials are being ordered and
delivered when they are wanted and so on,

This again is a very variable item, but
it is certainly not likely to be less than
5 per cent. of the wages bill and may be
10 per cent. or more,

This item must include the travelling
expenses for the supervisor and this is
best allowed for on distant contracts by
estimating the number of visits likely to
be necessary during the execution of the
work—another varying item depending on
the complications that need his attention ;
the possible requirements of the consulting
engineer, architect or client, and so forth.
Probably one visit every two to three
weeks should be allowed on average work.

Office Expenses.

All the items dealt with above are
concerned with the actual costs incurred
in direct connection with the particular
job, but there are, in addition, the over-
head expenses for office organisation, cte.,
for which provision must be made. These
will include such items as office rent
salaries to staff; costs for stationery,
telephones and the scores of other items
that must be met before any profit is
carned,

Fixed Expenses.

Certain of these items will represent a
fixed expense to be paid out on any job,
however small,  For example, a call for a
man to be sent to renew a fuse, which
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can be done in five minutes at a cost of a
few pence, may involve office expenses
amounting to several or many times the
cost of the actual work.

Probably on small jobbing work averag-
ing up to 20s. per invoice, they amount to
25 per cent., at least, of the wages and
possibly to much more, depending on
whether a firm is specially organised, or
not, to deal with such small jobs and
whether they are all local or scattered
over a wide area.

The total of all these costs is, of course,
nch lower on larger contracts, but is
never likely to be much below 10 per cent.
of the total cost for wages and material.

A Trap for the Unwary.

All the above charges nmst be met
before the contractor can make any profit
on a contract and it is the failure to allow
for these charges that accounts for the
bankruptcy of so many small firms—and
large ones as well in many cases. The
small contractor just starting up carries
out with his own labour a series of contracts
and at first thinks he has no need to meet
all these expenses. He makes out his own
wages sheets and other records and his
accounts in the evening, and he may have
no office rent, conducting his work from
home. The few jobs thus carried out
show him an apparently comfortable
surplus above his wages as a journeyman
and he decides to tender for larger work
or to take on several contracts simultane-
ously.

It is not long before he finds that the
costs on these are very different to those
on the jobs he did himself. The men he
pays will nat do quite as much work in
the day as he will himself ; they are not
quite so carcful to avoid wastage of
material ; much time is lost in going to
and from the different jobs to see how
they are getting on ; the clerical work is
more than he can manage in the evening
and he has to employ a clerk—which
means paying office rent.  The costs of the
bigger business are found to be entirely
different  from those of the one-man
concern and profits arc rapidly converted
into losses,

Risks that have to be Allowed for.
Assuming, however, that all the over-
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head charges have been covered, the final
item tfor profit has to be added, and prob-
ably in this will be included an allowance
for contingencies—in other words, the
risks of not carrying out the work exactly
as estimate,

This figure must be left to the contractor
to decide, but it may be anything from
15 per cent, upwards on average work.

Summary of Estimate.

Having decided all these various allow-
ances, the final sum to be quoted can be
fixed, the unltimate estimate being some-
what as follows :
£ s .
Total cost for material
Total cost for wages—

(No. of pair hours at rate paid to

men) a0

Travelling t.xpensua on ]obs near
home (12 fares per man per week). .
(or country money on distant jobs
(about 25 per cent. of wages of men
sent from headquarters to a country
job), plus fares to men and
travelling time)

Sundry materials, usc of plant and
tools (probably I to 2 per cent. of
cost of material)

Lost time (probably 2 or 3 per cent
of wages) o

Supervision (not less than 5 per cent.
of wages) 8 8 5

Total.

The total of all these 1tems glves
the actual total outlay directly
incurred in the execution of the
contract.

Office expenses and overhead charges
(1o to 50 per cent. of total cost
according to size and conditions of
contract.)

Total gross cost of Contract
Add Profit

Total sum to be quot‘Ld for Carl)mg
out the work .

It is only by dealing with all these
detatled figures item by item that a
reliable result can be obtained and
inaccurate estimating must sooner or
later lead to failure. Prices obtained may
be high or low, but unless the contractor
knows what each job should cost and can
compare accurately the actual costs with
the estimates and can adjust future
estimates to suit past results, his business
is not likely to prosper.
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LAW RELATING TO ELECTRICAL
ENGINEERS AND CONTRACTORS

By ALDERMAN R. Tweepy-SMITH, LL.D., F.R.S.A.(Lond.), Hon. Fellow and Solicitor
to the Electrical Contractors’ Association (Incorp.), Member (Past Chairman) of the
Electric Lighting Committee of the Southend-on-Sea Corporation

HIS article
I contains a
summary of
the main points
regarding the law
and its applica-
tion tothose mnthe
electricalindustry
1.—Both elec-
wrical  engineers
and contractors
should, in their
own Interests,
know a certain
amount of law.
2. — Consulting
Engineers.
We will con-
sider first the

risks and
liabilities of
consulting cn-

gineers. .\ man
who 1 a con-
suiting  electrical
engineer is one
who has, or pro-
skilled
knowledge of any
particular branch
ot eclectrical
enginecering.
Consulting  elec-
trical engineers
have duties and

fesses,

liabilities of a particular
employers. In the first place, they are
expected to have a thorough knowledge
of e¢lectrical engincering, including the
capacity of cables, wires and insulating
resistance, and also of all appliances,

Fig.

nature to their

ALDERMAN R, TwiEEDY-SMITH.

It necessarily

plantand fittings,
dynamos, motors
or anything else
which they ad-
vise their clients
to have in any
particularmatter.
Further, theyv
must have a
knowledge or
make themsclves
acquainted with
all general orlocal
Acts, by-laws or
regulations
affccting  works
or installations
they are em-
ployed to carry
out. They must
have knowledge
of the ordinary
rights of adjoin-
img owners and
Jocal and other
authorities  sufti-
cient to put them
upon inquiry or
to advise the em-
plover of risks
which he might
run, and if neces-
sy to recom-
mend that legal
advice should be

obtained in cases where he is in doubt.

that consulting

engineers should be fully acquainted
(¢) in factory work, with the Home Office
regulations issued under the Factory and
Workshops Acts, 1901, 1907 and to date.
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(h) In mines, with the general regulations
relating to mines.
(¢! In c¢inemas, with the Home Office
Cinematograph Regnlations,

() In general work, with the Regula-
tions of the Electricity Commissioners
and the Electricity Supply Acts,
1882, 1888, 1919, 1922, 19206 and
1928,

In preparing estimates he should
know something relating to National
Standardised Wages Agreement and
the working rules and agreement with
electrical trades unions in the difter-
ent districts, (Copics of the above
regulations can be obtained from the
Home Office, Whitehall, London, or
HLM. Stationery  Office,  Adastral
House, Kingsway, W.C.2,) In cases
of doubt the Electricity Com-
missioners, Savoy  Court, Strand,
W.C.2, are willing to give every
assistance.  We will, however, pro-
ceed to give a summary of the
principal points of the Statutes and
of the above Regulations which all
engineers  and  contractors  should
know.

-
B
~—

3.—Statutory Provisions and Regulations
of the Electric Lighting Acts, 1882,
1899 and 1919.

A contracting engineer and an elecerical
contractor are, in law, practically in the
same category.  They are persons, com-
panies or firms who carry out clectrical
work or supply electrical appliances of
any kind. If not acting under a consulting
engineer then they are under the same
obligations and liabilitics that a consulting
engmneer is under, if they hold themselves
out as competent to give advice. Con-
tracting engineers acting under the instruc-
tions, plans or specifications of a con-
<ulting engineer, are protected in law,
shonld it turn out that the consulting
engineer is wrong,

4. Errors in Design.

An electrical engineer or contractor is
not liable for errors in design made by a
consulting engineer or architect (Adcock’s
Trustees ©. Bridge).

5. Fitness of Appliances.
Contracting engineers, or manufacturers
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supplying electrical appliances or goods
are under legal obligation that the same
shall be reasonably fit for the purpose
intended.  Work done must not only be
reasonably fit, but must comply with the
regulations hercin referred to. (See paras.
2 and 8.)

6.—Undertakers’ Regulations.

It must be remembered that Undertakers
supplying clectricity  often issue  local
regulations which have no legal validity
and which they seek to enforce.  An
agreement is tendered to a consumer
which binds him to conform to the local
regulations.  An engincer or contractor
should inquire from a consumer whether
he has bound himself to such local regula-
tions. If the regulations are not reason-
able, it may be desirable for the engincer
to advise his client to terminate the
contract as a consumer can only be asked
to enter into a contract which

{a) specifies the premises ;

(b) gives the maximum power required ;

(c) gives the day upon which it is

desired the supply should commence.

(d) If required by the Undertakers, the

Consumer must enter into a written
contract for at least two years that
the payments for clectricity shall be
at least 20 per cent. on the amount
spent by Undertakers on the clectric
lines used in making a connection.
The cost of transformers cannot be
reckoned in the amount so spent.

(¢) If required by the Undertakers the

Consumer must give security for the
connection being made and in respect
of cnergy to be supplied (E.I.A.,
1899, Scc. 27 of Schedule).  See also
Husey v. lLondon Electric Supply
Corporation (19o2), 1 Ch. 411

An engineer to a local authority has no
power to enter into a binding contract
for the supply of electricity unless he was
cither in fact authorised or held out by the
council as authorised to make such a
contract on their behalf (Bourne &
Hollingsworth v. Marylebone Corporation
(1908), 24 T.L.R. 613).

Supply companies and local authorities
have no power to specify the use of any
special switches, wires or fittings, or the
situation of same.  On the other hand,
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they are not compelled to give a supply
of cnergy to any premises unless they are
reasonably satisfied that the electric lines,
fittings and apparatus therein are in good
order and condition and not calculated to
affect injuriously the use of energy by
the Undertakers or by other persons.
Section 27 (5).

The supply authority can also dis-
continue to supply cnergy so long as any
lamp or other fitting is likely to be
dangerous.

If there is any difference of opinion
between the electrical engineer or con-
tractor or his client and the supply
authority, provision is made for such
difference as to alleged defects in any
electrical lines, fittings or apparatus to be
dctermined by arbitration. (Section 27 (6).)

7.—Rights of Consumers and Electricity
Undertakers.

It is important that engineers and
contractors should have a knowledge of
the rights of consumers and clectricity
undertakers,  Without this he cannot
give adequate advice to his client,

The following gives an epitome of such
rights.

(A) Supply of Electricity.

Electricity Undertakers are compelled
to give and to continue to give a supply
of clectricity to owners and occupiers of
premises situate within fifty yards from
any distributing main uscd as a general
supply (Electric Lighting Act, 1882,
sec, 19, and E.L.A., 1889, scc. 27).

Undertakers are liable to supply energy,
and in default are liable to a penalty
unless the court should be of opinion
“that such default was caused by
inevitable accident or force majeure”
Reasonable apprehension of a strike does
not in itselt amount to force maieure even if
a strike is threatened because a non-
unionist had wired a consumer’s premises.
The undertakers are beund to supply
unless a strike is actually proceeding
(Hackney Borough Council v. Dore, 1922,
1 K.B. 431). It has Dbeen held that a
draper owning shops and a covered
market and stalls let to various traders is
entitled to install electric plant for the
supply of electrical energy for himself and
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his tenants (Caerphilly UD.C. ©. Griffin,
1928, Ch, 171).

(B) Conditions of Supply.

The regulations of Undertakers are of
no validity. The cnly valid regulations
are those issued to the Undertakers
signed by or on behalf of the Board of
Trade (E.L.A., 1882, scc. 6, and E.LL.A.,
1899, sec. 10). The Electricity Commis-
sioners at present exercise this function.

(i) A copy of such rcgulations can be
obtained from the Undertakers at a
price not exceeding 6d.  Penaltv £5
and a daily penalty of £5 for not
supplying such regulations (E.L.A.,
1899, scc. 70 of Schedule).

(if) Main fuses or circuit breakers must
be placed by Undertakers “ as elose
as possible to the point of entry.”
Undertakers cannot dictate the
position.  (Regulation 26.)

(iii) Consumers can be refused a con-
nection if a  leakage results  of
1-10,000th part of the maximum
supply current to the premises.
{Regulation 6.)

(iv) Undertakers not making a ccnnec-
tion must serve upon consuners a
notice stating “ their reasons for so
declining.” (Electricity ~ Com-
missioners”  Regulation 2¢.) Con-
sumers, if dissatisfied, can apply to a
Board of Trade Inspector either to
test his lines or those of the Under-
takers.  (Electricity Commissioners’
Regulation  31; EL A, 18qg,
secs. 35 to 48.)  Penalties on Under-
takers for non-compliance £10 plus
£10 per dav and damages. (Elec-
tricity Commissioners’ Regulation 35
and E,L.A,, 1899, sees. 35 and 36.)

(v) Undertakers are lable to connect
prospective consumers to the main
notwithstanding threats of a strike
on the part of the undertakers’
employees. (Hackney Borough
Council v. Dore, 1022, 1 KB, 431)

(¢} Cost of Mains in Compulsory Area.

(i) When  Undertakers obtain  Parlia-
mentary sanction they are always
placed under obligation within a
pericd of two years to lay down
distributing mains in certain streets
specificd  in their  spiccial  order.
Maxinon  penalty  ine default  £5
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cach day and order may be revoked.
(E.I.A., 1899, sces. 21 and 23.)

(i) In other streets not specified in the
Special Order any six owners or
occupiers in a street are entitled
10 demand from the Undertakers
free of charge a form of requisition
for signature requiring the Under-
takers to supply clectricity in such
street (E.L.A., 1899, scc. 24).

(ii1) Undertakers can by notice require
persons signing such requisition to
take a supply of electricity for two
years in L.ondon or three years at the
least clsewhere,  Consumers must
agree to take a reasonable amount
of electricity and must, within
fourteen days of receiving such
notice, tender a signed agreement
agreeing to take the supply for the
above periods. (9 Edw. 7, ¢. 34,
sec. 15; 8 Edw. 7, c. 167, sec. 16,;
62 and 63 Vic., c. 19, clause 25 of
Schedule.)

The Board of Trade or Arbitrators
will scttle what is a ** reasonable ”
amcunt of electricity ; but, in any

case, the sum must not exceed
20 per cent. on the actual costs of
laying the main (E.LL.A., 1890,

secs. 24 and 25).

(v Cost of Connection.

(i) The cost of any clectrie line laid
upon private property must be paid
by the consumers.

(i) The cost of clectric lines not on
private property up to sixty feet
must be paid by the Undertakers.

(it)) The cost over sixty feet must be
paid by the Consumer (E.LL.A,, 1899,
sec. 27). Penalty for non-connection
not excceding £z per day (E.L.A,
1899, sec. 30).

(£) Prices and Method of Charge for
Electricity.

THE MAXIMUM PRICES ARE STIPULATED
LY THE SPECIAL Provisional ORLER
GRANTED TO EACH UNDERTAKER.

Section 42 of the Electricity (Supply)
Act of 1926 endeavours to clear up several
ambiguities as to charges. Any method of
charge desired by Undertakers must first
be duly authorised by the Minister of
Transport, or of the Electricity Com-
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niissioners to whom he has delcgated most
of his powers (1919 Act, secs. 2 and 39).
Under Section 42 (1) the Minister of
Transport or the Electricity Commissic ners
may authorise ““ notwithstanding anything
in any Act or Order to the contrary”
(1) a periodical fixed, or (2) service charge ;
(3} in addition, a charge for the actual
quantity of cnergy supplied to the con-
suiners, or (4) for the quantity contained
in the supply.

These powers, when obtained, enable
Undertakers to charge on somewhat
similar lines to water companies. For
instance, charges may be made (1) on the
assessable or rateable value of premises
for a given period, or on a fixed kilowatt
charge; (2) a service charge on the
number of lamips or on the area of the
rooms and passages, etc., to be lighted :
(3) in addition to the standing charges (13,
(2) and (3), a charge may be made for
the quantity of electricity supplied ; or
(1) a charge may be made for the electrical
quantity contaimed in the supply. This
is the ordinary flat-rate system of supply.

(¥) Cutting Off Supply.

Undertakers have power to cut off if
any charges for electricity or any other
sum are not duly paid (EI.A., 1882,
sec. 21).

Outgoing Tenant.

An incoming tenant who has under-
taken to exonerate the outgoing tenant
cannot require a supply until he has paid
the arrears of the outgoing tenant, but
he cannot be sued for such arrears
(Cannon Brewery Co. v, Gas Light and
Coke Co. (1904), A.C. 331).

(¢) No Undue Preference must be made in
charges to one consumer over another
under similar circumstances (E.L. A., 1882,
sec. 19). The amount of energy consumed
and whether day or night loads are factors
in  considering similar  circumstances
(Metropolitan  Electric  Supply Co. v
Ginder (1901), 2 Ch. 799).

A reduction by a local authority in the
price for electricity in respect of houses
electrically lighted throughout constitutes
an ‘“unduc preference 7 (Att.-Gen. v
Ilford U.D.C. (1915), 84 I..J., Ch. 860).

Undertakers cannot make a lower
charge for power supply to users of power
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who agree to take the whole of their
lighting supply from Undertakers, and a
higher charge to consumers who take
supply for power and partial lighting
(Att.-Gen. v. Long Laton U.D.C. (1915),
1 Ch. 124, C.A).

On the other hand Undcrtakers can
charge at power scale where not exceeding
20 per cent. of total quantity is consumed
for lighting a factory or workshop in
which motors, etc., are installed, provided
the whole supply is taken from same
service and meter (Att.-Gen. v. Hackney
Borough Council (1918), 1 Ch. 372,

An agreement by a statutory body for
the supply of clectricity that their scale
of charges to the public shall not exceed
those of another statutory body in a
neighbouring district is not such a limiting
of, or fetter upon, their statutory powers
and duties, and is not so incompatible
with their exercise and discharge as to be
wltra vires and void either under the
Electric Lighting Acts, 1882 and 1909, or
at common law (Birkdale District Electric
supply Co. w. Southport Corporation,
a5 L.J. Ch. 387; (1926) A.C. 355;
134 L.T. 673; 90 J.P. 77; 24 1.G.R. 157 ;
42 TL.R. 303—H.L. (E))).

(1) Consumer’s Terminals.

Where under an Electric Lighting Order
and Electric Lighting Acts a company is
authorised to supply electricity within a
certain area, it is not illegal or ultra vires
the authorised powers of such company to
enter into a contract to supply a tirm
with electrical energy where the premises
of the firm are situated partly in the
company’s authorised arca and the re-
mainder outside such area, and where, for
the purpose of such supply, the company
have erected the necessary electrical
apparatus on the portion of the premises
of the firm within the authorised arca
and the consumer’s terminals were also
on such part of the premises.  “ Supply
does not in such a case mean supply for
use or consumption, but supply in the
sense of delivery at  the  consumer’s
terminals (Att.-Gen. v. County of London
Electric Supply Co., 95 L.]J. Ch. 357;
(1920) Ch. 542; 135 L.T. 6bo1; 70 S.J.
486 ; 42 T.I..R. 328, Tomlin J.)
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(1) Undertakers’ Mains.

By Regulation No. 6, Undertakers must
maintain their insulation so that the
leakage current shall not, under any
conditions, exceed one-thousandth part
of the maximum supply current. Con-
tractors should remember that the con-
sumer has the right to have the Under-
takers’ mains tested as sometimes engineers
are unrcasonable in their requirements as
to consumers’ installations, in order to
safeguard leakages from the mains,
Undertakers are bound under this Regula-
tion to keep weekly records of the tests of
cach circuit,

(1) Meters.

Types of meters have to be duly certitied
for general use by electric inspectors.
Consumers are entitled to have their
meters tested, and if they are more than
21 per cent. inaccurate, the costs of the
test will fall on the Undertakers, No claim
for a refund can be legally substantiated
until an electric inspector has  been
appointed by the Ministry of Transport.
In case of a dispute as to whether any
meter is in proper order, the same is to be
determined by an electric inspector, and
no cause of action arises agamst a con-
sumer for clectricity claimed to have been
supplied, until an clectric inspector has
been appointed.  (See Hiéndon  Electrie
Supply Co. @. Banks, 87 L. J., K.B. 790, and
Clauses 35, 49 and 57 of the schedule to
the Electric Lighting (Clauses) Act, 1899.)

(K) Municipal Powers to Supply Fittings
and Installations.

By the Electricity (Supply) Act, 1920,

Section 48, it is provided that :

(1) Subject to the provisions of this
section a joinl clectricily authority
and any local authorily authorised by
special Act or by Order to supply
electrictty  may  sell  electric  lines,
Jittings, apparatus and appliances for
hghting, healing and motive power,
and for all other purposes for which
electricity can or may be used (in this
scection called “‘ electric fittings '),
and may mslall, connmect, repair,

maintain and remove the same, and
with respect thereto may demand
and take such remuneration or renfs
and charges, and may make such
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terms and conditions as may be
agreed upon.

(2) The exercise of the powers of this

section shall be subject to the

following restrictions :—

(@) The joint clectricity authority or
tocal authority shall not mani-
Jacture electric  fittings  unless
expressly authorised to do so by
special Act or Order ;

(by The joint electricity authority or
local authority shall not  scll
electric fitlings except—

(i) to a consumer or a person who

intends to be a consumer of
electricity supplicd bv them ;
or
to a conlractor who requires
such fittings to enable him to
supply them to a person who
is, or intends to be, a con-
sumer of electricity supplied
by the joint electricity
authority or local authority ;
(¢) The prices charged by a joint
electricity authority or a local
authority for the sale of any
clectric fittings shall not be less
than the recognised retail prices,
unless the sale 1s to a contractor,
in which case the prices shall not
be less than the recognised trade
prices, and if any question shall
arise as to what are the recog-
nised retail or trade prices of any
clectric  fittings, that question
shall be determined by the com-
nmittee appointed as hereinafter
provided.
Every such joint electricity
authority or local authority shall
so adjust the charges to be made
by them under this section as fo
meet any expenditure incurred by
them in the exercise of the powers
of this section (including interest
upon and sinking fund charges
in respect of money borrowed for
the puiposes of this section),

{¢) The total sumns received and
expended by any  such  joint
electricity authority or local
authority under this section in
each year, including interest upon
and sinking fund charges in

(i

respect of money borrowed for
the purposes of this section, shall
be shown scparatery in the pub-
lished accounts of the electricily
undertaking of such joint elec-
tricity  authority  or  local
authority.

(3) The Electricity Commissioners shall

(4

=

appoint a committee comprising
represenlalives of assoctaiions repre-
senting local authoritics who are
authoriscd undertakers, contractors
and persons engaged in the business
of making and persons cngaged in the
business of selling electric fittings,
such committee to be appointed
after consultation with those associa-
tions, and that committee shall
determine any question which may
be raised under this section as to the
recognised retatl or trade prices of
any electric fittings and shall advi<e
and assist the persons concerned as
to the method of giving effect to the
provisions of this scction,

The purposes of this section shall be
deemed to be purposes for which the
joint electricity authority or the
local authority may borrow money,

(5) In this section the expression * con-

tractor” means a person engaged
in the business of selling and instal-
ling electric fittings.

(1) Unfair Competition.
Electrical contractors who, in the future,
experience unfair comypetition must note

that the last-mentioned

section  gives

three safeguards against the same,
(1) A committec on which electrical

—
[

==

contractors will be represented will
be appointed to determine any
question as to recognised retail or
trade prices of any clectric fittings ;
No local authority can sell or install
fittings at a loss.  Section 48 (2) (d)
provides that the charges shall le
adjusted so as to mect anv cxpendi-
{nre, such as wages, rents, rates,
administration, interest on borrowe d
money, etce. ;

Section 48 (2) (c) makes it obligatory
for a locul authority, each vear, to
publish separate accounts of the
electricity undertaking showing the
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total suns received and expended in
its fittings department. Ratepayers
have the right to be supplied with a
copy of such accounts at a price
usually not exceeding one shilling.
If the local authority does not
comply with the above require-
ments action can be taken against
the undertaking.

(M) Hire or Hire Purchase ot “ meters,
clectric lines, fittings, apparatus and
appliances provided by Undertakers on or
upon the premises of consumers.”  Apart
from the power given to Undertakers under
Section 48 above set forth, to sell and
install, etc., Local Authorities, who are
Undertakers, have power by Section 42 to
“ provide ' the above-mentioned  things,
and to include in the periodical tixed or
serviee charge (¢) a rent ; (b charge ; or
(¢) remuneration, in respect of same,
whether let on hire or hire-purchase terms
to the consumers or otherwise, It is clear
that a local authority must, under Sec, 42
(22 of the 1926 Act, obtain a " Special
Order ” or *“ Approval 7 for the above
“ method of charge,” and such Special
Order or Approval may give an option to
ordinary consumers to be charged by an
authorised alternative method.  There is nio
statutory power for Undertakers to dis-
connect  where  instalments  including
fittings arc in arrears, (Sec para. (¢) of
this article.)

(N) Change-over from D.C. to A.C.

The Acts or Orders obtained since 1920
authorising the  supply of  electricity
imposes on the body undertaking  the
supply the obligation to supply according
to a system approved by the Electricity
Commissioners, and by virtue of regula-
tions made by them under the LElectric
Lighting Acts, the system and pressure
cannot be altered except with the consent
of the Commissioners, which is given upon
such terms and conditions as they think
fit.

Where the supplving body desires to
alter the supply from direct current to
alternating current it is the practice of
the Commissioners in giving their consent
to make it acondition that the body shall,
at their own expense, carry out any
necessary  alterations  to  consumers’
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apparatus existing at the date when notice
of the change-over is given, or to pay to
the consumer compensation to be agreed
or in default of agreement determined by
arbitration.

In order that a consumer may be
entitled to have his apparatus altered o
to be compensated it is no doubt necessary
that the apparatus should be such as he
is entitled to use under his contract with
the supplying body and  within  the
maximum demand for which that contract
provides.

1t is further necessary that the apparatus
should be existing when the notice of
intended change-over is given, and where
a consumer resides in an area which is
likely to be changed over he should, for
his own proteetion, give information to
the supplying body  before notice  of
change-over is received, of apparatus
which he has inunse or of any new apparatus
which he proposes to install,in order that
his apparatus may be inspected and
recorded.

With regard to companies and municipal
undertakers in the County of London the
I..C.C. are the consenting authority. With
regard to companies in the provinees who
obtained their powers before 1920, under
the Companies Provisional Orders, it is the
local authority who have the power to
give the consent to change over,

8.-—Regulations.

Reference has been made in para. (2) of
this article to certain statutory regulations
which engineers and contractors should be
acquainted with in carrving out installa-
tions, An engineer would be very unwise
to rely upon his own judgment, however
experienced, as he may find that those
who framed the regulations, which are
binding, provided for definite methods and
conditions in carrying out installations.
It i impossible within the limits of this
article to embody the same, as altogether
they run to some hundreds of pages.

(A) Electricity Regulations.

The electricity regulations, copies of
which it is advisable for engineers to
obtain (see para. 2 hereof), are: Official
number ELC.12B  (in ordering  copies
this number should be quoted) deals with
conditions of supply (¢) not exceeding
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250 volts ; (b) not excecding 650 volts ;
{¢) not exceeding 3,000 volts; (d) exceeding
3,000 volts. The method and provisions
as to insulation, precautions against shock
or fire, testings of insulations, overhead
lines, service lines, ‘prevention of danger
are fully set forth in these regulations,
The most important of these regulations
is No. 3, which provides that the “ leakage
current shall not exceed one-thousandth
part of the maximum current” ; and
No. 20, which prescribes the minimum
permissible size of line conductors. The
regulation only applics to a limited number
of cases where there are overhead and
underground lines to small installations
operated without statutory powers.

Iel.C.53, revised (22nd May, 1931), gives
details of heights of conductors to be used
for different voltages from 2350 volts to
165,000 volts,

El.C.13 contains provisions in regard
to the safety of the public where clectricity
is supplied in bulk or where pressure is
over 3,000 volts,

138 contains the most important
regulations for engineers. It gives the
provisions for the safety of the public
where low pressure is supplied, and scts
forth the responsibility of undertakers
with lines on consumers’  premises,
Regulations arc given also for ensuring a
sutlicient supply of electricity and penalties
in default.

El38a gives additions to the last-
mentioned regulations.

(1) Facrory Act Regulations.

Risks and obligations arise under the
IFactory and Workshops Acts, 1901, and
the Building Regulations of 1920.

Dangerous Machinery.

The Factory and Workshop Act, 1901,
Section 1o (I) (¢) imposes an absolute
obligation on the owner of a factory so to
fence all dangerous parts of the machinery
as to be equally safe whichever way it is
worked.

Machinery which was constructed to be
worked downward. was, at the dircection
of a foreman of the defendants, being
worked upwards. The plaintiff on being
injured sued the defendants for damages
for negligence. It was held that Scction
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10 (1) (¢) imposed an unqualified obliga-
tion on the defendants to provide proper
fencing so as to make the machinery safe
to the workmen in whichever direction it
was used and that as they had failed to do
so they were liable in damages. Pursell
v. Clement Talbot, Ltd. (1914), 111 L.T.
827 C.A.

The mere provision of proper guards and
placing on the workmen the responsibility
of using them is insufficient and the mere
omission of a statutory duty is neglect to
observe as required by the Act.

An accident which is due to a breach
of statutory regulations does not arise
“outof’ the employment and the question
of serious and wilful misconduct does not
arisc until there is misconduct arising
within the sphere of employment, Further,
no logical distinction can be drawn between
statutory regulations and prohibitions
imposed by an employer to regulate the
employment.

Thomas v. Bolton & Sons., Ltd (1928).

Bourton @ Beauchamp (1920).” A.C.
1001,

By the Building Regulations, 1926, it is
provided that :—

“ It shall be the duty of cvery con-
tractor and cmplover of workmen to
observe such of the requirements in
Part T of these regulations as affect any
workmen employed by him.”

Reguiation 30 is as follows :—

“ Every opening left in a floor of a
building for any purpose shall, until it
becomes necessary to remove the fencing
in order to complete the permanent
enclosure, be provided with a suitable
guard rail and toe board, or with other
cfficient means to prevent the fall of
persons or articles into the opening
except where and  when  access s
required for workmen or for the move-
ment of material.”

By Section 105 of the Factory Act, 1901,
it is provided that the word “ factory”
shall include *“ any premises un which
machinery worked by steam, water or
other mechanical power is temporarily
used for the purpose of the construction of a
building or any structural work in con-
nection with a building.”

The direction as to duties is that cvery
contractor and employer (whether main
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contractor or sub-contractor) of workmen
shall observe such of the requirements as
affect any workman employed by him.
It is obvious that the state of the law is
very unsatisfactory and intricate, especially
in view of the cases that have already
come before the Courts.

In Barnett z. Caxton Floors, Limited,
and Butler v. Kleine Patent Fire-resisting
IFlooring Syndicate, Limited (45 T.L.R.
141), the High Court dealt with the above
mentioned Act and regulations. In the
first case, the defendants were summoned
as ‘‘occupiers of a factory” and the
point raised on their behalf was that the
machinery on the premises was not being
actuallyv used at the time of the accident ;
and accordingly, that the premises were
not a “ factory ” and that the defendants
were  therefore not  “ occupiers  of a
factory ”’ within the meaning of the <ection.
The Court held that the words * tem-
porarily used ”’ in the section are not
confined to the actual moment when the
machinery is in use, but extend to the
whole period during which the machinery
is available for use in the structural work,

In the second case the defendants were
sumnioned as ‘“ employers of workmen,”
and it was admitted on their behalf that
the premises were a factory within the
meaning of the regulations and  the
<ection, but it was contended that other
contractors on the premises and not the
defendants were responsible for fencing
the opening.  In his judgment, the Lord
Chicf Justice said: * Here it was Nor
suggested that the defendants were the
persons who had brought the machinery
on the premises so as to affect those
premises with the character of a factory.
But they were working upon those
premises as sub-contractors and therefore
they came within that part of the regula-
tions which says that It shall be the duty
of ecvery contractor and cmployer of
workmen to observe such of the require-
ments in Part 1 of these regulations as
affect any workman engaged by him.” ”

Alderman  Galliers, of Brighton, an
engineer,  was  carrying  out  certain
clectrical work on premises in course of
crection.  Irom the 18th January, 1430,
untit the 11th March, 1930, a crusher and
mixer were used on the premises.  On the
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17th March, 1930, one of Mr., Galliers’
workmien fell down an opening intended
for alift-way. Mr. Galliers was summoncd
as being * the employer of workmen ™ in a
factory and for failing to provide a guard
rail and toe board. The prosecution might
have summoned Mr. Galliers as “ occupier”
of the factory, but as there were difficulties
in making such an allegation they chose
the first alternative. Both the magistrates
and the High Court decided in favour of
Mr. Galliers on the grounds that, as the
machinery had been moved a few days
prior to the accident, the premises could
not, under the circumstances, be a
‘““factory ” within the meaning of the
section and regulations,

The case docs not decide whether the
responsibility of guarding a hole made by
some other sub- or main-contractor de-
volves upon all or one of the contractors
engaged upon the job.  Meanwhile, it is
advisable that engincers and contractors
should writc a letter when accepting a
contract stating that it is understood that
the employer or the main contractor witl
provide that other contractors safcguard
any risks caused by them. Ingincers
should also obtain a copy of Statutory
Rules and Orders, 1908, No. 1312 (price
3d.), and study the regulations therein
contained in relation to the ‘“ Generation,
Transformation, Distribution and Use ot
Electricity.”

Statutory Rules and Orders, 10038,

No. 1312 give the regulations made by
the Secretary of State for the ** Generation,
Transformation, Distribution and Use of
Electrical Encergy under the Factory and
Workshop Acts of 1901 and 1907.”

Form 928 contains a “ Memorandum by
the Senior Electrical Inspector of Factories
on the Electricity Regulations.”” (88 pages

price, od.) Al the above should be
studied  before  carrving out  work in

relation thereto.
(¢) Cinema Regulations.

The Statutory Rules and Regulations,
No. o83, dated 30 July, 1923, and No. 403,
dated 8th April, 1924, and also No. 301 of
6th June, 1930, should be studied for elec-
trical work in cinemas. In any work
relating to the manufacture of films and
film stripping the Regulations of 1928
SR, and O, 82 and 84 should be studied.
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(v) Coal and Mines Act, 1911.

By Section 32 (1) of this Act it is pro-
vided that ' Subject to the statutory pro-
visions and any regulations thereunder as
to the use of electricity in mines clectrie
lamps if cnclosed in airtight fittings and
having the lamp globes hermetically
sealed may be used on main haulage roads
or elsewhere within such limits as may be
fixed by the regulations of the mine.”

Section 60 provides that

Electricity may not be used in any part
of a mine where on account of the risk
of explosion of gas or coal dust its nse
would be dangerous to life and if the
owner of a mine on being required by an
inspector of the division not to use or to
desist from using electricity in the mine
on that ground refuses to do so the ques-
tion shall be scttled by reference to a
referec.

Pending the settlement of the question
the owner must comply with the require-
ments of the inspector subject to an appeal
to the chief inspector.

The use of electricity in any mine is
subject to general regulations.

In all places lighted by clectricity where
a failure of the electric light would be
likely to cause danger one or more safety
lamps or other proper lights shall be kept
continuoasly burning.

Where electricity is used for signalling
the pressure in any one cirenit shall not
exceed 235 volts.,

Every person appointed to work, super-
vise, examine or adjust any apparatus shall
be competent in the work he is set to do.
No person except an clectrician or a
competent person acting under his super-
vision shall undertake any work where
technical  knowledge or experience  is
required in order adequately to avoid
danger.

The ' General Regulations as to the
[nstallation and Use of Electricity, with
Explanatory  Notes,” is  published in
Mines and Quarries, Form No. 11 (83
pages, price 6d.), and Form No. 15B
(price 2d.) should be studied in relation
to all such work. Copies should also be
obtained of the Safety Lamps Orders,
S.R. and O. 2204/1920 and 318 1922;
Coal Cutting Machinery, M.D. Circular
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No. 31; Danger from Live Electrical
Conductors, M.D. Circular No. 23.

The Mines Department, Dean Stanley
Street,  Millbank, Woestminster, S.W.1,
should be consulted on current rules and
regulations under the Metalliferous Mines
Acts and the Coal Mines Acts, which are
now administered by this Department.

9.—Engineers’ Liability at Common Law.

Apart from the duty of observing
statutory regulations, engincers and con-
tractors are under certain labilitics at
common law.

(A} Estimates.

They are lable to their clients if the
plans or specifications are faulty, or if the
estimates are inaccurate.  If they do not
hold themselves out as being competent
to get out quantitics or estimates, then
it is their duty to advise their client on the
necessity  or otherwise of employing a
specialist in that particular branch. They
must consult and advise their client as to
obtaining tenders, whether by invitation
or advertisement. They must disclose to
their client any interest they may have in
any firm with whom contracts are likely
to be made, and to account for any dis-
counts or commissions. Even if they
advised their client to insure the subject
of the contract, they must not receive
any commission for the insurance withont
the consent of their client.

(B) Competency.

To whatever class the engincer may
belong, the engincer must be competent
to do what he professes, or take the legal
consequences of being sued for negligence
and of not recovering fees if they fail in
their duty. I he has represented or
advised that a motor or dynamo or a
switch, etc., will do a certain thing and the
capacity of the same proves to be inade-
quate, then he will be liable for any direct
damage which may ensue to his client.
In this respect the engineer’s liability
is similar to that of a doctor or surgeon
who may be liable for negligently per-
forming an operation, or a solicitor who
renders himself liable in damages to a
client to whom he has given bad advice,
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so the services rendered to their employers
by engineers, being undertaken by them
tor reward they are bound to possess an
ordinary and reasonable amount of <kill
in the art or profession which they profess
by undertaking to do the work and to act
with reasonable care and diligence in
rendering those services and are lHable for
failure to do so.

(¢} Negligence.

The question whether a person has
exercised reasonable and proper care, skill
and judgment is one of fact which appears
to rest on this further inquiry, viz.,
whether other persons exercising the same
profession or calling and being men of
experience and skill therein would or
would not have come to the same con-
clusion. It is not ecnough, however, to
make a man liable in an action for negli-
gence that some men of far greater experi-
ence or ability might have used a greater
degree of skill, nor that c¢ven he might
possibly have used some greater degree of
care. The question is whether there had
been a want of competent care and skill
to such an extent as to lead to the bad
result.  Also it must be noticed that to
show that better methods might have
been used is not of necessity to show that
the methods employed were so unpro-
fessional or unskilful as to amount to
negligence.

Supposing an engineer or a contractor
is carrying out some work in a shop
window and his man, in bending, negli-
gently knocks over something ; then the
contractor would be liable for the damage
done unless he first warned his employer
that he would not take the risk but would
do his best. In one case a succession of
articles of furniture were knocked over by
the first article touched by the workman,
The contractor was liable for the first
accident, but not for the other damage.
A contractor might reasonably be expected
to anticipate the first accident, but not a
succession of accidents resulting from the
cemployer’s own acts,

Take the case of premises being negli-
gently set on fire by a contractor’s work-
man, and we will take it for granted that
the employer has insured his premises

against fire.  Notwithstanding this, the
insurance company can refuse to pay until
the contractor has been sued for damages.
If the contractor is unable to pay, or goes
bankrupt, then the insurance company
would be liable to indemnify the employer
against loss,

The same principle applics where injuries
are received by other persons resulting
from the negligence of a contractor's
workman, The only safe way is to insure
against such risks,

() Delegation of Duties.

As a rule, the duties of architects and
engineers are so personal in their nature
that they cannot be delegated or tran:-
ferred entirely to another, but they may
make use of the skill and labour of
assistants provided only that they retain
control of the work and do not cease to
exercise their own supervision and judg-
ment.  The general rule is that where a
man employs an agent, relying upon his
peculiar aptitude for the work entrusted
to him, it is not competent to that person
to delegate that trust to another, but
where the act to be done is of such a
nature that it is perfectly indiffercnt
whether it is done by A or B and the
person originally entrusted remains liable
to the principal by whomsoever the thing
may  be done, the maxim * Delegata
potestas non potest delegari” does not
apply.

In the case of the Leicester Board of
Guardians v, Trollope it was the architect’s
duty under the contract to supervise the
work. The clerk of the works permitted
the builder to deviate from the design,
and the architect, relying upon the clerk
of the works, failed to detect the deviation
and to have it rectified. As a result of
such deviation, dry rot set in. It was
held by the Court that the architect was
liable in damages.

(&) Interference by Employer.

H the employer insists on superseding
the engineer’s judgment and asserting his
own in matters which relate to the work
which the engincer is employed to carry
out or gives orders which are ignorant and
unskiltul, he  cannot  complain  if t]lu-
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engineer follows his orders, subject always
to this, that the engineer should, before
complying with the orders, be careful to
point out the consequences which may
result from their adoption and disclaim
all responsibility therefor.

An engineer or contractor has also a
right to compensation if an employer in
other ways interferes with his work or
delays the progress of the same, unless the
matter is one that might reasonably be
anticipated by the contractor.

If an architect or consulting engincer
has power by the contract to decide
questions of price and extras, etc., and the
employer influences or interferes with him
in any direction, then the contractor is
freed from the decision of such architect
or consulting engineer,  (Page v. Landaff.)

(¥) Loss of Fees.

If a professional man does not exercise
his calling with ordinary skill and care,
he breaks his contract express or implied.
In such an event he is lable to dismissal
and also forfeits wholly or in part his
right to be paid under the contract, for
a person of skill cannot recover for his
services which are useless, or which, in
the ordinary exercise of his skill, he ought
to have known would be uscless towards
the object for which he was employed.
He also renders himself liable for any
damages resulting to his employer from
his incompetence or carelessness.

() Liability for Negligence.

It is important to notice that in order
that liability should arise, the damage
must have been caused by the negligence.
If advice i1s negligently given, it must be
acted upon before any liability of this
nature can arise. Where negligence and
the omission to use due care and skill
have been made out, the amount of
damages that can be awarded 1s to be
measured by the consequent loss to the
employer, and it is immaterial that such
damages may exceed the amount of the
commission or fees agreed to be paid to
the person emploved for the performance
of his duties.  Sanders v. Broadstairs Local
Board (1890). The employer can either
bring an action for damages for negligence
or set up the negligence as an answer to
an action for fees, and counterclaim in the

action for the damages for negligence.

{H) Recovery of Fees from Local Authorities.

Engincers are sometimes employed by
corporations, and when this is the case
precautions are necessary to render them
certain of their fees. It is a general rule
of law that corporations can only contract
under their common seal. It is well that
engineers should have this clearly before
them, as in many cases they have failed in
recovering their fees after spending a good
deal of time and money in the service of a
corporation. Thus, for instance, in the
case of a municipal corporation, an instruc-
tion from a mayor, town clerk or from a
committee, or in fact a resolution of the
corporation duly passed will not enable
the professional man acting under it to
recover payment for his services, in case
the corporation chose to resist his claim
and plead that the agreement was not
under seal, for however the rule may have
been relaxed in other matters it is still
very strictly applied  as regards  the
appointment of officers.

(1) Effect of Death of Engineer.

It is important to know what effcct
death has upon the engincer and the
emplover as far as the contract is con-

cerned.  In considering this effect it s
necessary to divide contracts into two
classes : (1) personal contracts, and (21

other contracts.  Dealing with personal
contracts first, these are not rescindod
ab initio by the death or permanent dis-
ablement of the engineer, but are merely
dissolved and become null and void as
to the future. Any rights of payment
which have accrued due under them are
enforceable and the remedy is not limited
to suing on a quantum meruit.  This was
stated by Martin, B, in the casc of Stubbs
©. Holywell Railway Co., in which he <aid.
“ The contract had, it is true, an implicd
condition that he should live for fifteen
months, but his death does not throw back
his representative upon  the right of
recovery on a quantum meruit only. He
can recover the stipulated price due to the
deccased when he died of the work the
deceased had actually executed.”

The common-law implication excusing
non-performance by the act of God adds
the implied condition that if death or
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permanent illness intervenes after partial
performance (except in cases where 1t is
clear from the special terms of the contract
that payment is only to become due on
completion of the services or on acceptance
or certified approval or something of that
kind) recovery may be had for the value
of all work which the deceased has
performed.

In the case of all contracts not personal,
i.e., where death or illness-does not afiect
the personal element, the burden and the
benefit of the contract pass upon the
death of either party to his representatives.
The case of Davison . Reeves (1892),
8 T.L.R. 3971, illustrates this. A engaged
B as a civil engineer in, connection with
certain harbour works. A covenanted
for himself and his executors to employ
B at a fixed salary for six years. A
raised B's salary and subsequently died.
A's executors again raised B’s salary but
dismissed him before the expiration of the
term. It was held that the agreement
bound the executors of A.

(1) Remuneration.

We must now add a few words as to
the remuneration of a person who acts as
consulting engincer, or where any engineer
or contractor gives advice.

Where the terms of the contract of
employment are not specific as to the
payment of the engineer, evidence is
admissible to rebut the presumed under-
taking to pay and to exclude the ordinary
business obligation to pay for services
rendered. But such evidence must be
strong and clear and must not be incon-
sistent with the terms of the contract.
If the employer and engineer agree that
the employer shall decide whether the
engineer shall receive any remuneration,
the engagement in such a case remains
a mere engagement of honour until the
employer chooses to fix a remuneration
and the amount fixed cannot be questioned
or increased by the engincer or the Court,

If the agreement is that the employer
shall decide the amount of the remuncra-
tion the Court may infer an obligation on
the part of the employer to pay something,
and in such a case the cengineer is entitled
to a reasonable remuneration and is not
bound to accept in satisfaction the amount
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fixed by the employer or to wait until the
employer chooses to fix the amount. It
would be for the jury to ascertain how
much the employer acting bona fide would
or should have awarded.

Where an engincer is suing upon the
merits  of his work (quantum  wmeruit),
evidence can be adduced of the nature
and extent of his skill to show what the
value of his service is.

Where reasonable remuneration has to
be given it is clear that the services of a
famons or specially skilled man should be
valued more highly than those of a newly
qualified person and that the emplover
must be presumed to have had in view the
special qualifications of an eminent man
when he employed him. It is not relevant
in such cases to prove that the emplover
could have got another man at a cheaper
rate, as he, in fact, sclected this particular
man,

(K) Inaccurate Quantities.

The Courts will not consider the employ-
ment of a quantity surveyor to come
within the implied authority of the engincer
except where a special custom of the
profession to that effect can be proved
to exist.  The practice with regard to bills
of quantitics 15 now pretty well settled.
The engincer may prepare the quantities
and supply them himself to the parties
tendering. If an engineer prepares the
quantitics by agreement with the employer,
he s the agent of the latter in preparing
them, and in certain circumstances the
latter may be held liable for any inaccu-
racies that they may contain.  To make
the employer liable to the contractor for
inaccuracics two things must be shown.
It must, in the first place, be shown that
the bills of quantities were so culpably
inaccurate as to amount to a fraudulent
misrepresentation on  the part of the
engineer preparing them, and in the second
place, it must be shown that the emplover
himself was aware of that, or that the
false representation was made by the
engineer, as his agent, and in his interest
and that he received the benefit of it.

Further, it is aconsulting engincer’s duty
to inform a contractor when his client dies
or becomes insane, or is bankrupt, as it
has been expressly decided that where
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an agent impliedly warrants his emiployer's
authority, it is immaterial whether he
justly believed that his authority still
existed or not. (Yonge «. Tonvbee (1910),
1 K.B. 215)

(1) Quantities.

It has been held that there is no implied
warranty to a contractor of the correctness
of estimates and calculations made by the
architect under his employment by the
building owner.  The architect does no
more than state them to be his bona-fide
calculations, and it is for the contractor
to check them or not at his own risk.
(Serivener v, Pask (1865), 18 C.B. (N.5),
785, and also see Le Livre v, Gould (1893),
1 Q.B. 491

(M) The Different Liabilities of Consulting
and Contracting Engineers.

Where a consulting engineer is employed,
a contracting engineer, as  previously
briefly indicated, is tree from most of the
risks and liabilitics which fall on a con-
sulting  engineer. He must, however,
carry ont the work entrusted to him with
reasonable skill.  If a consulting engineer
i not emploved then a contracting
engincer who holds himself out as compe-
tent to do the work and advise, makes
himsetf liable for all the risks that a
consulting engineer is under. An engineer,
or indeed any other professional person,
must not misrepresent his  professional
status, for example, by putting after his
name letters indicating membership  of
institutions to which he does not belong,
and if he does 50, any person so misled
will have a rvemedy in an action for
damages.  Thus a contracting engineer
must not aet as o consulting  engineer
unless he has the qualifications.  If he
has not the qualifications and he does
act, he will be liable for any damage
which may result to his employer through
his g0 acting. If the contracting engineer
acts as a consulting engineer he is expected
to possess an ordinary and reasonable
degree of care and skill in the profession
of a consulting engineer and is understood
to have that degree of care and skill by
undertaking to do the work, and to act
with reasonable care and diligence in
rendering those services and is liable to the
cmployer for failure to do so. A contract-
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ing engineer must see that the quality of
his work and of the plant, material or

appliances are reasonably sofficient for the
purposes intended.  Of course, a manu-
facturer is under the same liability also.
I damage results from tempest, rain,
floods or fire, a contractor is liable to
make good unless he covers himself by
words in the contract, He must complete
the work in reasonable time, and if the
contract specifies a date he must comply
with the same or he will be liable in
damages or a penalty where the contract
so provides.

Contracting engincers should cover
themselves for accidents to their workmen
or against strikes, civil commoticn or
thefts.

(N) The Position of Contracting Engineers
under Contracts.

Decision of IEngincer or Architect.—In
most contracts for works there is now
inserted a condition making the decision
of the engineer or architect upon  the
materials proposed to be used in carrying
out the works final, or binding the con-
tractor to use materials of a certain kind
or of a superior quality. Ewven in the
absence of such a condition, however, the
contractor is bound to nse only materials
of a reasonably good quality.

I he uses materials of more than
reasonably good quality—there being no
condition in the contract as to the quality
of the materials to be used-—or if he uses
materials of a much better quality than
that required by the conditions of the
contract, he cannot in the absence of a
new contract with the employer binding
the employer to pav for them, recover the
extra expense he has thus incurred.  The
<ame rules apply to the workmanship
employed, which, in the absence of any
express condition upon the point, must
be reasonably skilful and good.

(0) Extras.

The term ““extra works” or more
shortly, “ extras,” when used in connection
with contracts for works or buildings, may
be taken as meaning those items of work-
manship or materials which the contracter
may be required, under the terms of his
agreement, to excecute or supply in addition
tothe workmanship and materials required.
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to complete the work or building in
accordance with the drawings and specifi-
cations, It is often a matter of great
ditticnlty to determine whether an item
of workmanship or materials claimed as
an extra by a contractor is fairly so or not.
In fact, many of the disputes which arise
between employers and contractors turn
on this point, The contractor alleges that
he has executed certain work not shown
upon the drawings and not clearly
described in the specification and not
covered by the contract sum.  The
employver refuses to regard the item so
claimed as an extra.  He asserts that the
work was necessary to complete in a
proper manner the works ot the contract,
and then recourse is had to acourt of law
or to arbitration,

In a court of law, the original contract
must be produced and proved in order to
show that the alleged extras are not
included in it, and in order that the
contract may be put in evidence it must
be stamped, or if not stamped the penalty
for failure to stamp paid upon it. And
not only must it be shown that the work
done is not within the contract, but
evidence must be given that it was the
subject of a new contract containing a
promise expressed or implied on the part
of the employer to pay for it.

A mere acquicscence on the part of the
employer in a suggested alteration is not
enough in itself to raise an implied promise
to pay anything additional unless it can
be shown that the employver was aware
that the alteration would add to the
expense,  Where, however, the contract
provides that the engineer is to determine
the price to be paid for extra works, it
would appear that he is entitled to say
what are extras and what are not. It is
frequently provided in contracts for works
or buildings that the emplover will not
be liable to payv for works alleged to be
extra unless such additional work shall
have been ordered in writing by the
cmployer or architect.  Where this is
clearly expressed the written order is a
condition precedent to pavment.  And it
would appear that where the engineer is
the party appointed by the contract to
issue written orders for extra work, the
order of the employer for such works
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verbally given will not entitle the con-
tractor to recover,

If an employver consents to alterations
and the engineer or contractor does not
inform him that the alterations will
increase the expense, then the contractor
cannot recover for the increased expense,
(Lovelock o, King.

(PV Waiver of Conditions as to Extras.

Where extra works have bean carried
out by the contractor and he is unable to
show that they have been ordered in
writing in the manner provided in the
contract, the Court will endeavour to
ascertain whether there has been a waiver
of the condition as to the written order.
(It wonld be manifestly unfair that the
contractor should be induced to execute
extra works on the faith of the verbal
promise of the employer that such extra
works would be paid for, and that the
employer should get the benefit of those
works free of cost.)  What would amount
to a waiver of the condition as to the
written order cannot be very closely
defined, as there is no express authority
on the point.  Again, if it can be shown
that the extra works claimed for are
entirely outside the contract, the want of
the written order will not bar the con-
tractor’s claim to be paid for such work,
as will be seen from the remarks of the
Court in the case of Franklin ». Darke
6 L. T. (N.S), 291.

(@) Time for Completion.

A contract for works may expressly
state the time within which the works are
to be completed or it may be silent on
that point. In the latter case the law
will imply a condition that the works
will be completed in a reasonable  time,
Sometimes in contracts where no express
time s fixed for completion, the con-
tractor undertakes to carry out the works
“forthwith,” *“ immediately ™ or © di-
rectly.”  In all such cases the Court
will hold that all that is meant by such
indefinite words is that the works shall
be carried out as quickly as in the cir-
cumstances is reasonably possible.

When the date of completion is expressly
stated in the contract, of course that date
must be observed. A failure to complete
the works before or by it will be a breach
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of contract and formerly the rule at law
was that such a failure entitled the em-
ployer to repudiate the contract and to
refuse payment.  This rule, however, was
relaxed in equity. Courts of Equity held
that in the absence of express stipulation
that the date was to be strictly kept, or
if cirecumstances from which such a
condition could be inferred time was not
ol the “essence of the contract” and a
failure to observe it, though a ground for
compensation to the employer, was not a
sufficient breach to entitle him to repudiate
the contract. The cquitable rule now
having been made the rule in all Courts,
we shall consider shortly when  equity
will regard a time condition as of the
e<sence of the contract.  The first and
most  important instance s when  the
contract expressly stipulates that time
i< to be of the essence of the contract.
“If the parties choose even arbitrarily
(provided both of them intend to do so)
to stipulate for a particular thing to be
done at a particalar time, such a stipula-
tion is effectual in equity as well as in law ™
{Alderson, B., in Hipwell 2. Knight).

Again, time may be implied to be the
essence of the contract when the nature
ot the work or the circumstances attending
it show that the time of completion is a
matter of importance.

(xv Time for Completion where Additional
Work—DPenalties.

Delays in Conlracts.—Contracting
engineers are often oppressed by terms in
a contract to complete the work by a
specific date.  Very often an employer,
or his architect, or consulting engineer,
has ordered additional work to be done,
not contemplated by the original contract.
Such additional work must, of course,
be done in a reasonable time; but if it is
<o mixed up with the work in the original
contract, being part and parcel thereof,
that it becomes impossible to complete the
work in the original contract until the
additional work has been completed, then
in such circumstances all the work must
be done in a reasonable time, and there is
good defence against any  penalties.
(Thornhill ». Neats (1800),83 C.B., N.S. 831.)
llven in a contract which provides for
additions, deductions, alterations  and
deviations to and from the contract work

and also providing for the architect or
engineer to have power to extend the
time for completion of the contract and
that unless he did so the time should be
deemed not extended by reason of such
extra works, it was held that the fact of
extra works being dirccted having ren-
dered the contract impossible within the
appointed time freed the contractor from
the penalties provided by the contract.
(Westwood #. Secretary of State for India.)
() Delays caused by Architects or Con-
sulting Engineers.

If a contractor is delayed by failure
of an architect or consalting engineer to
deliver plans  or drawings or other
necessary instructions, he is free from
penaltics under the contract.  (Roberts
. Bury, etc)

(1) Price of Extras.

If an architect or consulting engincer
has given an assurance to the emplover
that the cost of the work should not
exceed a certain specificd amonnt  although
he refused to guarantee that amocunt,
then it has been decided that the decision
of the architect as to the amonnt to be
paid to the contractor for the work was
not binding as there was a bias in his
mind. (Kemp 2. Rose))

(V) Payments on Account.

Where A agrees to do work and supply
materials upon the premises of B for a
specitic sum and nothing is said as to
paviients on account, then A is not
entitled to rccover anyvthing until the
whole work is completed.  (Appleby ¢
Myers.) 1f A covenants to do certain
work for B and to finish it in or before a
certain dav in consideration of a sum of
noney which BB agrees to pay A by instal-
ments as the work proceeds and  the
instalments are not paid, then the con-
tractor can sue for the whole sum, although
the building was not tinished at the time
appointed.  (Terry v. Duntze.)

(vy Floods, etc.

Where there is a maintenance clause in a
contract for the contractor to maintain
his work for a certain period, and damage
results meanwhile from an extraordinary
flood, c¢tc., then the contractor must
make good. (Brecknock w. Pritchard.)
Contractors would be wise to cover themn-
selves by insurance in such cases.
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THE DESIGN OF D.C. MOTORS AND
DYNAMOS

By H. E. J. BUTLER

HE method of designing a motor

and a dynamo of similar output is

essentially the same. A dynamo
is designed to give a certain output in
watts (volts xamperes), whereas a motor
is to give a certain h.p. output. A motor
way be treated as a dvnamo having an
cquivalent output in watts. The h.p.
output of a motor in watts is given by
wultiplying the h.p. by 746. Thus, a
motor of { h.p. has an equivalent output
of 373 watts.

The Starting Point.

The main purpose of this article is to
determine the size of the armature and
field  magnet
and  to show
how the wind-
ing data is
calculated. 1t
will be assumed
that the con-
structor wishes
to build a
machine of a
certain output.

When the
output of the
proposed
dynamo or
motor has been
determined
from require-
ments, the size
of the arma-
ture, which is
the starting
point, may be
found from

Fig. 1.
THE TyricaL DisiGN wWHICH 1s DEALT WITH IN THE TEXT.

The armature is 13i-inch diameter
tables I—4. closed slots.
The armature meter. The small hole in the armature stampings and
sizes given are the semi-circular nick in the field stampings
up when the stampings are asscmbled. The field stamp-
only  average

values and are Sankey’s Stalloy.

AN .ARMATURE AND FIELD MAGNET STAMPING OF

The armature spindle hole is f-inch dia-

ings are Sankey’s Lohy’s iron and the armature stampings

cannot be taken as definite without further
investigation. While the outputs shown
are easily developed by the given armature
sizes, a higher output can be obtained by
careful design. It is not possible to give
exact sizes for armatures in relation to
output because the working conditions
and the particular design of the stampings
are variable factors.

The method of determining the design,
which is given here, is to consider what
output is obtainable from a particular
design of standard stampings that are
likely to give the required output.

Two or Four Poles.

Unless the output of the intended mach-
ine is to exceed
500 watts,
there is little
t o gain by con-
structing a
four-pole field
magnet. It is
possible to
obtain a larger
output from a
four-pole
machine than
from atwo-pole
machine of the
samesize. This
is partly  be-
cause the span
of coils of the
four-pole arm-
ature is ap-
proximately
half the span
of the two-pole
windings. This
gives shorter
end  windings,
which  makes
for higher effi-
ciency because

with 12 semi-

line
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TABLIC 1.

Two-roLE Dyxanos,

Armature

Output Length Speed Iicld
(watts), and Diam. | R.P.ML Watts
(inches). (approx.).
12 1} 4,000 15
20 1} 3,750 20
35 1 3,500 30
45 2 3,000 35
60 2} 2,750 35
S0 2} 2,500 40
100 a8 2,300 40
130 3 2,100 40
200 33 2,000 350
275 3 2,000 55
3350 31 1,850 1)
450 4 1,800 0o
600 13 1,750 70
750 EE) 1,700 =0
820 41 1,050 [
1,000 5 1,600 i 100
1,100 5% 1,500 | 100
1,200 5} 1,400 100
1,300 5% 1,300 100
1,400 O 1,200 109
the end windings of the armature are

inactive and merely add resistance to the
armaturc.  Another reason is that the
field excitation is more efficient, because
the ampere-turns are obtained with four
smaller diameter coils instead of with the
two larger coils of the bi-polar dynamo or
motor. Hence less power is required for
excitation of the field.

Procedure in Design.

The procedure in the design of a dynamo
or motor is best understood by considering
an actual example.  Suppose it is proposed
to construict a shunt-wound dynamo with
an output of 6 volts 6 amperes, or 30 watts,

The Stampings.

Table I gives an armature diameter of
13 in. for an output of 35 watts, so that
this size is provisionally fixed for the
machine.  Fig. 1 shows an armature and
bi-polar field magnet stamping to suit
these requirements. The use of stampings
for both fietd magnet and the armature is
advised not only on the score of efficiency
but also for simplicity of construction,
which is thereby obtained. A laminated
ficld magnet is less than half the weight
of a cast iron one designed to carry the
same total flux.

THE DESIGN OF D.C. MOTORS AND DYNAMOS

The Field Magnet.

Since in a bi-polar machine the length
of the armature is made equal to the
diameter, the length of the assembled tield
magnet will be 13 in. The stampings are
.021n. thick, so that the ficld magnet
will consist of about go stampings.

Before the armature can be considered
it is necessary to calculate the field
strength in the air gap between  the
armatare and the pole faces.  With this
object in view the total flux in the magnet
itself is first estimated.

Calculation of Field Strength.

For laminated field magnets of Lohy's
iron, such as are now being considered, it
is possible to work cconomically at a flux
density of 935,000 lines per sq. in.

The total flux of the yokes of the
magnet is given by area (sq. in.) X 935,000,

Arca of vokes=2x3 X1} sq. in.

Since the stampings are paper coated
the actual arca of iron will be :—

Area=2x} X1} X.05sq. in.

Total flux=2 %} X1} X.95 %X 95,000 lines

-70,000 lines,

The total flux in each air gap is less than
this by about 10 per cent. on account of
magnetic leakage. That is to say, some
10 per cent. of the magnetic lines developed
will not pass through the armature and
are therefore ineffective.

TABLE 11,

FOUR-POLE DYNAMOS,

Arma- | Arma-
Output ture ture Speed Iield
(watts). Diam. Length = R.PM. T Watts
(ins.). (ins.). (approx.)
60 2l 1 2,500 35
S0 23 2 2,300 40
100 3 23 2,100 40
160 33 2N 2,000 10
250 34 R 2,000 50
300 31 23 1,850 0o
470 4 3 1.800 70
670 43 3 1,750 so
S00 43 3 1,700 9O
1,000 44 31 1.650 100
1, 300 5 3% 1,000 100
1,500 5% 4 1,500 100
1,650 53 A8 1.400 100
1,850 5% 4 1. 300 100
2.000 6 44 1,200 100




Total tlux in air gap = 79,000 X.9
line
71,100 lines,
Thus a total flux in the air gap

of 71,000 lines forms the basis of the
calculations for the armature windings.
The odd 100 lines may be neglected.

Estimation of Armature Output.

Now that the total flux in each gap
is known, it is possible to calculate
the armature windings.

THE DESIGN OF D.(C.

If Z - Total conductors in armature slots,

I = Voltage of armature,

I = Total flux per pole,

P~ Number of poles,

N = Speed of armature, r.p.m.,

S= Number of parallel paths in arm-
ature, then
g 3 S

VA [ 6010t o8 conductors

TTFXxPxN

In the present example

MOTORS AND DYNAMOS
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STAMPINGS.

The armature has a key which is made to fit the
kevway in the shaft.  The armature is 1 f-inch
diameter, § inch hole.  The magnet yokeis g -inch
wide and the air gap .ot inch. The armature
slots are of a particularly good design.

1’A1R

lFfig. 2 -A

I£ =6 volts,

IF= 71,000 lines,

P=2,

N = 3500 r.p.m. (from Table 1),

S =2 for a two-pole machine,
660X 10% X 2

~ - conductors

71,00() X 2 X 3500

145 conductors,

This does not take into account that
the windings cavse a drop in volts, which
must be allowed for by adding extra turns
to the armatare. Allow 1o per cent, extra

conductors for small machines, For
larger machines the actual armature
resistance must  be worked out.  The

total armature conductors, therefore,
145 X 1.1
160.

Since there are 12 slots, 1.4 wires in cach
slot are required, which means that there
will be 12 coils of 7 turns cach.  The extra
voltage developed by the increase of total
conductors from 160 to 168 is negligible.

The accurate  determination  of  the
number of armature conductors is possible
by using the following :

1o £ 05
0167 ' PN) (0139 - 10° 1IR)
Where 12 =Terminal volts at full load,
S = Number of paratlel armature circuits,
c=Total flux per pole

P~ Number of poles,

N=r.p.nv.,

I 17ull load current,

I==Length of mean turn of armature
coils (inches)

R - Resistance of wire ohms per vd.

In the present example—

B 10" X6 X2
1,017 > 71,000 © 2 > 3500)
(0139 X 10% 7 7.5 7.2 X.01323)
12 % 10%
.01_1)7 4.();, J10° —.0102 - 10°
12x10%

10" (L0832 -—.0102)
12

273
165 conductaors.

Calculation of Field Windings.

The caleulation of the magnetising
ampere-turns s the same  whether a

machine iz shunt or series wound, although
the two types of windings are themeelves
different. The magnetising  power s
measured in ampere-turns and is called
the magneto-motive force of the magnet,
The magnete-motive force of a magnetic
chrcuit gives rise to a “current ” of
nagnetic lines against the opposition of
the magnetic resistance of the iron and
air gaps, in a similar way to which the
clectro-motive foree or volts of an electrie
cireuit causes an electric current against
the opposition of the electrical resistance
of the wire.

The estimation of the magnetising force
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TABLE IIL
Two-roLE MOTORS.
| Armature
H.1. I Diam. and Speed liquiva-
Length R.P.ALL lent
(inche ). Watts,
i 1 4,000 o5
1} 3.750 37-3
s 1} 3,500 625
_ 2 3,000 74.0
% 23 2,750 935
3 3} 2,500 125
Vs 23 2,300 140
i | 3 2,100 185
L 33 2,000 250
3 3 1.350 373
i 1} 1,750 u25
1 4} 1,700 746
t} 4} 1,050 935
1} 5 1,600 1,120
13 5% 1, 400 1,310
2 6 1.200 1,500

required to produce a certain flux in a
particular magnetic circutt is simplificd
to measuring the length of the magnetic
paths and calculating the flux densities
in the different parts of the circuit.

When these two values are known the
ampere-turns is estimated from Table V.

Estimation of the Magnetising Force.

The estimation of the magnetising foree
required for the 36-watt dynamo, which
i being considered as an example, is done
as follows.

The flux density in the yoke is to be
65.000 lnes. Table V. ogives 33 ampere-
turns per inch for the density in Lohy's
iron, which is the material from which the
ficld stampings are made.

The average length of magnetic path
in the yoke is 44 in., therefore (—

Yoke ampere-turns =4§ %33

140 per pole, or
280 total,

The total flux in the air gap is 71,000
lines, The area of the air gap is found,
approximately, by adding together the
area of the five armature pole faces which
cover the field pole face,
sx ' x 1} sq.in.

Total tlux
Area ot_g;f)
71,000 X 32
T sX11x7
23,600 lines per sq. in.

o Avea of gap

Denstty in gap =

 lines per sq.in,

THE DESIGN OF D.C. MOTORS AND DYNAMOS

Total length of gap=2 X .02 in.
-.04 in.

The ampere-turns per inch for a flux
density in air of 23,600 lines per sq. in. is
found by multiplying the density by .32.
.. Ampere-turns =.32 < 23,600

=7550 per inch

+7550 .04
=302

Total ampere-turns

Finding the Ampere-turns Required to
Drive the Flux through the Armature.
It now remains to find the ampere-tums
required to drive the flux through the
armature.  This may be sufficiently
accurately estimated by multiplying the
sum of the ampere-turns for the yoke
and the air gaps by 1.05 to give the total
ampere-turns  for the whole magnetic-
circuit.  For larger machines, however,
the percentage of ampere turns for the
armature is higher and must be calculated.
In the present example this is done as
follows :--
The arca of the armature teeth, neglect-
ing the pole extensions =
5 g 21 sq.in.

Density in teeth = 7LO00X 324

S5RIXT
=380,500 lines per sq. in.
Length of teeth =2 {in.

=¥ In.
Ampere-turns (Stailoy) =1 > 20
=15 amperc-turns
Area of armature core =2 <%, x1}sq.in.
2
Ilux density in core SCEEL T S
2X9X7
==72,000 lines per sq. in.

TABLE IV.
Four-rore MoTORS.

Arma- | Arma-
1. ture ture Speed | Equiva-
Diam. = lLength R.P.AL lent
(ins.). (ins.). ‘ Watts.
X 2l 1% 2,500 93.5
A 23 2L 2,300 125
} 3 23 2,200 135
4 3% 23 1.850 373
1 4 ! 3} 1,800 625
1 4% 3 1,750 740
13 44 33 1,700 935
1} 41 34 1,050 [,120
13 5 3 1,600 1,310
2 51 4 1,500 1,500
2} 5% &5 1,400 1,630
24 5% 43 1,300 1,870
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I.ength of magnetic path in core =1in.
.~.Ampere-turns (Stalloy) =1 .13

The summary of the above calculations
ix as follows :—

Ampere-turns for yvokes == 280
N ,, air gaps 302
. ,, armature teeth 15
.. ,, armature core 13

Total ampere-turns

Field Winding.

The diameter of the wire for the wire
of the ficld winding of a shunt machine
i« found from the formula

D= 000001 ATl
2200 ATl
Where D =diameter of wire (in.
AT =ampere-turns
—length of mean turn of ficl! coil ino
E =voltage across cotls.

In the present example -

AT =610
1=8.3
E=6
S D= /_ooobm b10 - N3
s o
= .029 in.

The nearest standard wire gauge to this
ficure is 22 S.W.G., which has a diameter
of .028in. The current which can safely
be passed by this size of wire at 2,500
amperes per sq. in. is I.5 amperes.

The number of ficld turns can now be
determined.

Ampere-turns

Turns =
Amperes
- 010
coTurns = —;
-5
406

The field coils will therefore consist of
two  windings of 203 turns each of
22 SW.G. enamel covered wire or double
«ilk covered wire, Double cotton covered
wire is not to be recommended for small
feld coils on account of the extra space
which it occupies and it will generally
be found impossible to accommodate the
required number of twrns on standard
dexigns of stampings.

Gauge of Armature Wire.

Now that the field current has been
determined it is possible to calculate the
total current output of the armature.

1763
TABLL V.,

Forck REQUIRED ForR FIELD
MAGNETS,

MAGNETISING

Lines Ampere-Turns per Inch.
pt‘l' —— — = =

Square Cast Lohy's |

Inch. Adr, Iron. fron. | stalloy.

1

10,000 3,200 11 -
15,000 4.800 r4.5 —
20,000 6, 400 19.5 —
25,000 8,000 25.5 - ~——
30,000 9,600 33.5 3 2.3
35,000 11,200 44.0 | 3.5 2.8
40,000 12,300 30.0 | 4.0 3.3
45,000 14,400 - 3.1 4.0
50,000 16,000 0.1 -0
53,000 ‘ 17,000 7-1 5.3
60,000 19,200 3.6 6.6
03,000 20,800 10.0 8.1
70,000 22,400 12.7 1.2
735,000 - 15.3 14.7
50,000 - 17.8 15.7
35,000 23.0 20.0
10,000 —_ .’5_() S5
93,000 33.0 35.0
100,000 — 43.0 55.5
110,000 — — 1:7.0 178.0

The total output from the armature is the
net output plus the field current.  The
net output 18 6 amperes and the ficld
amperes is 1.5. The total output of the
armature is therefore 7.5 amperes.  The
gauge of wire for the armature depends on
two factors: (1) the current in the
armature ; (2) the current density  at
which it is safe to work with the type of
armature under consideration, The
current density for a naturally ventilated
armatare may be taken at 2,500 amperes
per sq. in. where the machine is to run
continuously.

On page 38 is given a table showing the
gauges of wire suitable for various
armature currents. Now each conductor
in a two-pole motor or dynamo carries
only half the total current. Thus each
conductor carries  3.75 amperes.  The
suitable S.W.G. is, therefore, No. I8,

Armature Slots.

[t now remains to sce whether 14
insulated wires of I8 S\W.G. can be
accommodated in cach slot. The winding
space in each slot is .07 sq.in. To find
the area which can be usefully occupied
by conductors, divide this area by I1.4.
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The effective arca is, therefore, .05 sq. in.
The maximum number of conductors of
1IN S WG double cotton covered  wire
which can be wound in 1 sq. in. is 295,
Therefore, in o5 sq. in. :
Max. conductors = .05
I5
Thus with 14 conductors per slot there
will be sufficient room to place a stiff
wedge between the top of the winding
and the top of the slot, which is the usual
method of retaining the windings in this
tvpe of armature.

293

Fig. 3. ANOTHER DESIGN OF

The armature is 1 %-inch diameter with J%-inch
The width of the

hole.  The atr gap is o1 inch.
voke is 7 inch.

Maximum OQutput.

It will be seen from the previous para-
graph that by winding 14 conductors per
slot, the maximum  possible  output s
not realised.  If it is sufficient, then no
harm is done by not filling the slots to
the best advantage. If, however, the
maxinmum  possible  output is  desired,
the armature is wound with single silk
covered wire.  To maintain the output
at O volts the number of turns is kept the
same. A gauge of wire is chosen which
will wind so as to il the slots,  Since
the slot area is o5 <q. in. the wires per
< in.will be 280, ie., .0t The heaviest
gauge of S.5.C. wire which can be put on
15 therefore 17, which winds 287 conductors
per s ins This gange of wire will permit
an output of 12 amperes total armature
current or an output current of r10.3

SANKEY's SMALl
MOTOR STAMPINGS.

MOTORS AND DYNAMOS

amperes, The maxinmum output is there-
fore 10.5 <60 --63 watts,

Cast Iron Field Magnets.

The caleulation of the windings for
cast iron field magnets is the same as for
Jaminated ones, but different lux densities
and magnetising forees have to be observed.,
Suppose the dynamo, which has just been
considered. were to have a cast iron
magnet.  The magnet would have to be
considerably larger than the laminated
one to obtain the same total flax in the
air gaps.  The overall size of the
magnet would be inereased to 5in.,
which would increase the mean fux
path to about 6 in.

The most economical flux density
for cast iron field magnets, in small
sizes, is 35,000 lines per sq. in. The
magnetising force required for this is
given in Table V as 44 ampere-turns
per inch.  The total ampere-turns
for the magnet is therefore

2 X0 X 44=528 ampere turns,

The rest of the circuit is already
found to need 330 ampere-turns, so
that the total 15 &8, Thix means
a wire diameter of 036 or 20 S WG,
The current for this gauge of wire
is 2.5 amperes as against 1.5 amperes
of the laminated magnet windings,

Motor Design.

The calculation of the shant field
coilsof a motor are exactly the same as for
adynamo.  The armature design is really
the same, although it is treated in a
slightly different manner.,
The starting point in the desien of a
motor is the formula :

==\ 1R
Where E- =supply volts
V armature  voltage, or back
LM
1 Total avmature current
R Armature resistance.

It is evident from this formula that it is
necessary to find the armature resistanee,
in_order that the speed may he predeter-
mined.

How Armature Resistance is Found.
Suppose, as an example, the stampings
previously considered as a dynamo are to
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be used for a 230 volt motor of ', hop.
output. The equivalent output of the
armature is 62.5 watts.  The current in
the armature is the watts divided by the
back E.MEF. voltage, not the mains
voltage. In order to make a trial calcula-
tion it is necessary to assume a percentage
drop in the armature. 1f this is taken

as 10 per cent. the armature or back
EALE. voltage is 207 volts.  On this

assumption  the armature resistance  1s
found as follows :

Watts
v
62.5
210
.3 ampere.

The resistance of the armature is found
by dividing the effective EMF. of the
armature, which is the difference between
the mains voltage and the back ENLL,
by the armature current. The armature
resistance is therefore :

R - 230207
-3
70.7 ohms,

Number of Armature Conductors.

The number of armature conductors is
calculated from the same fornmla as for
finding the number of dynamo armature
conductors.  Instead of E the output
voltage, is substituted V, the back E. MY,
\'nllllgc, thus :

V X bo X108 <5

\

: FxPxN

v 207 volts

i 71,000 lines

P 2

N 3300 r.p.nn

o 2

B 207 X060 X 10" < 2
7 /

7 1,000 X 2 X 3500

5000 conductors, or 41N

per slot. As before, with a useful slot

. 0 0 . I¢ R
arca of .03 the wire per sq. 1m. 1.\"4 h 150.
.05

This corresponds to 35 S.W.GL double sitk
covered wire,  This gauge of wire will
carry the current, .15 ampere, at a density
of 2700 amperes per sq. in., whicl is safc.

MOTORS AND
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Calculating Armature Resistance.

It now remains to calculate the armature
resistance when wonnd with 2500 turns
of 33 SAW.GL wire, so that the assnmed
drop in volts in the armature may be
checked.  The armature resistance in
ohtus is given by :

R Zx1x1

2 X 30 xS
Where Z = total conductors
1 — mean length of one armature-
turn (inches)
I —resistance of wire per vid.
S —number of parallel circuits.

A Typican DESIGN OF SLOTTED
DRUM ARMATURE.
This open slot type is more suitable for
form winding. Bindersare used instead ot
slot wedges to retain the windings

g, 3

In the present example :

7. =35000

! 7.25 1.

r —.4338 ohms

& 4

R =3000 x7.25 %4338
2x3bx2

109 ohms.

The increase in resistance from 76,7 chius
the assumed value, to 10 ohms will result
in a lower speed of 3340 r.pm. This will
give a correspondingly lower h.p. output,
actually only 4 per cent. less.

l'or an accurate determination of the
nunber of armature conductors the follow-
ing expression is nsed :

O - 1S (KE-IxZxl -1

VA 7208

IFxpx N



Specifie Contact | Maximum Normal Current Brush
Resistance, Drop at Commmtator Density.  Anps. Pressure
Ohms Normal Surface per 5q. luch. ) Lbs.
Type. per Current Speed - —ce— Mica. per
Inch Density Feet Commu-'  Slip Square
Cube. Volts. per Min. tators. . Rings. Inch.
link Oue L0008 3 05 10,000 00 Recessed 3
Morganite
Link Five 00075 0 10,000 60 - Recessed &3
Morganite
[ e - . — =l —
Fink HNM 3 00002 K 10,000 05 75 Recessed i
Hard
Morganite |
—— - | - p— —_ — p— ——— — ———l—— ——— p—
link HM5 L000h 5 00 10.000 s 75 Recessed 3
Hard .
Morgauite
Link HM6 00075 S35 Lo,000 035 75 Revessed 2
Hard
Morganite I
Link €M [ .oovony .25 1,000 100 150 [lush 8
Copper ‘ for car
Morganite ’ i starters
Link CM1S L0000 1 2l 5,000 1oo 150 Flush 3
Copper
Morganite
B -
link € N2 LO00OOS 25 3,000 1o 150 Flush 3
Copper 2 tor
Morganite slip-rings
Link CM3H 000013 .35 6,000 Su 100 FFlush 3 for
Copper | islip-rings
Morganite ¥ for car
[ | starters
| [ S
Link CMsH 000025 .50 6,000 75 ) I'lush 2
Copper 3 for
Morganite slip-rings
Link CMo L0001 10 45 3,000 70 ) IFlush 3
Copper
Morganite

TABLE VI, WoRKING DATA 0F MORGANITE AND BATTERSFA CARBON BRUSHLS,

Uses,

Stationary machines,

Stationary machines,

Rotary converters,

Remarks.

Silent,

Does not
heat.

A elean
brusl.

expand with

lubricating

Turbo-exciters and
large D.C.machines.

D.C. machines, turbo
alternator slip
rings

Bronze  slip-rings, 6-
volt starter motors
and very low volt-
age nirchines,

D.C. machines  and
slip-rings up to 10
volts,

D.C. machines  and
slip-rings up to 10
volts,

Rotary converter slip-
rings, car dynamos
and starters,

Rotary converter slip-
rings, induction nio-
tor slip rings and
car dynamos and
starters.

D.Co machines  and
induction motor
slip-riugs up 1o 50
volts,

[.ow friction.

A zood  commutating
brush.

Specially  suitable  for
oil  lubricated  slip-
rings.

()()./,i

HAHL

{1l

NACL ANY SHOLOIX "0d 1O XOIS?

SOy



—— . — ( . — »
Link A L0013 1.0 ‘ 4,000 45 — Ilush 2 | Stationary machines. | Good lubricating quali-
Battersea ties.
Carbon | 1
Link As .0020 1.1 l 4,000 40 — I‘lush 2 , Car dynamos, —
Battersea {
Carbon | | i
— | | e —
Link B 0011 .95 4,000 55 70 Flush 2 Machines of all volt- | Suitable where no spe-
Battersea ages. cial  commutating
Carbon difficulties are pre-
‘ l | sent.
Link B6 L0013 1.0 | 4,000 | 50 63 i Recessed ‘ 2 Machines of all volt- —
Battersea l I ages,
Carbon
: | I = = — o -
Link C4 0021 1.1 3,000 1o — Flush 2 500-volt motors. | Suitable for hard micas.
Battersea i |
Carbon | |
—_— _—— = 1 . .
Lank C8 0027 7 3,000 40 - Flush ! 2 Traction and other | Suitable where high
Battersea | 3-6} for motors. | micas cause blacken-
Carbon | Y " ing.
Link LEGo 0007 .95 5,000 05 ! 75 Recessed | 2 Cardyvnamos and low- | A comparatively soft
Electro- | voltage machines, | brush.
Graphitic | i | |
: I __ |————
Link EG3 0013 1.0 5,000 l 55 05 | Recessed | 3-6} for | Traction motors and | A mechanically strong
Electro- | | | traction A.C. cominutator |  brush, suitable for
Graphitic j ! | mntors. ! contacts subject to
[ | | wviolent sparking.
S i
Link EGy 00T} 0 4,000 55 | o3 I Flush 3-6} for | Traction motors and | Similar characteristics
Electro- traction AL,  commutator to Link EG3.
Graphitic motors.
Link EGro L0014 1.2 7,000 o -— Recessed | 2} A.C. commutator mo- | —
Electro- | | tors, and D.C. ma-
Graphitic | chines with widely ‘
' | fluctuating loads. |
| — (R -—
Link EG1x 0013 1.0 8,000 6o | — Recessed 24 ' High speed rotary l —
Electro- | | | | converters, and
Graphitic | ] | traction motors. i
|- - 1. | | H
| | T
Link EGi2 | .oo14 1.2 | 8,000 60 | — | Recessed 24 l High speed conver- | Suitable where load
Electro- | ters and dynamos, and commutating
Graphitic | conditions are severe.

)’ A0 NOISHA dHL

SONVNAA ANV SHOLOK

lgl1
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This tormula is a combination of the
three expressions for the armature voltage,
the motor formula and the formula for
the armature resistance,

In the present example design

Z-06 10* 2 (230—.3%7 - 7.25 - 4338

7212
71,000 < 2

o2 = 4,770, or 308 per slot.

3.500

Series Field Windings.

The examination of series field windings
is contined to motors, because the series
dynamo has very little practical value.
In aseries wound motor the total armature
current passes through the field coils,
therefore the number of turns on the
series field coils is simply found by dividing
the ampere-turns by the main current.
The gauge of wire is proportioned to
carry this current at 23500 amperes per
sq. in.  The resistance of the coils is then
found when the volts drop at full load is
estimated.  This drop subtracted from the
mains voltage gives the voltage at which
the armature works at full load.

Suppose for the sake of argument the
volts drop in the field coils of a 230-volt
series motor is 25 volts, the volts applied
to the armature would be 205 volts,  The
calculation of the armature winding is
then as for a shunt machine of 205 volts
inpat. It is evident from this that a
series motor armature, of the same h.p,
output as that of a shunt motor, is wound
with fewer turns of thicker wire if the
mains voltages are the same,

Sources of Loss.

The overall efticiency of @ dynamo or
motor is  dependent on  the  following
losses :

(1) lField excitation watts,

(2) Armature copper loss.
(3) Armature iron loss.
(4 Hea ing,

(5) Brush contact drop,

{0) Triction of bearings and brushes,

(7) Windage.

The ficld excitation and armature copper
loss or volts drop have been considered.
These are definite and can be calcutated
without much ditficulty. The armature
iron loss is practically negligible in small
machines.  Actually the loss amounts to

MOTORS AND DYNAMOS

about 1 watt per pound of armature iron
at speed of 3000 revolutions per minute,
The loss dne to heating is the extra drop
in volts in the armature caused by the 1ise
in resistance as the machine warms up on
load. This can be determined only by
experiment, becauvse the various factors
which determine the actual temperature
rise cannot be calculated.

The brush contact drop may be estim-
ated from Table VI, showing the character-
istics of dvnamo and motor brushes. This
loss may be compensated by making a
suitable allowance before commencing the
armature calculations. This loss is neg-
ligible in high voltage machines.

Losses due to the friction of brushes and
bearings arc a source of considerable loss
in small machines, and can be determined
only by trial.  Small machines should
invariably have ball bearings and low
voltage machines of less than | h.p.
should have copper gauze brushes.

Windage is another loss which cannot
be predetermined. [t does not affect the
design of dynamos, but lowers the h.p.
output of motors,

Overall Efficiency of Small Motors.

The overall efficiency of small motors of
good design is given in the following
table :

H.P. Etticiency || H.P. | Efticiency
T .4 3 .04
~Iln -5 * .72
1% .52 ) .70
T .56 1 .31
o o®@ ' L} W82
3 L0H2 | 2 .83

Calculating Total Motor Current.

In che design of the % hop. motor,
which has been considered as an example
motor design, the windings are calculated
to give an armature output of ;4 h.p.
When designing a motor of a certain h.p.
output at the pulley, the total motor
current is first calculated from :—

i B.H.P. <746
I xe
Where [-=current in amperes
IZ=voltage of mains
c—=cfliciency  expressed  as  a
decimal,

Thus a ', h.p. motor working at full
load on a 230 volt supply has a total line
current of .48 ampere.
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APPARATUS FOR THE CORRECTION
OF POWER FACTOR

By Professor MILES WALKER, D.Sc., M.I.LE.E., F.R.S.

PPARATUS for the
A correction of power fac-
tor may be conven-
iently  considercd under two
headings : (1) Apparatus which
attacks the evil at its source
and prevents the production of
wattless current that would
otherwise flow in the circuit,
and (2) apparatus that neutral-
ises wattless current that has
been already preduced.

In the first class fall phase
advancers and in the second,
condensers  and  over-excitcd
synchronous motors. The term
phase advancer should never
be used in connection with the
second class as it is a specific
term intended to be used only
for apparatus of first class.

Phase Advancer.

Before the invention of the
phase advancer by Le Blanc in
1805, the induction motor al-
ways required alagging current
to magnetise it, and the watt-
less KVAL called for was often
as great as one third of the
total kVA. input to the motor.
At light loads the input to in-
duction motors is often almost
entirely  wattless, so that a
mixed load of lighting and
power will often have a power
factor lower than 0.8 and the
kVA. coming upon the mains
and central station is thus very
much augmented.

The phase advancer supplies
the alternating  magnetising
current, required by an in-
duction motor, to the rotor and
thus relicves the mains which

£s

™

SuppLy VoLTS

NG CURRENT

MAGNET/Z.
e T

Q

Bacrx Vorrs

£g

Fig. 1.--SHOWING THE
Positiox OF THE
VOLTAGE VECTORS AND
MAGNETISING CURRENT
FOR AN (RDINARY
IxvrctioN Moror.

Es

Fig. 2.—SHOWING THE
MAGNETISING CURRENT
IN THE ROTOR OF AN
INpUcTION MoTor
Frrtep With A Puase
ADVANCER.

would otherwise have to supply
it to the stator. The advan-
tage lies in the fact that the
frequency in the rotor circuit
is only onc or two per cent. of
the frequency of the stator.
The magnetising  current for
the rotor can be supplied at a
low frequency and low voltage
instead of at a high frequency
and high voltage. Thus the
wattless kVAL required is only
a few per cent. of that required
by the stator for the same mag-
netizing effect. Here, of course,
we are assuming that the stator
is the primary and the rotor is
the secondary, as is most
commonly the case.

Why the Rotor Magnetising
Current must Lead.

A magnetisirg current in a
rotor must lead, that is to say,
its phase must be ahead of
the working current of the
rotor, Studentssometimesask
why must amagnetising current
in a stator be a lagging current
while that in the rotor must
be a leading current. The
answer is obvious from the
diagrams Figs. 1 and 2.

The reader is referred to
articles by Mr. Dover on the

induction motor and on the
Calculation of  Alternating

Current for further explanation
of these diagrams. (See pages
Sog and 1560.)

H we take the vector OE.
drawn upwards to represent
the phase of the supply voltage
which tends to force current
through the stator, then Iél(‘
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Fig. 3.- LE

back EMLE. st up by the revolving fickd is
nearly equal and opposite to OE, and mav
be represented by OEy drawn downwards,
The magnetising current which sets up
the revolving flux that generates the back
EALL, is shown by a line Oly,, drawn
ncarly at right angles to both.  This vector
lags on Ok and leads on Ok,

Fig. 2 shows the supply E ML OF, as
betore  drawn  vertically upwards, and
shows the E M. gencrated in the rotor
bars, OE,, which is in the same direction
as OE, in Fig. 1, but of very much lower
value because it is generated at the slip
frequency. The resistance of the rotor

g, 4.- - LE BLANC'S IPHASE ADVANUER.

BLANC IPHASE ADVANCER (SCHERBIUS Typh)
Browx, Boverr & Co.
This has a small driving motor attached.
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circuit is very low and
its reactance is almost
negligible <o that onlyv
a small EAMLFEF. s re-
quired to drive a very
big current.

Suppost now  we
put  a machine in
circuit with the rotor
which  will add an
EALLE, equalto l5,] =0
that the total E ML
in the circuit is O]J.
then the current Ol
in the rotor will be
almost in phase with
OJ. That is to say it
will be leading on OF,.
and it will take the
place of the magnetis
ing current that would
otherwise be required

BriLt By

m the stator.

Le Blanc’s Exciter.

A phase advancer is a machine for
supplving an E.MF. of this kind., It may
be regarded as a sort of alternating current
exciter. In the original machine devised by
Le Blane, the EMFinjected into the rotor
circuit was alwavs 9o degrees ahead of the
rotor current.  This was quite effective in
making the current lead on the OFE,
but it causes a slight increase in the slip,
and is not as cconomical as when the
injected  EAMLE. is
at some other angle,
say 30° to the rotor £s
current.

The original  Le
Blanc advancer is a
very simple machine.
It consists of a direct
current, 2-pole arma-
ture  provided with
tliree brushes at 120
to one another on

X 4.
the commutator (sce  “friSas,.

™N

- 7 d
Fig. 4) connected to % 4v;“°“‘¢~,.
the three  slip-rings Tae 5
of the rotor of the 7z

induction motor,

The low fre

th l S t g qll(‘ncy ADVANTAGE OF INJE( 1o
currents  from  the ixg rue EMF, AT ax
rotor magnetise the ANGLE LEss Thax go®,

[71g. 5.— SHOWING THI
4



armature and the field produced revolves
slowly with respect to the brushes as the
three-phase cwrrents slowly alternate.  If
the armature is revolved in the same direc-
tion as the field and at the same speed the
conductors do not cut the field and the
armature has thercfore no inductance.

g 7.
FOR COMPENSATING WINDING

If now the speed of the armatore s
increased so that it goes faster than the
ticld, the inductance becomes negative.
The phase of the EMF. gencrated in it is
go° ahcad of the current. In practice the
ficld mayv rotate onlv once or twice a
second while the armature 1s revolved at

ARRANGEMENT OF SLOTS IN STATOR AND ROTOR AND PROVISION
AND SERIES WINDING ON STATOR.
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Advantage of Smaller Angle

of Lead.

1]

1f it is desired to control the

phase angle of the injected

!

E.M.F. (forinstance to make it

—t—— -

at 30” or some other angle to

the current) awinding must be

1T T R —

S S

I/

4 a1

put on the stator of the ad-

/

vancer. By proper connec-

tion of the stator coils the

e

—

[
_t__

[

E.M.F. can be injected at any
angle.  Fig. 5 shows the cffect

T
‘8|
AL

LINE.

=

I8
T

of making E,J at 30" to Oly,.

\

-

TORQUE
=

LINE

Here OE, is reduced.

H—

—

‘\ Maximums OuTodT.

The advancer may  be

—

bt

SCALE ~ /Camr =20 4mPS.

coupled directly to the shaft
of the motor, or it may be

o

Fig. Sa- CIRCLE DIAGRAM OF

A 475 H.P.,

HAs A Maxiamum  Powkr Factor or 0.80

many hundrcds of revolutions per minute
s0 as to generate an E.M.F. as great or
greater than the slip EM.EF. The armature
will work without any field magnet around
it, if provided with closed slots, but it
commutates better if built with open slots
and is surrounded with an unwound iron
stator to complete the magnetic circuit,
Fig. 3 shows a machine of this type built
by Brown Roveri & Co.

F 3,000-VOLT,
THREE-PHASE MOTOR WHICH WITHOUT A PHASE ADVANCER

driven by a gear or by a
separate motor.  The amount
of power required to drive it
is extremely small when the
current is out of phase with
the volts and the kVA,
capacity of the machine is only two or
three per cent. of that of the motor.

If an induction motor is designed to be
run with an advancer, it can be built
more cheaply than a motor possessing
inherently a good power factor.  The
saving in cost of the motor goes to pay
for the advancer. The motor can also be
made more efficient than a motor running
with an uncorrected power factor and the
saving in losses on the motor
goes to compensate for the

LaGarNG,

T T | 1 -
1] losses on the advancer.
T m
- \l}\i T Metro-Vickers Ad
[ - ncer.
1T l T 1] etro-Vickers Advanc
. Fig. 6 shows the internal
1 L | _], ! | {5 -
T TN T 1] construction of a phase ad-
! T 1 T \ i vancer built by Metropolitan-
N . . B Vickers Elee. Mfg. Co., Ltd.,
3 T \ A g
L — 4 L for connection to a motor of
R IR N Loy 750 h.p. A cross-section of
| - § |1 _Ll [ ] the machine showing the
| I 1| P! arrangement of the slots is
71 1 — T 1] S . ~e -
| | A O { | givenin Fig. 7.~
T RN 1 The winding lying in the
! 1 -LINE ! N :
N r_g;e_r—«l—- A { slots of the stator is a
| pm—" ! . . . .
T AR g T compensating winding, which
)| - ~ A= os. .
T T 11 "'i’ ] almost wipes out the magnet-

Fig. 8B.-
ADVANCER THE Locus DIAGRAM IS ALTERED.
Now HAS A FuLL Loap PowEer FacTor OF 0.84

SHOWING HOW BY THE ADDITION OF

THE MoTokr

ising effect of the armature.
The winding around the six
salient poles is selected from
the three phases so as to

A PHasE

[LEADING.
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give the desired lead to the injected
EMI.

Fig. ¢ shows an induction motor with a
phase advancer, connected to the same
shaft, built by the Metropolitan-Vickers
Co,

The improvement in the performance of
induction motors brought about by the use
of an advancer is scen from the two
figures on the facing page.

Fig. 8a gives the circle diagram of a
475-lLp.,  3,000-volt, three-phase motor
running  normally  (without advancer).
It will be seen that the maximum power
factor s 0.80
lagging. Withan
advancer con-
nected  to the
rotor circuit the
locus diagram is
altered to  that
shown in IMig, 8B,
which gives  a
full load power
factor  of o0.84
leading. b
desired, the ad-
vancer can  be
arranged to give
less lead to the

rotor current so
as to obtain a
power factor of

unity at full toad.

With the ad- Fig o
vancer in circuit
the locus of the
stator current lies almost on a circle
whose centre is far above the centre of the
first circle.

The Le Blanc exciter can also be used
for changing the value of the slip for agiven
load. When the injected EME. of the
exciter is in phase with the rotor current it
augments the E L. generated by the slip,
so that the slip will be smaller for a given
rotor current. When the injected E.M. I
is opposite in phase to the current it
opposes OE,, and the slip automatically
increases until there is sufticient EM.IY
to drive the current against the opposing
pressure. By this means the slip can be
varied over a wide range, and by arranging
the excitation of the advancer so as to
have a component of its EMF. in advance

INprerTion MoTtor
(Metropolitan-Vickers.)
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of the current, the power factor may be
improved at the same time as the slip is
varied.

The Kapp Vibrator.

It hias been known for a very long time
that when an alternating carrent is passed
along a wire freely suspended at right
angles to a steady magnetic field the wire
noves in such a manner as to generate a
leading E.M.I°.; in other words, it has
anegative inductance. The reason is fairly
obvious. The current produces a foree on
the conductor which is accordingly acceler

ADVANCER.

WITH DIRECT-CONNECTED [PHASE

ated. The phase of the motion must
necessarily lag behind the phase of the
current. Now the E. M I generated by the
motor is a back E. M F., and a lagging back
EM.F. is the same thing as a leading
forward E.M.I°., because to change the
sign of an alternating quantity is to change
its phase angle by 180 . Kapp showed that
to make a practical advancer on this
principle it was best to use an ordinary
direct current armature having avery small
dianieter, so that the moment of inertia is
small and the acceleration very rapid.
This vibrator consists of three armatures,
whose brushes are connected in series with
the slip rings ot the induction motor and
then to a star point.  The low-frequency
current, from the rotor, sets the armatures
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clectrical apparatus for carrying out any
operation, such as generator, conductor.
rotor, etc,, should terminate with the
letters “or.””  There are only about a
dozen exceptions, and the sooner we do
away with them the better. Let gas meter
be spelt with “ er 7" and an electric metor
with “ or.”" The rule would be helpful to
the schoolboy and the technician alike.
A condensor usually consists of a large
number of sheets of metal separated by
thin sheets of dielectric, such as parattined
paper or mica.  Alternate
sheets of metal are connected

VoLrt-

10.—THE
AMPERES OF A 10 H.P.
MoTor.

iy,

/2-2 AmPERES WaTTrFuL

revolving in a
strong magnetic
ficld and the motion
sets up a leading
EALEF. When the
slip issmall, say } to
I per cent. in a 50-
cvele motor, the ©OF
armatures have
time to get up a fair
speed at each altera-
tion of the current, but at high slips the
armatures have not time to attain a high
speed and the injected voltage is accord-
ingly lower. For this reason the Le Blane
exciter, which can be run at a high speed
all the time, is a smaller machine for a
given kVA. rating.

(2) Apparatus for neutralising wattless
current that has been already produced,

g, 11 -THe

A IO H.P,
IrLl Loap.

Condensors.

It is proposed that the electrical con-
densor shall be spelt with an *‘ o "’ instead
of with an “e,” to distinguish it from a
stecam condenser or any other kind of a
condenser. In fact, it would be well if we
could have the rule that all words connoting

Cos f=0-8

WAaTTFUL
AND WATTLESS AMPERES
MoTor AT

to form one conductor and
the other alternate sheets to
form the other conductor,
separated from the first by
the diclectric. Thus, we get
a very large surface.  The
capacity of the condensor is
proportional to the sum of the
surface of all the sheets and
is inversely proportional to
the thickness of the dielectric,
How to Calculate the Current
Taken.

The thickness and nature ot

/22 AMPERES

-VECTOR DIAGRAM SHOWING
THE MosT EcoNomIcAL METHOD OF
COMPENSATING THE CONDITION ILLUs-
TRATED IN I'1G. 11.

Assuming the cost of power is £4
per kVA. per annum, and cost of power
factor correction apparatus is £1 per
kVA. per annum.

I'ig. 12.
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the dicletric willdepend upon the voltage to
be applied between opposite  terminals.
Some condensors are designed to take volt.
ages up to 750 and others will withstand
6,600 volts (alternating) for vears, and are
best made with mica as a diclectric. The
current  flowing  into  a  cendensor i3
proportional  to  the voltage. to  the
frequency and  to the  capacity.  We
calculate the curtent from the formula
I=27fC\V,

where 1is the effective value of the current
in amperes, [ is the frequency, C is the
capacity in farads, and V the effective
pressure in volts, The phase of the current
s almost exactly go ahead of the applicd
voltage.  The amount of current in phase
with the voltage is often less than one half
of one per cent. of the wattless curront.

Suppose  that we have a  goo-volt,
3-phase, s0-cyvcle, 10 Ihp. nwtor which
ordinar.ly runs at o.& power factor and
has an cfticiency of 88 per cent, The power
takent from the line will be 1o~ 746 088

8,480 watts.  The volt-amperes taken
from the line will be 8,480 & 0N = 10,000,
see Fig. 1o,

The wattful current (that is the current
in phase with the volt) will be

N80 E .
N I2.2 amperes. See Fig 11
00 5. L73 | |
The actual current drawn from the line
. 10,600
will be —— = 15,3 anperes.

400 X 1.73

0 0 o

Bririsu
WITH AN

BuiLr By
anD Hewssy CaBre Co.
INvvr oF 312 KV AT 000 VoLrs, 50 CYCLES,

Iy 13- CONDENSOR THE

INSULATFD

The cosine of the angle of lag ¢ s given

12.2

by the ratio ——— = 0.8,

’ I5.3

The wattless lagging currant will be
15.3 + 0.6 = g.2 amperes.

In this case as 0.8 s the cosine of ¢
the sine of ¢ has the value 0.6.

Suppose now that it is requircd to coni-
pletely neutralise the g.2 wattless amperes

by means of a

condensor. We must
3 PHASE [ L L L L have one big enough
BUS BARS to take ¢.z2 amperes
]I L[ L [ L( LE at 400 volts, the
CONTROL }/(/!} };/? 1T rr }/r/r /T/r/r frequency being 50,
PANELS 11 l 111 /77 | l l 1 1 The capacity of
1 the condensor  will
MAINS TO 3 PHASE MOTORS Etc. MAINS TO 3 PHASE MOTORS Exc ..
. I

AUTO - TRANSPORMER TIafv T

TO RAISE VOLTAGE 0.2

ACROSS CONDENSER

:

A5

CONDENSER

Fig. 14.—ARRANGEMENT OF CONDENSOR, AUTO-TRANSFORMER AND
1S ON THE

SWITCHES \WHEN THE CONDENSOR

6.28 X 50 X 400
=.000073 farads
== 73 microfarads.

The Best Capacity
to Use.
Electricsupply

LLow-TENSION SIDE. companics. in order
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Iig. 13,

toinduce their consumers to use apparatus of
high-power factor, very commonly make a
charge on the basis of maximum kVA.
demand.  The question then arises: How
far is it worth while to improve the power
factor, having regard to the cost of the
condensors or other apparatus? It can
be  shown  where the annual cost (in-
cluding interest and depreciation of the
power-factor-improving  apparatus) per
wattless kVA. is denoted by « and the
annual cost of the supply is ¢ per kVA.
Then it is worth while to improve the

LONGITUDINAL SECTION OF A 10,000 kVAL. SYNCHRONOUS MoTOR BUILT BY THE METROPOLITAN-\
It is designed to run on 11,000

power factor, cos ¢, so that sin ¢ is
cqual to a - c.

Suppose, for instance, that in the case
of the 10 h.p. motor mentioned above
the cost of supply is £4 per kKVA. per
annum, and that the total annual cost of
condensors is £1 per annum per wattless
kVA. (leading). Then the power factor
should be improved until sin ¢4,  That
s, d—14.5".

The state of affairs after the improve-
ment would be as indicated in Fig. 12,
Instead of completely wiping out the
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50 cyeles at a speed of 750 r.p.m.

lagging wattless current of .2 amperes,
it pays better to only compensate for 0.04
amperes leaving 3.16 uncompensated. The
power factor will then be improved from
0.8 to 0.g6%. The line current will be 12.6
and the capacity of the condensor required
will be only 48 microfarads instead of the
73 required to make full compensation.
If we compensate any further than this, the
cost of the condensors and accessories will
be more than the saving in the cost of
supply.  As maximum-demand indicators
do not as a rule differentiate between

Eks BELectrical Co., Ltp., ror THE WalkareMoaNa Hybnro ELECTRICAL SCHEME IN NEW ZEALMND,

lagging and leading current, care must be
taken that the leading current taken by
the condensor when the lagging current is
small does not increase the maximum
demand,

Switching Arrangement for Condensor.
Fig. 13 shows a condensor built
by the British Insulated and Helsby
Cable Company, designed to work at
a pressure of bvo volts. At 50 cycles it
has an input of 312 kVA.  Where a high-
tension transformer is employed to step
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down the voltage to supply an induction
motor or other apparatus, the question
arises as to whether it is best to install a
condensor of small capacity on the high-

tenston side or a
condensor  of  larger
capacity on the low-
tension  side, One
advantage of putting
the condensor on the
low-tenstor side is that
it reduces  the load
supplied by the trans-
forimer, so that asmal-
ler transformer can be
used  and its  losses
arc rather less.  More-
over, the switching in
and out of the conden-
sor can be carried out
at a  low pressure,
Where the low-tension
supplyis at 440 voits,
it 1~ worth while to use
an auto-transformer to
raise the pressure to
600 volts for the con-
densors, The low-

C
A

/200 AW

tension

677 o,

Fig 17.—Snowixe How
T0 CALCULATE THE RE-

QUIRED  kVA. oF
SyYNCHRONOUS  MoTtor

A

SHOWING THI CONSTRUCTION OF THE 151D MAGNET OF THE 10,000 KV A, SYNCHRONOUS

Movor Frrrep Wirh A DaMpPER To PrEvENT © HUNTING. (Metropolitun-Vickers Electrical Co.)

Helsby condensors are built to
withstand this voltage continuouslty, so that
it is cheaper to raise the voliage than to
use a larger capacity.

Fig. 13 shows the
switching arrangement
applicable to such a
case.

Over-excited Synchro-
nous Motor.

In cases where a
very  large  leading
kVA. is required it is
usual to install a syn-
chronous motor, which
can be over exeited
s0 as to take a leading
current, In some cases
a useful load can be
found for this motor
and then the money
spent on it is better
worth while, For in-
stance, we may have
a coal mine with a
large number of motors
whose average load
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makes the power factor rather low. it
isintended to install a large motor to drive
a ventilating fan, that motor can with
advantage be a synchronous one, and by
over-exciting it, we may compensate for
the lagging current taken by che small
motors.

One very important use of the syn-
chronous niotor in controlling power factor
is in connection with long distance trans-

missions.  The inductive drop on a very
long transmission line  would lead to

abnormal variations of the voltage with
changes of load. I, however, we insta'l a
synchronons motor at the load end of the
line and control the excitation by means of
an automatic regulator, the motor draws
leading current whenever the volts tend to
fall and lagging current when the volts
tend to rise, and thus keep the volts on the
load almost steady.

IFigz. 15 shows a synchronous motor, built
by the Metropolitan-Vickers  Electrical
Company for the correction of power factor
and line regulation on the Waikaremoana
Hyvdro Electric Scheme in New Zealand.
The small exciter shown on the right has
a steady voltage and supplics the exciting
current for the main exciter shown at
the left-hand end of the shaft. This
current s increased or reduced by an
automatic regulator controlled by the
voltage on the A.C. mains so as to keep the
latter almost constant.  The main exciter
thus over-excites the field magnet of the
svnchronous motor when the volts tend
to be low, and under-excites it when the
volts tend to be high. The motor will
take anything up to I0,000 kV.\. leading
current  at II,o0o volts, 50 cycles or
anything up to 6,500 kVA. when supplyving

1779

lagging current.  Fig. 16 shows the con-
struction of the ficld magnet with its amor-
tisscur or damper which prevents phase
swinging or ‘ hunting.”

How to Find the Rating of a Synchronous
Motor.

In order to find the rating of a motor of
this kind when it is required to improve
the power factor between certain figures,
and at the same time yicld a definite
useful load, we can make use of a diagram
like that in Fig. 17. A vertical line repre-
sents real power. A horizontal line drawn
from the origin o to the right represents
wattless lagging kV.A. One inch represents
500 kKV.A.

Suppose that the load in a coal mine is
1,500 kVA. at 0.8 power factor, OA will
represent the true load of 1,200 kw. and
OB will represent  the kVA. of 1,500.
The lagging wattless kVA. is goo kVA.
given by ARB.

Suppose now that it is desired to install
a ventilating motor that will require
200 kw., to drive it, and it is desired at the
same time to improve the power factor of
the whole load from 0.8 to 0.9. Set off the
additional 200 kw. by the line AC giving
a total load of 1,400 kw. Now set off the
angle COD=:25" 50" which is the angle
whose cosine is 0.g. The horizontal line
€D then represents the amount of wattless
lagging current when the power factor is
0.9. Now join DB and the length of this to
scale gives the kV.AL rating of the motor
required. In this case the leading wattless
kVA. required will be goo —677 = 223
kVA. and the true power to drive the
motor is 200 kw.  So the total kVA. will be
N223f 300 kV.\.

200°
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HOW TO START AN ELECTRICAL
BUSINESS

By D. W:NTON THORPE, AM.IEE.

g, 1.— INTERIOR OF A TYPICAL ELECTRICAL CONTRACTOR'S OFFICE

(PPhoto by courtesy of Messrs, Troughton and Young, Ltd.)

NYONE who is asked to write an
A article on the subject of starting
in any business is faced with an
unenviable task. He may, tor instance,
lead the reader to imagine the life of the
clectrical contractor to be one which is
divided between riding about in a Robls-
Royce and attending board mectings at a
mahogany table while smoking a agar ;
or he may give the reader a glimpse of a
hatf-starved contractor wearing out his
shoe feather in the fruitless search for a
customer who will, at least, allow him to
change a  fuse. Neither necessarily
resembles the reality,

Two Facts to Remember.
When a voung man decides to start

‘o«

business “on his own’ a- an electrieal
contractor he must keep two facts well in
mind.  The first is, that he is golng into
business in order to ecarn a living ; not
merely for the fun of secing his cwn name
in gold lettering above his premises ; not
merely: for the privilege of ordering other
folk about ;  not merely because it will
afford him an opportunity of sratifying
his  techinical tendencies n congenial
circumstances 5 but for the purpose of
making money.  And the second fact is,
in a sense, contradictory. It ix because he
has a natural or acquired hent, supported
by technical qualifications. for electrical
installation work of every description
These two ingredients are essential to the
proper and suecessful  conduct of any
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cleetrical contractor’s business. A man
who can make a success, commercially
speaking, out of the sale of pork sausages,
might, if he turned his attention to the
business of electrical contracting, make a
temporary snecess of that business as well,
but his  technical shortcomings  would
assuredly tfind him out sooner or later ;
simitarly, the brilliant electrical techni-
cian may come to grief if he tries to start
and run an electrical contractor’s business

without keeping before his eyes .the
phrase, " You are doing this for a

living.”

Be Prepared for all Kinds of Jobs.

It is as well to disabuse oneself of the
idea that the clectrical contractor is a
wiring contractor only. Wiring may, or
may not, represent the bulk of his business,
but, unless he is prepared to take things
as they come—advise on the running cost
of an electric heating system in  the
morning, and install a 3-phase motorin the
afternoon—he will find that his imitations
will be his downfall. T do not wish to be
misunderstood ; although it is very desir-
able that the contractor should himself
know all about everything to do with
clectricity, it is not always possible for
him to have this complete knowledge when
he starts: but he must be ready to
acquire such knowledge through his ex-
perience and, while he is acquiring it, to
have someone to turn to who can put him
right. In order that he shall in time be
able to acquire this knowledge, he must
have a good deal of fundamental know-
ledge of the subject of electricity.

Don’t be Discouraged by Failure.

He must not, in the early days ot his
venture, be casily downcast by failures of
a technical nature ; whatever he may sav
to his customer he must be prepared to
admit to himself that he was in the wrong,
or carried out a job in the wrong way, if
this was the case. By so doing, his sad
experiences — and  let me  assure my
readers, these sad experiences do occur—
will be of enormous value to him. In fact,
1 think 1 might safely suggest that he will
not be able to do a particular job right
until he has explored practically every
way of doing that job wrong. Again, 1
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must qualify this statement; for, after he
has satistied himself as to the correct way
of doing a particular job, he must then
open his mind for the reception of new
ideas which will improve on the right way
of doing it. In short, he will find that
first he must do the job wrong, then he
must do the job right, and fnally he must
do the job better.

The First Problem.

We must assume that the would-be
clectrical contractor has at least some
money with which he intends to start his
business.  The first real problem with
which he is faced is the decision as to
whether he shall buy a going concern or
whether he shall start an entirely new
business. Let me take the former case
first.

Taking Over an Existing Business.

The existing business will have a certain
amount of goodwill waiting there ready
for him to pick up; that is to say, there
will be a certain number of customers on
the books. But it must be remembered
that if the goodwill is great, then he will
have to pay ‘‘ through the nose ™ ; and
if he has only a little money, and can only
contemplate the purchase of a business
within his means, then that goodwill is
not likely to be very large. He will also
tind some organisation and some machinery’,
in the abstract sense, waiting for him.
But here, again, if he be a man of ideas,
he will probably find himself remodelling
that organisation and that machinery.
He may find a staff waiting to be taken on
by the new proprietor, but unless that
staff satisfies him he-will not retain it.

Profits may not Vary Much.

The amount of money he will have to
pay for the business will be directly pro-
portional to the amount of profit that
business was making in the two or three
yvears previous to the sale, and unless the
new proprietcr does something sitly or
something brilliant, the chances are that
the profits of that business will remain
much the same. This means that in buying
a going cencern, the new proprietor is
making an investment which has a certain
element of security, and therefore rather
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less ultimate possibilities. It would be
absurd to suggest that in buying a going
concern the new proprietor is debarred
from turning it into a highly profitable
business ; but in celation to the alternative
of starting anew venture, I think it is fair
to say that the going concern represents
rather more  security and  rather  less
- peculation,

Starting a New Business.

In starting a new business, however,
the speculative or gambling clement is
self-evident.  The ditficulties are greater,
but so are the possibilities. T suppose that
the majority of voung electrical con-
tractors starting in business for the first
time adopt this method largely owing to
the thrill, which must exist in most human
beings, at the prospect of a little ** flutter.”

The Question of Partnership.

Another problem which arises in the
carly stages, or betore the early stages, is
that of partnership.  Ignoring for the
montent the question as to whether the
business is a limited liability company or a
firm-—-for two directors of a linnted com-
pany are very similar to the partners in a
firm --the young contractor has to con-
sider whether he wishes to carry on the
business entirely on his own and take all
the profits which mayv accrue, or whether
he wishes to share the responsibility and
the profits, It is a decision which must be
reached, and no one is really competent
to advise on such a matter.

A Word of Warning.

Nevertheless, 1 should like to offer the
advice that there is a great deal of differ-
ence in the relationship of partners and the
relationship of friends. Two friends can
make good partners; two partners can
remain good friends.  But because a man
has a very great friend, it does not follow
that those two will work satisfactorily in
double harness at the same business,
There 1s, T know, a very great tendency
to feel that * George and 1 are such good
friends, we are sure to get on magnifi-
cently together if we go into partnership.”
Now a young contractor has met George
on the football field ; at dances; they go
to one another’s houses ; they discuss the
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Budget together ; in fact, they think that
they have something in common in every
sphere of activity. Unfortunately, they
have not tried sitting opposite to one
another in an otfice and discussing the
daily problems which arise in any business
when they do so they may find that they
still sce eyve to eve, but it is probable
that they will tind a partnership dis-
astrous to friendship and business alike.

Importance of Choosing the Right Partner.

No, the partner nwst be chosen not
because he is a good centre-forward or a
good conversationalist round the tire ;
he must be chosen with an enormous
amount of care ; preferably so that he
does not overlap the contractor in either
technical or business knowledge.  An ideal
partnership, for instance, 15 that in which
one of the partners is the business man.
and the other is the technical man.  Alter-
natively, one may be a wiring expert, and
the other may be good at power work.
Where their qualifications and, therefore,
their duties are independent. cach problem
which arises will automatically fall into
the provinee of one or the other; since no
two people can have similar opinions on
cvery subject honr after hour, day atter
day, week after week, month after mouth.
and year after vear, it is very unlikely
that two people with precisely similar
qualifications  will  either  get on well
socially or make a technical or commercial
success of their business. 1 partnership is
desirable then perhaps the best method is
for the contractor to start in business by
himself and not take in his partner until
he has run the business by himself for a
short while,  He will then understand
rather more readilv what 1 am driving a
here.

STARTING IN BUSINESS.

I have alrcady discussed the relative

merits  of buving a going  concern
and starting a new venture.  Those

problems which arise in the carly dayvs of
business apply  chietfly to the latter
procedure, though they do, in lesser
degree, arise with the new proprietorship
of an established business. What follows,
therefore, refers more particularly to the
activities of a person who has just taken
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his place at an empty desk behind a newly
painted shop or office door and who is
strange to the business,

Advantages of a Showroom.

The showroom, if there be one, will
simplify the problem of these early days ;
for customers will start to drop in auto-
matically, if only to find out what the
new shop (" Second turning to the right
and opposite the pillar-box, my dear 7y is
like, and will buy his or her lamp. There
is no need to emphasize the necessity for
promptitude  and courtesy  with  these
carly customers ; for any man starting in
business naturally: exerts himself to give
satisfaction,

Don’t Cut Your Prices.

But there is need of a word of warning
against that bane of business which is
always cropping up-—the tendency to cut
prices in order to " get in.”  This is fatal.
It will not materially affect the turnover,
and it will materially affect the profits ;
in some cases it will even put the customer
off.  He will think that there is a catch ;
that the merchandise is not good; that
the method ot trading is not quite so
straightforward as that of other electrical
retailers. 1 know only too well that
paralysing fear which grips the man new
to the business, that he will miss the sale
unless he wraps it up with some attractive
discount ; but he must withstand that
temptation. It is very unlikely that the
offer of a discount will affect the sale :
and if it does, why then he is Detter
without that sale.

Why You Should Give Credit for Small
Purchases.

On the other hand, I have found that
another form of philanthropy does pay ;
and that is, to be very free with credit
for small purchases. If a customer buys
a lamp for 1s. gd. he may pay for it over
the counter and leave the shop without
any well-formed impression of the name
and address of that shop. If, on the other
hand, the contractor offers to “ put it
down 7 he immediately achieves several
very desirable results.  In the first place,
the spirit of contidence is likely to be
returned to his advantage. In the second
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place, he gets a record of the customer’s
name and address, a record which may be
very useful to him in any circularising or
personal canvass he may subsequently
wish to undertake. In the third place-

and I am inclined to think that this is the
most important of the three—he gets an
advertisement into that customer’s house ;
for it is undcubtedly a fact that any
letter-heading, invoice-heading, or state-
ment of account has a detinite advertising
value and is, in some cases, as good as a
circular.  For whercas the latter is usually
thrown into a wastepaper basket, the
former is more apt to be put into the
householder’s pocket and taken thence at
intervals and looked at with the excla-
mation—"* I really must pay that bill.”

A Business Which Has No Showroom.

Now all that T have just said in relation
to trading with a showroom applies with
equal effect to the case of an electrical
contractor’s business which has no show-
room ; but, instead of the casual purchase
ot a lamp, we must substitute, perhaps,
the changing of a fuse at a customer’s
house.  What does not apply, however, is
the automatic initiation of business rela-
tions with potential custonters in the
district ; for, while the showroom cannot
fail to attract a certain number of casual
customers, a man who has started in
business as an electrical contractor with-
out a showroom may continue to exist for
many months before anyone will know of
his premises or his telephone number,
unless he has taken steps to make these
things known to the local residents.  How
is he to do this ?

How Can You Make Yourself Known ?

A young electrical contractor can make
himself known by one or several of the
means at his disposal. (1) He may
circularise the district ; (2) he may carry
out a house-to-house canvass of the
district ; (3) he may advertise in the local
press; or (4) he may place a large sign-
board outside his premises and sit behind
his desk waiting for customers. The last-
named procedure condemns itselt, except
imsofar as the signboard is concerned,;
though even here it is very doubtful
whether a business trading without show-
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