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I YOU CAN HAVE A COLLEGE
STUDY TRAINING IN ALMOST ANY
AT CAREER FOR A FEW
HOME SHILLINGS MONTHLY

LET ME BE YOUR FATHER

S
Unleas vou are in touch with all Wi DO NOT PROFESS TO
branches of industry, vou cannot ; ACT O AS AN EMPLOYMENT
see the possibilities of employ © VGENCY. BUT  WE  CER

ment, but with our gigantic TAINLY ARE IN A IOSI-
organisation  we  are in touch TION TO GIVE FATIHERLY
with every sphere of activiy ADVICE ON ALL CAREERS
and we  know  that in many AND THE POSSIBILITY OF
trades and professions there are EMPLOYMENT THEREIN.
more vacancies than there are
rained men to fill them.

WE teach by post all branches of

the following vocations and
specialise in all examinations connec-
ted therewith. Ouradviceis
always Free.

o Mine Electrician :
E M AMELE. L.
TH Mining (all examinations).
Motor Engineering :
coR Heat Engines. A.M.IAE.
Heating, Ventilating and Municipal and County
; Lighting. Engineers :
Commercial Art. Internal Combustion Engines M. and C.E.
Concrete and Steel. Machine Designs : Naval Architecture.
) ) . Draughtsmanship : Theory of Machines. Fumps and Pumping
Awviation Engineerine. Electrical or Mechanical Engineering Machinery.
Boiler Engineering. Mechanical. A.M.Inst.B.E. Radio Reception.
Beiler Ma’ing. Electrical Enzineering : A.M.[.Mech.E. : wipBuildine.
B.Sc. (Engineering). .M.LEE. City and Guilds. Structural Engineering.
Civil Engineering : City and Guilds. Pattern Making. Telegraphy and
A.M.l.QE. o Engineering Mathematics. Mechanics. Telephony.
Quantities—Specifications. Foundry Work. Metallurgy of Stee!. Transport
IF YOU DO NOT SEE YOUR OWN REQUIREMENTS ABOVE, WRITE TO US ON ANY SUBJECT.
DO NOT DELAY
WE TEACH BY THERE MAY BE CHANCES FOR YOU U CEiTrs
POST IN ALL PARTS TO-DAY FOR WHICH YOU MAY BE ’ NOTHING TO
OF THE WORLD TOO LATE TO-MORROW. EVERY ENQUIRE

DAY COUNTS IN A MAN'S CARFFR |

Aikee or cuarce THE HUMAN MACHINE SE82s.0F

Note Address Carelully :

The BENNETT COLLEGE, Ltd., Dept. 190, Sheffield
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& P. CABLES

Our manufactures include Paper Insu-
lated, Lead Covered, Armoured, for pres-
sures up to 33,000 volts ; V.L.R. Insulated
Wires, Cables and Flexibles, Semaphite
Cables, Vulcanised Bitumen and Elastumen
Bitumen Cables for Mines, etc.; Tough

. A s Rubber-sheathed Cables for Dredging
J. & P. occupy a unique position in that Plants and Mobile Tools, etc.; Ship In-
they are able to undertake undivided stallation Cables, etc., to the standards
responsibility for the supply of complete of the Cable Makers’ Association, of

. which we are members.
equipment for the electrification of

factories and works. J. & P. SWITCHGEAR

May our engineers discuss your present We manufacture all types of switchgear

/ g q )’ p for A.C., E.H.T. and L.T., also for con-
and future works electrification problems tinuous current ; Draw-out Truck Type,
with you? Ironclad Type, Cubicle Type, Flat Back,

etc., etc; Oil Switches, Knife Switches,
etc., Outdoor Switchgear and Kiosks.

J. & P. TRANSFORMERS

We were one of the first firms in Great
Britain to manufacture Static Transformers.
To-day our service and reputation are, in
this direction, world-renowned.

Johnson & Phillips Ltd.
Charlton, London, S.E.7

BRANCHES THROUGHOUT THE PROVINCES AND THE EMPIRE
Q
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THE LITERARY WEEKLY

; Iwui ;

“TOHN'C ]_ON DONS
WEEKLY

and THE OUTLINE

Intelligent Discussion

§ If reading merely tends to fill the mind of
the reader with a mass of already digested
information, it is not serving its true purpose.

¢ JOHN O’LONDON’S WEEKLY is particu-
larly valuable in stimulating thought on any
subject under discussion.

¢ JOHN O’ LONDON’S WEEKLY does not
merely state conclusions—it marshals the
facts in support of the case and proves the
fallacy of arguments against.

1 JOHN O’ LONDON’S WEEKLY will keep
you in touch with the problems of the day,
and enable you to form reasoned opinions
that demand respect.

EVERY SATURDAY: TWOPENCE

Six months’ Subscription 6/9, from the Publishers, George Newnes Ltd., 8-11,
Southampton Street, Strand, W.C.2

George Newnes, Ltd.
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The Symbol of

-

Swmble Deck
Trolley Bas

132 Q00 Volt Switchgear
Central Electricity Board

Ship Propulsion Equipment

Talking Film Equipment

LondO'

PRODUCTS

include

Turbo-generators
Turbo-compressors
Turbo-blowers
Transformers
Switchgear

Converting Machinery
Mercury Arc Rectifiers
Traction Equipment
Industral Motors
Control Apparatus

Photo-electric Cells
Magnetos

MAZDA LAMPS

60,000

fler
ﬂ”lul\ Electric Raway

Quality and Reliability
in" Electrical Equipment

throughout the World

Substation

—

“Turbo Electric Liner
$S Strathnaver

xva 132,000 Voit

¥ Transtormer for Central
Electricity Board

k

- <t .. X

' AERIAL VIEW OF MAIN WORKS Y

OF THE B.T.H. CO. AT RUGBY =

o
M
‘J‘

he Britis

h Thomon-Houston Co. Ltd,, R

ugby, England

A1323
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lNTERNATlONAL
ELECTRIC CLOCKS

AND

TIME RECORDERS

SEND FOR YOUR
FREE COPY OF

«“ AUTOMATIC TIME
SUPERVISION

IN EVERY DEPARTMENT
OF BUSINESS ACTIVITY.”
The 1933 Booh of

Latest Timing Devices.

Electrical Engineers should know the

purpose of the third wire in the
International Electric Time System.
Write to :—

INTERNATIONAL TIME RECORDING CO., LTD.
International Works, Beavor Lane, London, W. 6.
112, Strand, W.C. 2.

London Showrooms 8

Insulation troubles you can forget
by using Spicers’ Sistoflex

'SISTOFLEX

(REGD.)
BRITISH MADE
|

'NSULATING SLEEVING

0.5 m.m. to 30 m.m.
USUAL COLOURS

SUPPLIED ONLY BY

PICERS

LIMITED

INSULATION DEPARTMEN1

19, New Bridge St., London, E.C.4

Telegrams : Telephones :
“A\ykopmg l-ud City 6251
Extension 49

, London ”

THE BEST OF
OPPORTUNITIES

More than 430,000 men have studied 1.C.S. Elec-
trical Courses since 1894. A very considerable
percentage of them now hold important and well-
paid positions. The reason for this is that these
Courses are absolutely the best in the world,
having been specially prepared and constantly
revised for correspondence tuition by many
experts of very high standing at a cost, exclusive
of printing, of more than £80,000.

If vou wish to make rapid progress in the wonder-
ful and fascinating field of electricity, you owe it
to vourself to obtain all particulars of I.C.S.
Training and what it can do for you. Among our
Courses are the following—

complete Electrical Engine and Dynamo

Engineering Running
Electrical Designers Lift Operation and
Hydro-Electric Maintenance

Water-Power Electrical
Mining Electrical
Practical Telephony
Wireless Engineering
Professional Exams.

Write to-day for our 80-page FREE BOOKLET,
“ELECTRICAL ENGINEERING"

stating the subject in which you are most interested

International Correspondence Schools, Ltd.
288 International Bldgs., Kingsway, London,W.C.2

Electric Lighting
Electric Traction
Steam Electric
Gas Electric

Engineers’ Guide
containing the widest selection of

engineering courses in the world

Study at home with The T.I.G.B. fora
well-paid post. Become an AM.IC.E..
AMIMechE., AMILEE. efc. Trainiog
until Successtul ts Guaranteed. WRIIE
Now for Free Guide. siating branch, non
éulllﬂcl(lon that interests you,
TECHN;LOGICAL XNBTII'UTE OF

[2)
221, Temple Bar House, London, E.C.4.
Founded 1917. 18,000 Successes.)

To Success

The New Paper for The New Hobby

Everyone interested in Home Movie

Making will welcome this brightly

written and fully illustrated monthly
magazine.

HOME MOVIES

and Home Talkies
SIXPENCE

Obtainable at all N ts, Bookstalls and Dealers. or post free

73d. (Subscription rates : In[and and Abroad, 7: . per annum ;

Canada, 7s. per annum), from George Ncumcs. le 8-11,
Soul;: mpton Street, Strand, London, W
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ONE OF THE GREAT SERIES OF LEWCOS RADIO COMPONENTS

1

i e B AR W

Is

qualjt

Wor
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C

ra

—~ Sl

S Lentr . S’ t I. k-

ticulayy, . *PPed apg -'<"al  TO RADIO MANUFACTURERS

Hets‘ Uitabe for SS Par-. We are able to produce Radio
Uper. Components and supply wire for

radio windings to any specifications.
Full particulars on application.

THE LONDON ELECTRIC WIRE COMPANY AND SMITHS LIMITED, CHURCH ROAD, LEYTON, LONDON, E.10-
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This book will enable vou to attempt research and
experiments which without it would probably remain
untried. The author has the gift of explaining ’
abstruse subjects in a simple fashion. Fully Illustrated.

i An Essential Book
|

f| THE MATHEMATICS
| OF WIRELESS

“ By RALPH STRANGER
| 5/.
I
Obtainable at all Newsagents and Bookstalls, or by post ss. 3d. from George Nesomes Ltd.,
’ 8-11 Southampton Street, Strand, London, W.C.2
|

Geo. Newnes, Lid.
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Radio Components

Fundamentally sound in every sense,
Lewcos precision-made components
owe their superiority to their
creators’ long experience as first-
class wire-manufacturers. All Descriptive Literature
reputable dealers stock and con- of the components you
fidently recommend Lewcos need® will be supplied

components of every type. osulgl??itaynd!)::t R:"Eﬁo

THE LONDON ELECTRIC WIRE COMPANY AND SMITHS LIMITED, CHURCH ROAD, LEYTON, LONDON, E.10
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Plug in to Greenwich time

—with a clock that

needs no winding

or keeping right . . .
UT an end to all time-keeping worries

in your home. Let vour electric
mains both run vour clocks and keep them

true tQ Grccn\\lch from now on with no ?{ov?;ron A neat and modern  design.

attention or anx1cty, no thk or bllZZ, no eigh (41}‘.\11&1 (\)\11‘:1111 7.A‘ in., Dial 34411% diam.

batteries or master clock— at a cost of less Inlaid Mahogany .. .. 52/8
Inlaid Walnut ., .. .. 52/8

than a penny a month per clock for current.
Smith’s Svnchronous Electric Clocks are
all Britisly, individually tested and fully
guaranteed. They will give true time for
generations and are offered in a very wide
variety of handsome cases for wall and
mantel use.

NOW FROM 30/-

The panel on the right illustrates new
models at most attractive prices, but for
the full range, including gong strike and

C . : ok . CHALFONT.— 4 pl large dial, and
chiming models, please cnquire at YOUr  ieraceiul numeratd make this miodel extscrcly
nearest Jeweller, Electrician or Radio 1 opular. Helshtﬁgsmmmd\: idth o} in., Dial

o RdYm _ by DA Oak ,. .. 87/8 Mahoganv .. 92/8
Dealer, or write to-day for IFREE Art Walnut and Ebony .. 110,- 4

Brochure to :(—

SMITH’S ENGLISH
CLOCKS, LIMITED

179-185, Great Portland Street,
London - - - W.1

Telephone: Welbeck 7916

For use on A.C. mains with time-controlled
Sfrequency only.

GLAMIS.—A clock of noble proportions in
specially selected woods. HugM 9} in.,
Width 9§ in., Dial 5} in. wide
Walnut .. .. 1§/-
Walnut and Macassar . . 117/8

100°/, BRITISH

Scientific
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\1\\\“ A MONTHLY SURVEY
~ OF MODERN PRACTICE IN ELECTRICAL ENGINEERING
VOL. | JANUARY, 1933 No. 5

Published by GEORGE NEWNES, L.,
8-11, Southampton Street, Strand, London W.C. 2.

Telephone— Temple Bar 7760
Telegrams—*“ Newnes, Rand, London"

Price - 1/- Month!y
Yearly Subscription, 14/- Post Free
6 months’ Subscription, 7/- Post Free
Registered for Tr ission by C. ian Magazine Post
Canadian Rate: Yearly Subscription, 13/6 Post Free
6 months® Subscription 6/9 ,. .

N a recent letter to a contemporary
a correspondent states that after
college training and an appren-
ticeship with a well-known company,
the only prospects he could see for a
young man in the electrical industry
were as a canvasser for vacuum cleaners
or water softeners. Are matters really
as bad as that in the industry ? Em-
phatically no.

In the electrical industry there is less
unemployment than in most of the other
important industries of the country.
Here are a few typical figures :—

Coal Mining 349%, Iron and Steel Manufac-
ture 48%, Marine Engineering 569, Electrical
Engincering 16%, Electrical Wiring and Con-
tracting 179%,, Electric Cable and Lamp Manu-
facture 109,.

The average uncemployment in all
industries is about 259, so that the
electrical industry is amcngst the more
fortunate.

Other bright spots in the industrial
horizon are :—

Hosiery Manufacture 8.59,
Cocoa, Chocolate and Confectionery Manu-
facture 129%,, Tobacco Manufacture 6.99,,
Printing 10.5%, Tram and Omnibus Services
6.4%, Commerce, Banking, Insurance and
Finance 5.6%,Laundries, Dyeing and Cleaning g9,
Paint and Varnish Manufacture 1o0. 5%.

In every one of these industries there

Dressmaking 89,

1s scope forextended use of electric light-
ing, electric heating, and electric power.

A special feature of this

An ) issue is an account of the

All-electric  electrical equipment ir-

Printing stalled at the Newnes and
Works.

Pearson Printing Works,
where millions of periodi-
cals are printed and bound each week.
Electricity is used throughout the
works, not only for lighting and power,
but also for heating the monotype cast-
ing machines, the moulding presses, the

-nickel-plating vats and other appliances.

Twelve years ago there was not a single
electric lamp in the works. To-day the
current consumption is in the neigh-
bourhood of 1,000,000 units a year. Ard
1t is recognised as one of the most pro-
gressive in the country.

The photo electric ir-
scttcr and the Gigant
moulding press described
on pp. 215 and 221 respec-
tively, are two examples
which give a glimpse of the still unex-
plored possibilities of electrical engineer-
ing when intelligently applied to the
problems of the industrial works and
factory,

Fresh Fields
to
Conquer.

b
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EMERGENCY (DuAL) LIGHTING IN
THEATRES AND CINEMAS

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

This article is of special interest to the Cinema and Theatre Ergincer
and the Electrical Contractor, more especially in those districts where
there is ro  Theatres mcin® to provide an alternctive lighting supply.

Compulsory Dual
Lighting in
Theatres and
Cinemas.

N theatres,

I cinemas,

concert halls
and similar places
of public enter-
tainment a dual
system of light-
ing {from inde-
pendent  supply
systems is com-
pulsory by
statute. This
lighting must
comply with the
requirements of
the local licensing
authority.

Home Office

Requirements.

The Home
Office insists In
its regulations :
(1) that in any
theatre or cinema
there shall be an
adequate number
of safety or emer-

Reference.—D, distribution box. K,

%

"
<

4
"
N
3
&

Fig. 1.—TYPICAL INSTALLATION OF SAFETY LIGHTING SUPPLY JKQUIPMENT
(" KEEPALITE " SYSTEM) AT A DPROVINCIAL

CiNEMA. (Chloride Electric
Storage Co.)
' Keepalite ” control panel. R,

T, transformer for safety lights.

enc lights rectifier. S, switch and fuses.
gvhichy mus% Do NoTE.—The connections are sho“ n in Fig. o.
illuminated the

whole time that the public is present
in the building; (2) that these lights
must be fed from a source which
is entirely independent of that of the
main  auditorium lighting. In the

majority of cases the main lighting is
taken from the local electricity supply,
which arrargement necessitates another
separate source of supply for the safety
lights.
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London County Council Require-

ments.

In London the London County
Council requires that in the
auditorium or main hall the

degree of lighting on each of the
dual systems shall be not less
than is sufficient to enable the
public to see their way out of the
premises at any time. In other
parts of the building to which
the public has access, good general
lighting must be provided, but
on neither of the dual systems
must the degree of lighting be
less than is sufficient for the
public to see their way out of the
premises.

How Independent Supplies are
Obtained in London.

IFormerly, in London, alterna-
tive supplies for the main and
safety lights were obtained in
many cases from two supply
authorities operating independent
(i.c., non-interconnected) generat-
ing stations. But on account of
the unification scheme for Lon-
don’s electricity supply such an
arrangement is not now always
possible.

London’s ‘¢ Theatres Main.”’

In the case of the majority of
the London West End theatres
this specially approved independ-
ent source of supply takes the
form of a special ““ theatres main,”
which is entirely independent
of the ordinary distribution net-
work (from which the ain
lighting is taken) and is fed from
an independent source at the
substation.

How an Alternative Supply is
Obtained When Special Mains
are not Available.

Where such special mains are
not available a separate source of
supply must be installed on the
premises and for this purpose
the storage battery is unequalled

AC
Ii

Motor-Generator

e

¥

Fig. 2.-— FLOAT-
ING BATTERY AND
D.C. GENERATOR
SYSTEM OF SUPPLY-
ING SAFETY LIGHTS.

Note.—The end-
cell regulating
switches are not
shown.

P

Sifety
Lignts

Battery

9 Overcurrent
e &Reverse

for reliability and economy. Fig. 1
shows a typical installation at a
cinema.

London County Council Require-
ments When a Storage Bat-

tery is Used.
Unless the
Council agrees
otherwise, any

storage battery
which supplies
cither of the dual
lighting  svstems
must be capable
of maintaining the
full load on that
system for at least
twelve consecutive hours. Such
a battery must be fully charged
before the public are admitted
to the building, and must not
be recharged while the public
are on the premises. More-
over, the circuits and switch-
gear must be such that the
battery cannot be charged
while it is connected to the
lighting system.

Subject to certain restric-
tions, the Council may accept
“floating "’ or (in certain cases)
‘“ trickle-charged * batteries of
a considerably lower capacuy
than that indicated in the
preceding paragraph. In these

casesthesizeof thebattery
is usually such that the
full load on the lighting

Circuit
breaker

Fig. 3—How THE TRICKLE

AND HIGH-RATE CHARGING

CURRENTS ARE OBTAINED
FROM A RECTIFIER.

The trickle-charging cur-
rent is adjusted to the cor-
rect value (read on the milli-
ammeter) by the lamp re-
sistances, I.. The high-rate
charging current is adjusted
to the correct value (read
on the ammeter, A) by the

resistance, R, this circuit
being controlled by the
switch, S.
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system which it supplies can be maintained  This recharging s effected from the
for a period of three consecutive hours, rectifier.
Floating Batfery System of Supplying End-cell Switches.

Safety Lighting. End-cell or regukating switches are

A floating
battery 1s one
which,  being
fully charged, 1s
connected in
parallel  with
direct-current
plant  (genera-
tor or rectifier)
and 15 nor-

necessary in the
battery circuit
for the purpose
of adjusting the
number of cells
in  circuit  so
that in normal
operation  the
voltage of the
battery

mally  inactive 0/"6{‘:}‘}’”.9 balances  that
i.e., 1t is of the rectifier.
1(10ithcr dis- Arimbbstre In some in
charging nor stallations
being charged), 9 these switches
the voltage of are provided at
the battery both »ositive
always balanc- Lock-off and n((legati\‘c
ing that of the Contacto ends of the
gencrator, battery in order
that all the
Floating Bat- regulating cells
tery and may be brought
Rectifier. into use by
As anplied to using the cells
a theatre or a at the positive
cinema in Lon- and  negative
don the battery ends on alter-
floats across a nate days.
rectifier  which
is connected to, Floating Bat-
and  normally tery and
\‘u})})llcs, the Fig. 4.——-STANDARD * KEEPALITE "' CONTROL PaNEL wiITH - Generator.
safety or secon- Covir REMOVED. (Chloride Eiectvical Storage Co.) Some local
dary lighting The cinema panel is fitted with a triple-pole contactor authorities
system, The  instead of the double-pole contactar shown in the illustra-  311ow th e

rectifier is con-

tion. The ““ mains 7 switch is a double-pole switeh for

isolating purposes.  The ** charge ” switch is a single-

battery to be
floated in
parallel with a
D.C.

Ilt‘CECd to  the pole switeh for high-rate charging. The *' lock-off " s a
ACL supply mechanical device for locking the contactor in the * off
system  which or neutral position shown in the 1liustration.

supplies the

main highting.

In the event of the supply failing, the
safety lights are supplied by the battery
without any interruption of the lighting.
Upon the restoration of the supply the
lighting is again supplied by the rectifier,
and the battery again floats across the
rectifier.  The battery must, of course,
be recharged at the earliest opportunity.

generator

which is driven
by a motor receiving power {rom the mai s
from which the main lighting is supplied.
In this case a reverse-current circuit
breaker must be provided in the generatcr
circuit to prevent the battery discharging
into the generator in the cvent of the
failure of the supplv to the driving motcr.
I'ig. 2 shows the scheme of connections. End-
cell switchesare alsonecessary in thiscase
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TABLE [.—PaRTICULARS OF BATTERIES FOR STANDARD CINEMA SAFETY LIGHTING EQUIPMENTS
(" KEEPALITE "’ SYSTEM).

I

Voltage of

Equipment | Number | cmergency
reference I of cells, lighting —_—
No. circuit. 1 hour
I discharge.
| |
1 | 14 2 | 15
2 | 20 50 | 15
3 ] 20 50 30
+ 20 50 45
5 ‘ 20 50 6o
6 50 100 45
7 50 100 6o
3 50 100 9o

Anmpere-hour capacity of

Total load in kW.
which the battery can

Battery. supply for—
‘ 3 hours 10 hours 1 ’ 3
discharge. | discharge. hour. hours.
| |
21 30 0.375 0.179
21 30 0.75 0.358
43 60 1.5 0.710
| 04 9o 2.25 1.075
[ 86 120 3.0 1.433
04 90 [ 4.5 2.15
86 120 6.0 2.806
129

180 I 9.0 l 4.3

Trickle - charged Battery System of
Supplying Safety Lighting (‘‘ Keep-
alite > System).

In this system the safety lighting is
normally fed from the public supply
system which supplies the main lighting.
But an awtomatic change-over switch is
provided which will instantly switch
the safety lights over to a standby battery,
which is normally maintained continuously
in the fully charged condition by trickle
charging. After an emergency discharge
the battery must be given a quick recharge
at the normal rate.

The battery must be of sufficient size
to maintain the safety lights for a period
of three hours.

With an A.C. supply system, low voltage
safety lights are used, which are normally
supplied from a transformer.

This system is used in a large number of
provincial theatres and cinemas, and a
typical installation is illustrated in Fig. 1.
Particulars of the batteries for standard
equipments are given in Table I, and the

Difficulties may then be encountered
in the charging arrangements unless a
three-wire supply system is available,

Trickle Charging.

This is a method of maintaining a
fully charged standing batteryin the fully
charged condition by passing a very small
charging current continuously (ie., day
and night) through the battery. The
current must just balance the losses
(e.g., sclf discharge due to surface leakage,
gradual sulphation, etc.) which occur in
the particular battery on open circuit.

By these means any tendency for the
electrolyte to combine with the active
material of the plates, and so cause
sulphation, is counteracted so effectively
that the plates never become stuggish,
and retain their full capacity for an
indefinite period.

Current Required for Trickle Charging.

The current required for trickle charging
is very small—only a few milliamperes in

ratings of the transformers for these some cases—as a modern Planté type

equipments are stationary battery

given in Table II. TABLE 1Lt N does not lose more
3 & JE IL—RATING OF TRANSFORMERS FOR CINEMA SAFETY .

\Vlth a I)C Licut  Circu x\r, Wity l},_ﬂn:m' li(;rw.\m.\'l's GIVEN  IN than 2 per ch?t'
supply  system, RN {h per day of its
however, the : } amperec-hour
cafotv 13 . quipment . q
safety lights and Reference No. | 1 | 2 1 3 | 4+ | 5 | 6 | » | s capacity at the
the batterysupply- in Table 1. f 10-hour rate.

ing them must be
suitable for the
mains  voltage.

Continuous Rat- |
ing of Transfor- I

|
% i

mer(volt-amps,| 200 | 375 | 835 | 1250 | 1500 | 2500 3000 | 4500
] | I

Thus, with a go-
ampere hour bat-

tery (to-hour rate)
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having an open circuit loss of 2 per cent.
per day, the loss of ampere-hour capacity
during 24 hours would be
2 8
oo X go I.
ampere hours, which must be compensated
by the ampere-hours supplied by the

to the required value by suitable series
resistances (usually lamps), and the high-
rate charging current is obtained by
switching a resistance in parallel with the
trickle charging resistance. Fig. 3 shows
the general scheme of connections when
a valve rectifier is employed.

charging current. <« Keepalite *’
Hence, the Automatic
charging current AL Supgly Switch and
= 1.8/24 =0.075 . Control
ampere, or 75 Panel.
milliamperes. Main Main The automatic
Inpractice, the Distributing Clreuits switch in the
currentisusually Board “Keepalite” sys-
fixed slightly on tem of safety
the liberal side lighting  fulfils
to take care of two  functions,

variations in the
open circuit
losses. The cor-
rect value may
be ascertained by
observation of
the specific gra-
vity, voltage, and
gassing of the
cells, as ex-
plained in the
later paragraphs

Charging
E quipment

TP.DT. Contactor

viz. : (1) It con-
nects the safe-
ty lights to the
battery when the
normal supply
fails; (2) it re-
connectsthe
battery to the
charging circuit
when the main
supply is re-
stored and main-

on maintenance. Wy tains the battery
Spring | continuously on
Charging T trickle charge
Arrangements. during  normal
The charging conditions.
arrangements A typical con-
will depend upon I trol anel is
the si;,c of I;he Alorm Circuit illustraI‘Zed in

battery and the Safety Lights Fig. 4. Thistype
nature of the of control panel
main supply. “‘||| | |||l|||"‘ is used in all
standard “Keep-
Charging from Battery alite” equip-
A.C. Mains  Fig. 5. ConnEcTIONS OF '* KEEPALITE ” A.C. Cixema  ments, and a
with Rectifier. EQUIPMENT. slightly  modi-
When the main fied form is
supply is alternating a rectifier outfit used in the cinema equipments.
is employed to provide both the trickle
charging current and the high-rate Connections of ‘¢ Keepalite” Cinema

charging current for the standard equip-
ments given in Table I.

How the Trickle and High-rate Charging
Currents are Adjusted.

The trickle charging current is adjusted

Equipment for A.C. Mains.

Fig. 5 shows the connections of a
standard cinema equipment in which a
transformer is used to supply the
safety lights. In all these cinema equir-
mentsthe automatic switch takes the form
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of a triple-pole

Connections  of

double-throw I 3-Wire ‘Keepalite”’
contactor, two  _ DC Supply Cinema
of the poles being Equipment
used for switch- for Three-
ing the safety wire D.C.
lights from the Mains.
transformer  to Iig. 6 shows
the battery, and the connections
the remaining when a three-
pole for switch- Operating Cail wire D.C. supply
ing the charging is available. In
circuit and con- N this case the
trolling an alarm safety lights are
circuit, normally con-
nected between

How the Auto-

matic Switch  £eomemy Resistance

one of the outers
and the neutral,

Works.

and thebatteryis
of this voltage.

The operating - O— Charging 1is
coil of the con- O etfected from the
tactor 1is perm- O ||||I||||| outers of the
anent ly con- Supply system.
nected across the [g: Battery '
secondary wind- How the Trickle-
ing of the Safety Lights charging and
tr fln sformer Fig. 6.— CONNECTIONS OF ‘“ KERPALITE ”’ D.C. CINEMA g;lg h;r?.t&
thh. normally o EQUIPMENT FOR THREE-WIRE SUPPLY. .a. ging
sunplies the safe- C.rcuits are
ty lights. Hence, Arranged.

as long as this supply is maintained, the
armature will be attracted to the pole
piece, the upper moving contacts will make
contact with the upper set of fixed contacts,
and the lower contacts will remain open.
Thus the safety lights will be supplied from
the transformer, and the battery will
be trickle charged all the time that the
main supply is maintained on the operating
coil. But immediately this supply fails,
the contactor will drop over to the lower
contacts, and the safety lights will be
connected to the battery. At the same
time an alarm circuit will be closed to
indicate that the main supply has failed.
When the supply is restored the contactor
will switch the battery over to the charg-
ing contacts. The battery may then be
given a high-rate charge, it necessary, by
closing the ““ charge " switches.

The trickle and high-rate charging
currents are indicated on separate am-
meters.

Thetrickle-charging and high-rate charg~
ing circuits are arranged similar to those in
the A.C. equipment, but the series resist-
ances are of higher value.

How Energy Consimed by the Operating
Coil is Reduced.

In order to reduce the energy consumed
by the operating coil, the winding of this
coil is designed so as to close the
contactor when it is excited with the
mains voltage, and, after closing, a
resistance is connected in series with the
winding to reduce the current to such a
value as to hold the contactor in the
closed position.

The Auxiliary Switch.

An auxiliary switch is required on the
contactor to short-circuit this resistance
when the moving contacts of the contactor
occupy the lower position (i.e., when the
main supply is “off,” and the safety lights
are supplied from the battery).



200 THE PRACTICAL

ELECTRICAL

ENGINEER January

THE

PROTECTION OF ELECTRICAL PLANT

AND APPARATUS

By H. W. RicHarpson, B.Sc., M.ILE.E.

The rapid development of elzctric power systems has resulted in an increoasing

demand for effoctive systems of prot:ction.

In this article Mr. H. W. Richardson

describes the G.E.C. system of protection which is based on McColl patents

GENERATION ago the homely {use
wire and the earlier forms of
circuit breaker with automatic

tripping device were the standard forms
of protective apparatus for electrical
plant and systems. The best testimony
to their value on low-tension circuits lies
in the fact that after many years of reliable
service, these two methods are still widely
in use for such circuits carrying small
quantities of power. But as a result of
the rapid rate at which electric power
systems have developed, leading to ever
higher voltages and ever increasing quan-
tities of power, the need for altogether more
effective forms of protection has arisen.
In consequence, what is in efiect a new
branch of electrical engineering has been
created, for the science and practice of

tection. Forinstance,if a 50,000 kw. turbo-
alternator were not protected against all
untoward contingencies that might a ise,
many thousands of pounds worth of
damage could conceivably be done within
comparatively few seconds. Morcover,
capital need not be locked up in unpro-
ductive standby plant, if continuity of
service can be reasonably ensured by the
adoption of proper protective apparatus,

A Typical Protective System.

It would require a bulky volume to
describe the many systems of electrical
protection which have been devised, and
the almost countless forms of rela
‘ntroduced during the last few years. It is
therefore proposed to try and give an idea
of modern protection by describing some

protecting adequately the plant and  of the methods of application of one well-
apparatus used in  modern known protect.ve system to the
practice is a very wide subject, equipment used in a modern
and one which younger clectri- power-supply system. The pro-
cal engineers would do well to tect've svstem  chosen  for
study. . A B description 1s that developed
by The General Electric Com
Why Modern Conditions De- pany, Ltd., which is based
mand a High Degree of | | upon McColl patents.
Protection. x $ En
It isnot always appreciated - T Common Conditions Against
why modern conditions demand Which Protection Must
so high a degree of protection be Provided.
as is considered necessary by In order to be in a position
those who have made a study v to understand the application
of the subject.  There has of such a svstem, it is neces
been  a  tendency in  some sary first to review briefly what
quarters to regard syvtems of Two FLeseNtTary  gre the most common cond
protection in  vogue to-day (”“"”: For - PRO- - qigns against which protection
as introducing  altogether un- On tﬁlccl“;:f't' the Must be  provided and  the
necessury comolications.  But  clementary principleof  fundamenta' method of dealing
such opinion would not anpear  balanced = protection: with  them.  Common  faults
to have given sufficient” con- 00 the might, the me-eopnrise overloads,  reverse

sideratihn  to the alternatives

to really effective forms of pro-  tection.

thod of parallel feeder
or split conductor pro-

currents, faults between phases
and earth, failure of excitation,
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etc. These arise in a
variety of ways, in the
majority of cases due
3 vi 8 to faulty insulation
with consequent leak-
age. Many leaks are
of a very small order
when they first occur,
but the extent of the
leakage often develops
rapidly and the opera-
tion of suitably de-
signed protective gear
will isolate the section
of the system contain-
ing the fault before a
dangerous  state  of
affairs is reached.

O Tv}O Tayo Re

BALANCING  PRIN-

CIPLE APPLIED TO

ThreE-rHASE CIR-
curr,

Underlying Principle of Modern Protective
Systems.

The underlying principle upon which
most modern protective systems are based
is that, providing there is no fault in the
apparatus to be protected, the current
entering the apparatus is the same as that
leaving it. If current transformers are
connected on both sides of apparatus
and their secondaries connected by pilot
wires to a relay, so long as the apparatus
is sound and there is no fault in it a state
of balance exists and no current will flow
through the relay.

What Happens When a Fault Occurs.

Immediately a fault occurs in the appar-
atus there will be a difference in the
current flowing into and out of it, with a
consequent upsetting of the balance in
the secondary circuit so that a current
will flow through the relay, thus operating
it and causing the isolation of the faulty
apparatus.  The elementary form of cir-
cuit based on this principle is illus-
trated, the pilot wires being omitted for
the sake of simplicity. “ X7 in this
diagram may be ecither a phase of a
generator or a feeder. A variation of this
clementary principle is furnished by the
protection of parallel feeders or the split
conductor system is also chown. The
load will normally be shared betwecn the
two conductors A and B, a state of balance
thus existing.  Should a fault develop in
cither of them an excess current will pass

into the damaged conductor, thus upsetting
the balance of the current transiormers and
operating the relay.

Split Conductor System.

The use of the split conductor obviates
the need for pilot cables, but—against this
advantage—special split cables are in-
volved and special switches. The split
conductor system is, however, in use in
a good many places.

Balancing of Three Phases.

Another common application which will
make clear the further application of the
balancing principle is furnished by the
balancing of three phases as illustrated.
[f no fault exists the sum of the
currents is zero, and no current will flow
into the relay. Immediately the balance
is upset by leakage the relay operates.

In giving these three simple illustrations
of balanced protection it must not be
assumed that they are applicable in such
elementary fashion in practice, or that any
one of them necessarily represents all the
protection required for the part of the
system under consideration. For instance
the method shown obviously affords no
protection against faults between phases,
which require special attention. So far
we have considered only the fundamental
principle.

The Principle of Balanced Protection.

The G.E.C. svstem of protection, incor-
porating McColl patents, which has been
chosen as an example for the purpose of
this article. is based upon this principle
of balanced pro-
tection. The
great feature of
the system lies,
however, in its
introduction of
the biassing
principle, the
addition of
which has so
tremendous-
ly increased the
value of the
balancing
principle.

i
o

-

PRINCIPLE
BALANCED

Brasina

Tue
ADDED TO
P’ROTECTION,
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Two Important Properties.
Before the great importance of
biasing can be appreciated, it
will be necessary to discuss two
important properties of a pro-
tective scheme. These are 1)
sensitiveness ; and (2) stability.

Sensitiveness.

Considering first, sensitiveness,
this property miay be defined as
the ratio which the lowest fault
current which operates the relays
bears to the normal current which
flows in the circuit protected.
This ratio is expressed as a per-
centage, and it is obviously of
the greatest importance that the sensi-
tivity should be as low as is possible,
in order that the faulty section of the
apparatus shall be isolated before the
fault has developed sufficiently to cause
any serious trouble.

Fault on a 20,000 kVA. Turbo-alternator.

How important this point is may be
grasped readily by considering the case
of a fault on a 20,000 kVA. turbo-
alternator. Should the relays be capable
of tripping at 20 per cent. of normal
current, i.e., if the sensitivity is not less
than 20 per cent., a fault may develop
between phases involving as much power
as 2,300 kVA_ before tripping. It will thus
be realised that a value of sensitivity of
much less than this figure is desirable in
the case of turbo-alternator protection.

““ToppLE " WEIGHT ADDED TO BEAM RELAY.

BeaM ReEray wiTH COVER REMOVED.

On the other hand there is a limit to the
minimum value of sensitivity which is
obtainable.

Minimum Value of Sensitivity.

This arises due to capacity and magnetis-
ing currents which flow into feeders and
transformers. It is only at no load or
very light loads that these currents assume
any significance, but clearly it must not be
possible for them to operate the relay.
In consequence, the fault current which
will be sufficient to operate the relay
must be just greater than that due to
capacity and magnetising effects.

Stability.

We now pass to the second important
property of a protective scheme referred
to above, namely, stability, the function
of which is very closely linked up
with sensitiveness. Stability is that
property of a circuit in virtue of which
the relay will not operate to isolate
a section of the system when there is
no fault on that section. Lack of
stability proved one oI the greatest
bugbears in the early days of protective
schemes, and considerable ingenuity
was necessary before protective schemes
were available which could be described
as truly stable.

Why Stability Was Difficult to Obtain.

It was not that stability was diffi-
cult of attainment for normal condi-
tions of lead, but when short circui*



January

THE PRACTICAL ELECTRICAL ENGINEER

203

conditions arise currents of as much
as 20 times the normal may flow
passing right through the apparatus

protected. The eftect of such through
currents on the current transformers
may cause different currents to flow
of higher value than the fault setting
of the relay, in spite of the fact that the
currents are perfectly balanced at normal
loads. In this way a section of the appar-
atus might be isolated when there is no
fault in it. Stability, then, is the ratio
of the highest through current which will

DruM CoNTACT BEAM RELAY.
With cover in position.

permit of the system being stable to the
lowest fault current that will cause fault
tripping.

A Cause of Inefficiency in Protective
Systems.

At first sight it must secem that
sensitivity and stability are properties
which cannot both be possessed by a
protective system, for if a circuit is to be
stable it must have a high fault setting,
and this is incompatible with sensitivity.
It is in this respect that many systems
of protection have been inefficient. In
some cases, in order that the system might
be rendered stable, it has been necessary

to have a fault setting of the order of
double the normal load. In other words,
the sensitivity would be 200 per cent.

A System Which Combines Minimum
Sensitivity With Maximum Stability.
The outstanding feature of schemes
based upon the McColl patents is that they
are able to combine minimum sensitivity
with maximum stability, and thus a
sensitivity of 5 per cent. to 10 per cent.
is regarded as a standard for the G.E.C.
system of protection, while the stability
might be regarded as infinite for reasons
which will shortly be apparent.

How This is Obtained.

This attainment of minimum sensitivity
and maximum stability has been made
possible by the application of the principle
of biasing. Without the coil R, the dia-
gram given would represent the balanced
protection of one phase of a generator.
But a biased relay is used consisting of
the operating coil O, a restraining coil R
and a biasing provision. This relay
operates when the effect of the excess
current flowing through O overcomes the
effect of the load current in R.  Thus the
excess current required to operate the
relay is varied automatically with the load
and consistent protection 1s given at all
loads. The biasing is usually provided
by employing a beam relay, the degree of
bias depending upon the relative numbers
of turns upon the coils. A typical beam
relay is i lustrated here.

Fault Current*Will Increase in Proportion
to Load Current.

The truth of the statement made above
that the stability of a protective system
employing the biasing principle might
be regarded as infinite is now clear, for
however great the load current may be,
the fault current will increase in proportion
and thus indiscriminate tripping will not
be effected.

Construction of the Beam Relay.

As the beam relay is the fundamental
item of apparatus in the system under
discussion its construction is of practical
importance. Its main features are evident
from the photographs.
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The operating and restraining coils
together with the beam are secureiy built
up on the laminated iron circuit, which
acts as the basis of the apparatus. The
beam is of aluninium, and is fitted with
knife-edge pivots.

Terminals and Trip Contacts.

Both the terminals and the trip contacts
are mounted directly on an enamelled
~late base. The moving contact s, usually
attached to the beams, consist of laminated
brushes of silveroid, which has been found
to be the most satisfactory metal for the
purpose.

Generator and Transformer Protection.

For generator and transformer pro-
tection, the main pivot is in the middle
of the beam, the bias being produced by
suitably proportioning the turns of the
operating and restraining  coils.  For
feeder protection the pivot is displaced a
smal distance from the centre line, in
order to give the desired bias in favour
of the restraining coil.

Relays.

Relays may be made self-resetting or
hand-resetting, For the latter purpose,
a vertical resetting rod is fitted which is
clearly indicated.

Relays are frequently required to make
three or more contacts, in order to close
the trip circuits for all the protective
operations directly.  Or .t may be desired
that a relay which has tripped shall
continue to effect the full pressure even
after the current has been cut off,

Why a ¢ Topple > Weight is Used.

For this purpose, a very simple
and effective addition is made to the
standard relay, consisting of a ** topple
weight, which rotates on centres formed
at the ends of the main pivot.  When
the beam is in the *“off” position,
the supporting screw of the weight rests
lightly upon the restraining side of the
beam, the centre of gravity of the weight
being just behind the dead centre. But
mmediately after the beam begins moving,
the weight passes over the dead centre,
and conies right down upon the operating
side, producing the following effects :

(1) Greatly magnifving the pressure on
the contacts ;

(2 Increasing the speed of operation

DRUM CONTACTS aND SENSITIVE LEVER SYSTEM
FOR BEAM RELAY.

(in  the case of very small faults)

(3) Maintaming the pressure after the
main circuit has been tripped ;

(4) Indicating which relay and which
phase have caused tripping.

The pressing of the usual resetting
button is suffictent to restore the whole
to the * oft " pasition.

Drum Contact Beam Relay

Another form of beam relay giving
identical effects with those described above
is the drum conract beam relay.

In this model the contacts are
not mounted at the ends of the beams but
press upon a vertical rod, which releases a
substantial contact drum engaging with
any desired number of fingers.

Although the drum is rotated by a
powecriul spring, it is effectively tripped by
the lightest touch of the beam through
the medium of an ingenious svstem of
compound levers

And its Uses.

By the use of this type of relay, it is
possible to op.en certain contacts in addi-
tion to closing other contacts when trip-
ping occurs.  The standard drum makes
provision for the opening of four contaets
as well as for the closing of four more if
desired,
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AN ALL-ELECTRIC PRINTING WORKS

By W. T. KennNey, Chief Engineer of the Newnes & Pearson Printing Co., Ltd.

HE present article, whilst it has a
particular interest for engineers in

the printing industry, is of excep-

tionally wide interest
to electrical engineers
as a whole.

Some World Famous
Names.
It deals with the3

100«

900

8o

0!

X 600

clectrical equipment of §§
g s

one of the largest and 3
: o
progressiveda

most
magazine and periodi-
cal printing works in
the world where The
Radio Times, Tit-Bits,
The Strand Magazine,

Pearson’s Weekly,
Pearson’s  Magazine,

Novel Magazine, John
o London and many
other famous publica-
tions, having a total
circulation of over 250

million a year, arc
jyrinted and bound.
Twelve vears ago

these works witha total
floor area of 23,000 sq.
ft. were lighted by gas
and the machines were
driven by line shafting
from steam engines.
To-day the works, now
with a total floor area
of approx. 0,000 sq.
ft., are electrically
driven throughout.
Electric lighting and
heating is used
throughout.

How Much Electricity
it Takes to Print
One Copy of
Tit-Bits.

As the yearly con-

sumption is  about

3001

CURVE SHOWING

Cowsuserion CuRve

1 1 i | 1 Ju__1

T S W

792/ 1922 1923 192¢ /935 1926 (927 /928 /929 (930 1931 /3R

[NCREASE
CONSUMED, 1921-1932,

IN

U~Nrrs

In 1921, the total units consumed was

55,000, It is estimated that for the year
ending 31st December, 1932, the con-
sumption will have exceeded 950,000
units.
EARTH WiRE FROM
INT OF
TRANS FORMER
—
1 LrarrinG
I ) 7S ORAIERS.
3000200 HT
] L M?ﬂ‘/’/{n,Swf’rn
. AND FUSe
1 —t L= o
i 3 Pogr»?
250 L
Vza] [a32] [ 28] |22 frymmsrommens
[ il ZoaNe0 ) ”:: Ifapmwa Bar
St R R A Rt o J et
[} 1
1 & s TBUsBARS
1 H
le——=—T—F x——x——m|
) Fowe r1FPane e
] s [
] I 5 ]
] \ 4’ 1
A
: f‘ﬂra;«—»"ars :
] ]
] LiGuTing PANEL 1
\ [ — — ——— ;_*r:fﬂ'
| === = :z 7 8us Bars
IZ‘Q t
_.,__J 1
e o o i e o o e e o
TRANSFORMER AND  SwiTCH  Roo.

Note earthing bar encircling the room.
On the lighting panel the 1.T.

are in duplicate.
on pages 216 and 217,

busbars

See also the diagrams

900,000 units cach pericdical produced in
the works requires an average of about
4 watt hours of clectrical energy to be

expended in lighting
the works and offices
driving the presses,
heating the casting
machines in the foun-
dry and driving the
conveyers, trucks,hoist
blocks and other ap-
pliances  which are
used in  a modern
printing plant.

Four watt hours ot
clectricity is L 1,th
part of a unit, and at
present-day prices of
electricity it repre-
sents  about ,1,th
part of a penny.

This is a very strik-
ing example of the
economy which can be
efiected by the use of
electricity as a motive
power, in combination
with medern printing
machinery and efh-
clent wcrks organisa-
tion.

TRANSFORMER AND
GENERATOR ROOM.
The Incoming Supply
5,000 volts, 3 ph.,
50 cycles.
Current :s obtained
in bulk {rom the
Notting Hill Electric
Supply  Company,
Limited, at a pres-
sure of 5,000 volts,
3-phase, 50 cycles. The
incoming feeders cor-
sist of two 3-core.155q.
in, section  copper
paper-insulated  stecl
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wire armoured cables laid in troughs and
are connected to the supply company’s
switch in Newnes and Pearson’s premises,
one acting as a spare to the other in case
of breakdown.
Main Circuit Breakers.

The company’s circuit breakers referred

as the transformers,

Lighting.

" ':E ~
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= ) e
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s T :
Y ‘
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Y 1 o
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THis SHows THE REYROLLE INCOMING SUPPLY MAIN SwiITCH.

The Notting Hill Electric Supply Company’s main (in duplicate) can be scen
on the left. Note the busbar coupler, which will “loop in '’ the station
on to the grid ring. The circuit breakers are rated at 300 amperes and have
a breaking capacity of 100,000 kVA,

to above are of the Reyrolle heavy indus-
trial ironclad type, of the draw-out pattern.
The switch is housed in the same room

Six Transformers—4 for Power, 2 for

These belong to the Printing Company

and are 6 in
number — 4 for
power and 2 for
lighting loads.
Each of the four
power transfor-
mers are of 250
kVA., 5,000/400
volts, 3 ph., 50
cy. capacity. The
two lighting
transformers are
respectively 200
kVA. and 100
kVA. with ratio
of 5,000/200
volts, 3 ph,,
50 cy.

The H.T. Busbars
—Tinned
Copper Strip.

The HT. bus-
bars, to which
are connected the
cables from the
supply com-
pany’sswitch,are
fixed above and
between the two
banks of trans-
formers and are
of solid tinned
copper, mounted
on porcelain in-
sulators.

The H.T. Panels,
Equipped with
Liquid Fuses.

Between the

H.T. busbars and

the H.T. side of

the transformers
are mounted the

H.T. switch fuse

panels. Each
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consists of a sheet steel panel on which
are mounted the 3 isolating link switches
and 3 Empire liquid {fuses. The liquid
fuses are supplied by the Electric Control
Company, Limited, of Brighton, their
main function being to protect the H.T.
windings against a heavy surge from the
supply com-
pany’s side of
the oil switch,
as these fuses
operate in a very
small fraction of
a second, much
quicker than the
oil switch would
take to trip.

H.T. Connec'ions
to Transformers.
Tappings are
taken from the
H.T. busbars to
the live side of
the link switches
on these panels
and from the
bottom clips
holding theliquid
fuses, lead
covered 6,600
volt V.ILR
cablesare connec-
ted through por-
celain bushes to
the H.T. con-
nections in the
transformers.

The Power
Switchboard.
This consists
of 6 sheet steel
panels, all moun-
ted on rigid angle
iron framcowork.
Four panels con-
trol the L.T. in-
coming 400 volt
supply from four
200 kVA. trans-
formers and 2
panels control. 6
sets of outgoing
triple pole feeders

to the unit ironclad switch fuse panels
described later.

The Power Feeder Panels.

‘The panels controlling the incoming
supply for power are fitted with oil
immersed switchgear and fuses, ammeter

A GENERAL VIEW OF THE TRANSFORMERS.
Four power transformers amnd two lighting transformers are installed.
The down leads from the H.T. busbars pass to the transformer terminals
through link switches and liquid fuses.
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and voltmeter and
all necessary bus-
bars at back. The
feeder panels have
the triple pole link
switches all moun-
ted at back of
panels, the f{ronts
being plain except
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cables from the 100
kVA. and 200 kVA.
transformers, and
the four others the
outgoing feeders to
the triple pole dis-
tributing fuse
boards situated in
suitable positions in

for a P.F. meter the works.

and periodicity

meter. Solid cop- Distributing Panels
per bushars run for Outgoing
the whole length of Feeders.

these panels, to From the feeder
which the copper panels on the power
connections  frcm switchboard cables
the switches are are run to four
connected. banks of ironclad

Lighting Panel.
This consists of
six slate panels,

45'[”“,“

-

switch fuse panels
of the unit type.
Two of these are
by M and C Switch-

two of which cor- 3 gear, Ltd. and two
trol the Incoming ¢ gsp Up View oF Link Switen axp Liguip by.J.Ohn son and
200 - volt  supply Fuse PANEL. Phillips.

A JOHNSON AND I’HILLIPS SIX-PANEL SHEET STrEL I'LAT BAcCk TYPE SWITCHBOARD.

This is designed for operation on a 400-volt, 3-phase, 50-cycle system, arranged to control incoming

supplies from four 250 kVA. transformers and joo-ampere outgoing feeders. Incoming feeders '
controlled by means of 6oo-ampere triple pcle automatic oil circuit breakers and outgoing feeders
by means of air break isolating switches.
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BAack VIEW oF JUHNSON & PHILLIPS SIX-PANEL ENAMELLED SLATE FLAT BAack TYPE SWITCHBOARD.

Arranged to control incoming supplics from 200 kVA. and 100 kVA. transformers and twelve
1oo-ampere heating and lighting circuits.
automatic circuit breakers and outgoing feeders by means of air-break knife switches and fuses.

How the Feeder
Cables are Bonded.

Each bank is sub-
divided into separ-
ate unifs all con-
nected.  through «
busbar chamber
running the length
of the complete
panel. The feeders
from the separate
units are taken
from the top of the
unit and in neaslv
cevery case are
core 197.083 V.LLR.
steel armoured jute
covered cables. The
glands  used for
bonding thearmoar-
ing to the trifurcat-
ing box at the top
of the units is
clearlv  shown in
the photograph.

FroNT VIEw or JOHNSON & I'HILLIPS SIX-PANEL

EENAVELLED SLATE

FrLar Back Tyree Switcn-
BOARD,

Incoming supplies controlled by means of air break

Load €onsumed.

The Ioad cen-
sumed in the works
has increased vear
by year sinec the
first motor was in-
stalled in 1921,
when the total units
consumed was
55,000, The curve
shows the gradual
increase in the de-
mand due to the
expansion of the

works, and it is
estimated that for
the year endirg

31st December,
1932, the consump-

tion will have ox-
ceeded  g350,000
units,

Average Power
Factor, .87

Although the
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of 3 ph. comm,
A.C. motors
which are in-
stalled in the
press room, for
driving the
larger magazine
rotary presses.

THE
MACHINE
ROOM.

Press Room
Rotaries.
The Press
Roomnaturally
demands the
highest load
and it is esti-
mated that 8o
per cent. of the
works load 1s
taken by the
motors driving
the presses.
There arc alto-
gether 32maga-
zine rotary

HeEre WE See THE BANK OF IRONCLAD
Unit Tyre Switcn PaNELs By M & C
SWITCHGEAR, LTD. ONTHE KIGHT 18 A CLOSE
Up VIEw oF GLAND, SuHowiNG METHOD OF
BoxDING WIRE ARMOURING

motors installed throughcut the works
total about 2,000 h.p., numbering
approximately in all 250 and ranging
from 8 hp. to } hp., the average
power factor is .87, as verified by
figures supplied by the supply company.

—And the Explanation.
This  exceptionally good power
factor is no doubt due to the number
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GENERAL VIEw OF CoMPOSING Room.
Showing lighting by 130-—100-watt gas-filled Mazda lamps in Benjamin R.L.}M. reflectors.

presses, nearly all driven by double
motor A.C. equipmenfs, 13 being of
B.T.H. manufacture. four by Witton

James, two by the Fuller Electrical Com-
pany, all of which are fully automatic.

Pioneer Work in 1921 and 1922.

There are also four J. H. Holmes semi-
automatic single motor equipments for
the slower presses. These were the frst
alternating current motors to be installed
at the works in 1921. As a matter of fact,
it may beclaimed that these latter must
have been almost the first variable speed
hand-operated A.C.3-phaseslip-ring motors
which had ever been installed for driving
printing presses. At any rate, the two
3-phase variable specd A.C. commutator
motors (shunt characteristics) supplied by
the Swedish General Electric Co. in 1922
were certainly the first of their kind
installed in any printing house in this

country.  All these motors are still
running ard giving excellent service,
besides having been trouble-free since

they were first put down,

“THE RADIO TIMES’ PRESSES.

The most interesting and perhaps most
up-to-date equipments are those driving
the large magazine four-roll presses print-
ing The Radir Times, and a general
description of these units here may be of
interest.

The Driving Units.

The driving units for the magazine
rotary presses consist of main motor,
barring motor, chain sprocket for drive
to the press shaft, and worm reduction
gear for the barring motor with a centri-
fugal ratchet type coupling and a solenoid
brake. All the above parts are carried
on a cast iron baseplate provided with
slide rails for chain tension adjustment.
The unit is erected in a pit at the side
of the press, fitted with covers at floor
level to allow the operators free access
to all parts of the press.

Ratchet Coupling between Main Motor and
Barring Motor.
The ratchet coupling allows the main



THE

PRACTICAL ELECTRICAL

ENGINEER January

Tur Erectro-1'usnpITOR METAL T'oT HEATER.
composing machines at the Newnes and
Printing Works are cquipped with this modern heatirg appliance.
stat control maintains a tonstant temperature in the pot.

All the casting and

mntor to overrun the barring mctor and
so automatically disengage the latter
when the main motor takes up the drive.

All the mechanical parts of these units
are supplied by Messrs. David Brown
and Sons.

The barring motor is a B.T.H. double
squirrel cage machine, rated to give
ample starting torque under the worst
operating conditions,

Characteristics of
Main Motor.

The main
motorisa B.T.H.
A.C. shunt type
commutator
motor with a 4
to 1 speed range
obtained Dby
means of motor-
operated brush-
gear. This type
of machine gives
an infinite num-
ber of speed
points over the
working range
and consequently
gives extremely
smooth accelera-
tion and retarda-
tion. Both of
these features
are of great im-
portance in

printing press
operation.
The driving

unit for a single
press has a con-
tinuously rated
main motor of
55/14h.p. 870
220 r.p.m. and
an  half - hour
rated barring
motor of 6 h.p.,
950 r.p.nm., the
worm gear ratio
being  950,21.7
r.p.m.

Pcarson
A Thermo-

Arrangement for Running Two Presses
Simultaneously or as Separate Units.

In many cases at these works two
presses are arranged so that they can
be operated simultaneously to produce
cne publication and in these instances
six of the presses are equipped with a
driving unit consisting of an 8o/20 h.p.
main motor and 8 }-h.p. barring motor.
The two presses can then be coupled
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mechanically and
driven by the
S0 h.p. unit.

Push - Button

Control.
The B.T.H.
control gear is

of the fully auto-
matic contactor
tvpe  controlled
by push buttons
mounted at vari-
ous points on
the press frame.
The contactor
pancl carries a
motor - operated
master drum
switch which
operates the con-
tactors in the
correct sequence
and with the
appropriate time
delavs where
NeCesSAry. It
also  carries a
hand reversing
switch  for the
barring motor for
use in exception-
al circumstances,
such as when the
press has to be
reversed by hand.

PRrESS.
Three factors are of prime importance
in operating this press :
(¢) The working pressure must be

Tue Gicaxt Mourbping

" just right " (in this case 1b.
s, ing).

() The heat applied to the mould
must be accurately controlled.

(c) The mould must be kept under
pressure for a definite time- neither
niore nor less,

In this plant all these factors are
controlled electrically.

(¢) The manometer needle closes a
contact and stops the motor when the
correct pressure is reached.

(b) A Thermostat controls the heat
applied to the mould to within 3 17

(¢) The minute finger ot an clectric
clock closes a contaet and rings a bell
as soon as the correct nuntber of
minutes have clapsed,

¥, 750

Zoov AC
INCOMING

n?T-l'i W

s

L. THERMOSTAT
HEATING |
ELEMENTS 09
STaam

IA- REAY WORKING
reom THECRMOSTAT

2a - THLRMOSTAT

CA- MAIN HEATING
ConTacToR

TEL e | 1
1 :
i

L . Stator ConTAaCTOR
< St RING SHORTING CONTACTOR

3 — RoToR ExT. RESISTANCE

4 — 3 Pr 400v 50~ MoOTOR

5 — PReEssurRE Gave: ConTAcToR

& — RCTARDING DASHPOT For INTCRteCK T

8 - LOCRING INTERLOCK For STAToR ConT~CToR
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HERE ARE SHOWN THE THREE (,ANNINu \ATS bsxo IN THE \ICKELLI\G Roowm.
The solution is electrically heated and is agitated by compressed air whilst in operation.
found that this nearly doubles the speed of working and gives a better deposit.

Two main push-button stations are
provided for each press giving ‘‘inch,”
“raise,” ‘““lower,” “stop " and “on and
off " control.  Also eight subsidiary
stations are supplied labelled ““ safe " and
h "t safeguard the operators when

11

run
working at remote positions on the press.

In those cases where an 8o h.p. unit
has to drive two presses coupled together
a multipole change-over control switch is
provided to enable the presses to be
controlled, if necessary, from those push-
buttons which normally control the 55 h.p.
unit.

Chain Drive Preferred.

Morse rocker joint chain drives are
used on all equipments, as these have
been found eminently suitable for the
exacting work they have to perform

owing to the continual inching, starting
and stopping of the presses.
An interesting hoist block (Herbert

Morris, Limited) is shown on page 220,
the feature of which is the maximum

It is

amount of head room obtained for lifting.
It will be seen from the picture that a
special trolley framework is constructed,
with the motor and rope drum mounted
on one end and the lifting hook on the
other.

The Flat Bed Presses.

In addition to the rotary presses there
are installed a number of flat bed presses.
These are all driven by semi-automatic
3-phase A.C. motor equipments. Motors
were by J. H. Holmes and Fuller Elec-
trical and Manufacturing Company, and

the control gear by Igranic Electric
Company.
An Important Innovation. The Photo-

Electric Inset Registering Device.

An electrically operated insetter mechar:-
ism is now being worked successfully in
these works.

The Purpose of the Photo-electric Control.

The purpose of the photo-electric control
is to maintain running register between a
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pre-printed weband the printed matter on
the main press.

DESCRIPTION OF THE PHOTO-
ELECTRIC INSETTING DEVICE.

A description of this inset registering
device, which has been developed by the
British Thomson Houston Company in
conjunction with Messrs. Newnes and
Pearson Printing Company and DMessrs.
Hoe, Ltd., is here of interest. The first
one was installed at these works and has
given every satisfaction on actual pro-
duction.

Duty of Inset Registering Device.

The function of the inset registering
device is to feed a pre-printed web from
a roll and to so control the feed that the
printed matter shall always occupy the
same position relative to the collating
or folding cylinder within predetermined
limits, in the present case plus or minus

1 in.

Principle of Operation.

The apparatus consists of the following
essential parts :—

1. Inset feeding device.

2. Photo-electric apparatus (built into
feeding device).

3. Contact maker.

4. Control pillar.

The Feeding Device.

The feeding device consists essentially
of a pair of rolls gripping the web, and
driven from the existing cover printing
section of the press. These rolls draw
the web off the reel, and are driven through
a variable speed gear. The feeding device
also includes a compensating roll moving
in a loop of paper, by means of which
the web may be advanced or drawn back.

The Photo Cell.

The photo-electric cell device consists of
a lamp arranged to throw a narrow beam
ol light through the web, this light
impinging on a photo-electric cell. Special
marks are printed on the web, bearing a
definit> relation to the normal printed
matter, and the photo-electric cell is so
connected through amplifiers and trans-

formers that a momentary voltage impulse
is produced on the output terminals
every time a rapid variation occurs in the
light received by the photo cell.

The Contact Maker.

The contact maker is driven through
gearing from the collating cylinder so that
it makes exactly one revolution for every
copy delivered. It is provided with two
contact making arrangements displaced
from each other so that over a short part
of the revolution neither contact is made.

Just prior to this, the “ too fast”
contact is made, and just after it the
“ too slow ” contact is made.

These contacts are connected in circuit
with the output terminals of the photo-
electric device, and also with the apparatus
controlling the correcting pilot motor,
which apparatus is housed in the control
pillar. If the impulse due to the passage
of the mark or hole on the web past the
photo cell occurs when both contacts are
open, the correcting pilot motor is not
started.

If the impulse occurs whilst the “ too
fast ’ contact is closed, the correcting
pilot motor is started in a direction to
retard the web.

If the impulse occurs when the “ too
slow " contact is closed, the correcting
pilot motor is started in a direction to
advance the web.

The Correcting Mofor.

The correcting pilot motor performs
two correcting functions simultaneously :—

(@) It makes a slight adjustment to
the speed of the feeding roll by adjusting
the variable speed gear, through which
the latter is driven ; and

(b) It adjusts the position of the com-
pensating roll. If the web is running
too fast the feeding roll is slowed down
and the compensating roll is moved in a
direction to draw the web back, and
vice versa.

Each impulse controlling the starting
of the correcting pilot motor is momentary,
but the pilot motor runs for a definite
predetermined number of revolutions, this
being determined by a cut-off switch
driven from the pilot motor itself.

In order to avoid operation of the
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The web, on leaving the feeding device,
is fed into the folder by existing drawing
rolls geared to the folder, as at present.
These drawing rolls maintain a tension on
the web because their peripheral speed
is slightly higher than the web speed. It
should bz borne in mind that when
feeding pre-rrinted web which may have
stretched slightly the mean speed of the
pre-printed web may be slightly greater
than would be the speed of a web printed
on the press.
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movement of the correcting device will
produce periodically momentary increases
of the speed of the web of the order of
0.1 per cent. above the mean speed.
It is necessary that the peripheral speed
of the drawing roll should be suthciently
high to maintain the tension on the web
under these conditions.

Mechanical Details.

The essential moving parts of the
feeding device are shown in the sketch
which is diagrammatic only, but serves
to indicate gear ratios and direction of
rotation.

It will be seen that the feeding rolls
are driven through a variable speed gear
of the belt and cone pulley type, driven
through a pair of increasing spur gears
and vertical shaft and mitre gears from
the reel-up roll shaft on the cover section
of the press.  The gear ratios and roll
diameter are such that with the belt in
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VIEw oF THE MAIN DRIVE To ONE OF THE HOE MAGAZINE PRESSES.
Note the barring motor on the left for slow running and alsa the small pilot
motor which operates the brush gear for speed control,

Cone Pulley '?eggd"’”

FAZA) V)
é) Rotar
Leadir, b ~Swit
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for Initial
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Pre-printed web, Press. Cutting Cylinaer.

DIAGRAMMATIC ARRANGEMENT OF MECHANICAL PARTS OF THE INSEITER.

its ““mid”’ posi-
tion the web will
be fed through
the feeding rolls
at the same
speed as it would
be fed from the
cover cylinder.

The cone pul-
leys allow of an
increase or de-
crease of 2} per
cent. in the feed-
ing roll speed
from thisnominal
speed.

How the Belt is
Moved Along
the Cone
Pulleys.

The belt can
be moved along
the cone pulleys
by means of two
flanged guide
pulleys, which
are traversed by
means of a screw
rotated through
chain gearing by
the pilot motor.

How the Com-
pensating
Roller is
Operated.

The same chain
through a worm
gear and worm
quadrant moves
the radius arms
carrying the com-
pensating roller.

The possible

movement of the

compensating
roller is therefore
tied up directly
with the move-
ment of the belt
guide, and this
movement Is
limited by suit-
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S1x ELECTRICALLY DRIVEN GRELENBAT TRUCKS ExNABLE

THE
EFFICIENTLY.

Each truck has a battery of 12 Ironclad Exide cells of
129 amp. hrs. capacity supplying current to Greenwood

and Batley totally enclosed traction motor.

able stops; should either stop be reached
due to some accidental condition, damage
is prevented by a slipping clutch interposed
between the pilot motor and the chain
gear.

Self-stopping Action of Pilot Motor.

The pilot motor also drives a cut-off
switch, which is arranged to stop the
motor after one revolution of the switch.

How the Web is Adjusted for Register
Before Starting.

In order to permit of rapid hand adjust-
ment of the register being made when
the web is first fed in, since there is
nothing to indicate the correct instant at

Huge OUTPUT To BE HANDLED QUICKLY AND

which it should be fed between
the feeding rolls, an arrangement
is provided whereby he auto-
matic compensator roll referred
to above can also be moved by
means of a hand-wheel. The
movement obtained in this way
is limited by stops, so that when
th> hand adjustment has been
made to its full extent the roll
still has sufficient play for the
full amount of automatic adjust-
ment.  Sufficient hand adjust-
ment is provided to extend over
considerably more than the full
length of one cover.

It will be understood that the
effect of the automatic inset con-
trol is to maintain a constant
relation within limits) between
the position of the printed matter
and the position of the collating
cylinder ; what this relation is,
however, must depend on the
length of web between the photo-
electric device and the collating
cylinder, and this length can be
adjusted by means of the existing
compensator controlled by a hand-
wheel. By means of this second
compensator, therefore, it is pos-
sible to arrange that the printed
mark shall appear on the fold, or
on any other portion of the sheet
desired.

Electrical Arrangements.

The equipment is arranged for
both a 400 volt, 3-phase, 50-cycle A.C.
supply and a 400,200 volt, 3-wire D.C.
supply. The A.C. supply serves for the
pilot motor and for the valve and thyra-
tron heaters whilst the I).C. supply serves
for the photo cell valve and thyratron
anode circuits. Both supplies are brought
to the control pillar, which should be
located as near as convenient to the inset
feeding device.

The pillar houses, in addition to the
control gear for the pilot motor, have acon-
tactor controlling the A.C. input, and
another contactor controlling the D.C.
input.

It is desirable that the valve and
thyratron cathodes should have time to



220 THE PRACTICAL

ELECTRICAL

ENGINEER January

heat up before the device is brought into
operation, and the contactor controlling
the A.C. input will therefore be inter-
locked with the existing control panel of
the press, so that it will close as soon as
either the barring motor or the main
motor is started up and will remain closed
until the “off ” push-button referred to
below is pressed.

The D.C. input contactor is controlled
entirely from an “on " and “ off ” push-
button station located on or near
the inset feeding device. This
push-button station will be so
wired that pressing the “on”
button brings the automatic
registering device into operation,
pressing the *“ off 7 button takes
the device out of operation, and
at the same time if the press is at
a standstill cuts off the A.C. sup-
ply to the registering equipment.

THE COMPOSING ROOM.

There are two installations in
the composing room which are
of interest, viz., the lighting and
the electric driving of the mono-
type casting machins and the
clectrical heating of metal pots on
same,

Lighting-—Spacing of Lamps.

The lighting in the main com-
posing room is carried out by
means of Benjamin R.[L.M. re-
flectors with  1oo-watt gas-filled
lamps. The arrangement is clearly
shown in the photogranh on
page 211, The lamps are spaced
5 ft. apart and 8 {t. from the
ground, giving an intensity of
about 10/12 foot candles at the
working plane,

Monotype Casting Machines-
Electrically Driven and Heated.
The monotype casting machines
are all driven by their own in-

operated rheostat fixed on frame work
on side of machine. Similar motors
supplied by Messrs. Witton James are
also installed on a number of the casting
machines,

Funditor Fitted on Monotype and Linotype
Machines.

The Electro Funditor fitted to the

monotype and linotvpe machines is now
constructed in

the London works of

dividual motors.  The photo- ) e
graph  shows a Tuller ! hp.  Tais Swows TtHE Morms Erectric  HoisT-BLOCK
SPECIALLY DESIGNED To Give A Maxinos HeoHt

J-phase s50-cycle 4o /580 r.p.m.
slip ring motor driving one of
these  machines, the  variable
speeds  being obtained by hand

The controller is chain-operated.
supplied from overhead trolley wires one of which can
be seenin the picture,

HEaD-rOOM,
The motor is 3-phase,

or LIFT 1N MiNiyeym
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ELECTRICALLY DRIVEN BELT CONVEYORS.

Four of these are in use, in the new building.

Messrs. Funditor, Limited, of Mitre House,
I'leet Street, E.C. The heating elements
are immersed directly into the metal
and by means of the specially designed
regulating box, automatic control of the
temperature of the metal, within the
limits of 3, can be obtained. The
regulating box consists mainly of a
mercury thermostat connected to a hollow
spiral, which will expand and contract
through the influence of a variation in
temperature of metal.  The spiral acts
on a rod which is connected with a lever
controlling a tilting mercury switch. °
THE FOUNDRY.

Nickel Room.

The arrangement of copper bars from
the plating sets to the nickelling baths is
clearly shown in the photograph on
page 214.  They are of .78 5q. in. section
round copper bars. Two of the baths

receive their current from a Canning
o-volt 730-amp. motor generator  set,

self-excited, running at 030 r.p.an., and
the third bath from a Holmes 6-volt
250-amp. set, separately excited (shown
in jhotograph). Considerably increased
preduction in the depositing process is

They were supplied by S AP, Ltd.

obtained by a motor-driven agitator

plant.

“Gigant > Moulding and Drying Press.

The “ Gigant " automatic moulding and
drying press, now manufactured in_this
country by S.AP., Limited, of Fleet
Street, is a seli-contained unit complete
with motor equipment and electrical
heating.  The whole of the electrical
equipment ix cither mounted directly on
the press or in close proximity to it, so
that evervthing is under the eye of the
operator. The motor for operating the
self-contained oil pump, on the hydraulic
principle, is a 4 b.hp. 4o0-volt 3-phase
s0-cycle A.C. slip-ring motor by Witton
James running at 1,420 r.p.m and s
started and stopped by push button.
The pressure required on the formes is set
on the manometer-—on this particular
press up to 1730 lb.in*—and is main-
tained at the set pressure until the motor
is stopped. The heating of the table is
also done electrically and can be set to
any desired temperature from 250 to
350 I°., and is thermostatically controlled
to maintain the set temperature within
the limits of 2 to 3.
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A DIESEL-ELECTRIC SHUNTING LOCOMOTIVE

E have just witnessed a demon-
stration of one of the diescl-
clectric  locomotives in  the

Rugby works of the British Thomson-
Houston Company. The locomotive is
one of a number which has been made for
usc in the Ford Motor Works at Dagenham.

‘—&-'T//-.. . - -

Not a Substitute for Main Line Electrifi-
cation.

These diesel-electric locomotives are
designed to have just the right character-
istics for their work, and from an electrical
engineering point  of view they are
extremely interesting. They are not, of
course, intended as a substitute for main
line el ectrification where the requiremenis
are centirely different from those of shunt-
Ing operations,

The Engine.

The power unit consists of a six-cylinder,
four-stroke, airless injection ‘ Allen ”
diesel engine, rated 150 h.p., at 550 r.p.m.
continuously, and capable of giving 10 per
cent. overload for two hours or 40 per cent.
momentarily.

The Main Generator and Motors.

This is directly coupled to a 95 kilowat
generator which is mounted on the same
bedplate. The generator is compound-
wound with separately excited shunt and
differential scries windings and compoles,

’!"v—-&-"'

Tue BT.H. 44-TON DIESEL-ELECTRIC L.OCOMOTIVE READY FOR DUTY.

and is designed to have a drooping
characteristic. There are four traction
motors, two on each bogie. Two motors
are connected permanently in series.

Control.

A special patented device is provided
which enables any
of five different
settings to begiven
to the governor
gear so that the
engine will run at
cither 150, 250,
350, 430, or 550
r.p.m. The motors
can be run either
all in  series or
in  series-parallel.
Provision is also
made for running
the motors with a
weak field. The
sequence of opera-
tions follows:

(1) Engme Governor Setting 150 r.p.m. Motors in Serics,
(8) i .. ., 250 r.p.m, .

(3) e %0 00 350 T.p.m, " ..

1) . 450 T.p.m, . -

5) . .. . 530 r.p.m, . 09

(t) .. . . 550 r.p.m. Motors in Parallel

Full Field,
s50 r.p.m. Motors in Parallel
Weak Ficld,
The master controller has a ““ dead man’s
handle " which cuts off the power and
applies the brakes if released in a running
position.

7 . N "

Performance.

The cquipment was started up from cold
m less than one minute,

The most noticeable feature about the
performance was the wonderfully smooth
acceleration and extreme ease of handling,

The fnel consnmption ranges from
1)/1% gallons of oil per hour with a
performance of 250/300 ton miles per
gallon,

Owing lo the rapid progress in the design of

electrical apparatus and to our efforts to keep our
readers in louch with the lalest developments, we

give no warranty that apparatus described in our

columns i< not the subject of Letters Patent.
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BRUSH TROUBLES AND CURES
By F. C. Orcuarp, AM.LE.E.

In this article Mr. F. C. Crchard deals with some of the causes
and cures of sparking at the working edges of Ebrushes

PARKING at the g Brush Gear Support a piece of cartridge
working edges of oA paper tightly  round
brushes is a trouble Bl Collector Ring the commutator and
met  with sooner or / ; - mark verv carefully
. ) , . —— Rake between the g s } .
later by every uscr Yirailing eages o 00 the leaving

or operator of rotating
clectrical machinery,
and the causes are
somietimes difficult to
diagnose.  The cure
after accurate diagnosis, however, is very
often obvious and casily put into effect.

For casy reference the main causes of
brush sparking and the cures will be
divided into two classes, those due to
mechanical and those due to electrical
effects.

MECHANICAL CAUSES.
1. Faulty Brush Alignment.

sparking will be observed on those
brushes situated farthest forward of other
brushes in the direction of the armature
rotation. To check up the alignment, bar
the armature round until the trailing or
leaving edges of the brushes coincide with
the edges of a commutator segment. If
there is a rake, i.e, if the brushes and the
commutator bar edge do not coincide right
across the commutator, then adjust the
brush arm or carrier until coincidence is
obtained. A word of warning however,
is necessary in making this adjustment ;
do not alter the inter-
spacing between adjacent
brush arms when realign-
ing the faulty arm.

2. Incorrect Brush x
Spacing. ,
The symptom is the
same as };orl fault No. 1 =X x
and in order to check up
the spacing between the
brush arms all round
the commutator, wrap

IFatLTY BRUSH ALIGNMENT TEST.

*/ Trailing edge positiors of

Brushes on a 6 - pole machine

Interspaces “X " shou'd all be exactly equal,

INcorRRECT BrUsH SraciNg TEST.

the brushes and
a commutator
bar edge

edges of cach set of
brushes. The markirg
must be done
accurately as possible
for an error in this
check of even ., in. may mean over-
looking the true canse of a sparking
trouble.  Remove the paper and check
up by measurement the distances between
the marks., These should all be regular,

as

3. Incorrect Brush Pressure.

It is essential that the pressure exerted
by the brush spring should be of the
correct value for the size and grade of
brush used as well as for the purpose of
such use. To test for correctress of
pressure use a spring balance and make a
pull on the pigtail absolutely vertical to
the plane of the working face of the brush.
This is important if accurate readings are
to be made.

Normal pressures for carbon or graphitic
brushes are 1} Ib. per square inch of
working contact area of the brush on the
commutator or slip ring for turbo-
alternators ; 2} Ib. per square inch for
traction rotary converters or heavy rolling
mill motors, ie., plant
subject to sudden heavy
over-loads ;  motor car
starters about ¢ lh. per
square inch, ard motor

x| car generators 6 lb. per

square inch. For brushes
on slip rings about 3 Ib.
per square inch is a
suitable pressure but if
metallic brushes are used
then a pressure up to
about 4} Ib. per square
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inch may give
better results.
The symp-
toms of in-
correct brush
pressure  are
glowing ot
brushes.  dis-
coloured pig-
tails due to
overheating,
burning of
brushes and
blackening of
the commu-
tator.

Direction of Pult

INCORRECT BRUSH PRESSURE
TesT.

4. Chattering.

Brush chatter may be produced if the
brush arms are not rigidly supported or it
excessive clearance exists between brush
holder and brush.  The cure is obvious.

5. Brush Clearance.

When the clearance is excessive vibra-
tion or chatter will be set up and if
armature oscillating gear is fitted the
chatter will be in two directions and have
a marked tendency to produce flats on the
commutator in addition to producing very
bad sparking. Conversely lack of suffi-
cient clearance will cause the brushes to
bind in the holders so that as
wear takes place the spring tension is
not capable of keeping the contact pressure
at the desired value. Accumulation of
dust and dirt will prove to be the most
likelv cause of this last trouble. The
correct clearances, however, which should
not be exceeded are o.007 in. in the

Gap to be constant whan\

commutator is barred round. 3 Commutator Surface
=l

Test with a large feeler gauge

Test Blozk Weedle \ /
adjustment set pin \r ‘
set pin y Bearing
\\/ Pedestal
Test Black_.]
o 5 Y o | _
"1 Bed Plate 1

COMMUTATOR IZCCENTRICITY TEST,

circumferential direction or 0.009 in. in
the axial direction at any time.
IFurthermore, the distance between the
bottom of the brush holder and the face
of the commutator or slip ring should be
adjusted to give a clearance of % in.

6. Eccentric Commutators.

Sometimes  a commutator  becomes
eccentric due to repeated heating up and
cooling down under service conditions,
producing a slacking off in the commutator
bolt tension. High bars may be pro-
duced at the same time. When the
machine speed is high the time for up and
down motion of the brush in the holder
may be such that the brush may actually
leave the surface of the commutator and

Brush moved to fit two sides of Brush
box to measure clearances given

@__

E=—————rbrush b1

=
Circumferential

=5~ Clearance
0-007"

e ————

BrUsH CLEARANCES,

on the downward fall be struck a hard
blow by the high bar during rotation,
In other words the brush fails to follow
the motion of the surface of the com-
mutator and brush bouncing will result
with bad sparking and the production ot
flats it the trouble is not cured at once,
To check tor eccentricity use a scriber
fixed in such a way that the point is newa
to the surtace of the commutator and
then to bar the armature round carefully,
noting whether the gap remains constant
all round the commutator.  The cure is to
run the machine if possible on load for a
sufticient length of time to get the com
mutator hot, then the machine should be
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shut down and the commutator bolts Siight Bevels to
should be pulled up tight. The com- [commutator Bars

mutator must then be turned.

7. Commutator Segment Burring.

Burring will cause brush chatter and
sparking so that it ix a good practice after
undercutting the mica insulation between
segments to slightly bevel the edges of
the bars.

8. High Bars.

These produce a distinct clattering
noise as they strike the leading edges of

Maximum Reading
across two
Segments here.

4‘?qual iser Connections
—
N j

TESTING FOR AN OPEN CIRCUIT IN THE ARMATURE

or¥ A Lar Wounp MacHINE FITTED witn EgQua-

Li1sER Bar CoNNECTIONS. TEST CURRENT FLOws
IN THE DIRECTION OF THE ARROWS,

Note that if no equalisers are fitted, current
may be circulated through the windings at
diametrically opposite segments however many
poles arc used. For a four-pole wave winding
with two circuits, but without equaliser connec-
tors, circulate test current throngh segments
one  brush gear interspace distance apart,
In this case, however, there will be two high
voltage readings at  diametrically  opposits
points of the commutator.

the brushes and trequently the brushes arce
chipped in consequence of these blows.
Any bars showing bright leading edges
must be suspected.  Apply cure as in 6
above,

9. Low Bars.

This fault is invariably the result of bad
works assembly and if the subsequent

Undercut Mica

SECTION OF COMMUTATOR

COMMUTATOR SEGMENT BURRING.

turning has not been properly carried ont
flats will be observed, Returning}is the
only safe cure.

10. Armature Balance.

Out of balance of the armature will
cause a fluctuation of brush pressure and
sparking.  The cure for this is not alwavs
possible on site and is a matter to be taken
up with the manufacturer.

11. Faulty Connections.

Where bad soldering of the joints
between the bars and the windings are
found, then flats will nearly always be
tound, too, on the affected bars. To cure
the sparking remake the joints.

12. Air Gaps.

If the air gaps of the field poles or of
the commutating poles are not arranged
to give a good flux balance to the whole
system of the machine, circulating currents
will flow within the armature and will
result in bad sparking. (See No. 16,)
Brush curves should be taken and the
thickness of shim packing adjusted to
give a straight line potential curve at full
load.

ELECTRICAL CAUSES.
13. Armature Open Circuit.

When an open circuit occurs exceedingly
bad sparking will be experienced and

often  the sparking will develop into
Diagram to indicate relative brush sparking
! intensity for positions either side of true
Ahead of neulral position
True Neutral
o Back from true neutral
" ,G'__/‘?—f_g~\ T~ .
e iy —VYoke

" Indicator for

~— o
rocker positianing Brush gear rocking cradle

b e N
Armatire rotes;,

[NCORRECT NEUTRAL PosiTion TEST.
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ENLARGED VIEW
OF TEST NEEDLE

Tost fead

Soft lead pencil

and lead makes
contact with lead

Test needls to be placed at relative
points on the commutator surface
or end as shown with dots

METHOD OF TESTING FOR TAKING BRUSH CURVES

10 Y
1 " |
-
| “ ;/(‘T
0 30 +—0
I < ]
0 | Pl | —
Over 8traight line Under
Commutation Commutation Commutation

TYPICAL BRUSH CURVES.

AIR GaPs,

I the air gaps of the field poles or of the commutating
poles are not arranged to give a good flux balance to
the whole system of the machine, circulating currents
will flow within the armature and will result in bad

be obtained by running the mach-
ine with an excited field but
oft load and if a heavy soft
piece of iron is held near to the
armature and pulsations are felt
in the test piece, then the worst
may be feared. Shutting down
the machine and feeling round
the armature one may find a coil
which is much hotter than the
remainder. Coil replacement is
required.

15. Incorrect Neutral Position.

If the machine has not been
set with the brushes in the elec-
trical neutral position sparking
will be the result. By rocking
the brushes backward then forward
through the neutral position to
some point ahead of neutral with

sparking.

severe flashing. The mica between the
bars connected to the open circuited coil
will be found to be badly burned. The
failure of a joint connection between a
bar and the coil will give the same effect.
Also a partial failure which intreduces a
high resistance in the coil circnit will give
similar results. Replacement of the
faulty coil or remaking the faulty joint
is the remedy. As a check against the
visual location of the trouble arrange to
pass a small amount ot current at a very
much reduced voltage through the arma-
ture while the machine is at rest and with
a suitable sensitive voltmeter take pressure
readings between consccutive bars around
the commutator. An abnormally high
reading indicates the locality of the faulty
coil or joint,

14. Short-circuited Armature Coils.

Suspect these if a pulsating vibration
is noticed in the machine and the comm,
bars are found to be burned. Repeat test
as for 13 above but in this case an abno:-
mally low reading will indicate the seat ot
the trouble. A rough practical test may

a constant steady load on the
machine a position will be found
where sparking is a minimun.
However, when convenient it is advisable
to test for the true neutral position by the
““kick” methed or by running the
machine excited but with brushes lifted
and pressure difference readings taken
across a two-bars distance at a place
normally covered by a brush, while the
brush gearisrocked. Theneutral position
is the one giving minimum potential
difference.

16. Faulty Field Coils.

Whether the fault is due to faulty
windings or faulty connections, an out
of balance of flux distribution in the field
system with consequent circulating cur-
rents in the armature will arise. If no
equaliser connectors are fitted to the
machine then these circulating currents
will pass through the brushes and sparking
will be observed on certain arms only.
The volt drop across cach field coil should
be the same.

These causes and eftects do not exhaust
the subject for a book could quite easily
be devoted to it, but sufficient information
has been given to cover the more common
cases met with by the average main-
tenance man in the works or substation.
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CHANGEOVER PROBLEM IN

ELECTRICALLY DRIVEN FACTORIES

By RoBerT RawLinson

Thz quzstion of group versus individual drive is of great importance
to thz works cngincer in the frequency change of a factory,
and this important question is fully discussed in this series of articles

A MopERN INDIVIDUAL DRIVE MACHINE SHOP.

EIFORE the inception of the * Grid ”
B with its standard frequency, there
were many small individual stations
supplying electrical power to factories, and
these worked someon D.C.and someon A.C.,
while in the latter case there were many
different {requencies, such as 25, 33},
40, 50 or 334 cycles, to mention only a
few. The completion of the super power
network will see the abolition of the non-
standard systems and {requencies with
the result that any factory or works
which obtained its supply at anything but
three-phase, 350 cycles, will be faced
with the problem of changing over to the
standard frequency.

The Changeover Problem.
Where the original supply was taken on

the D.C. system, it will be necessary to
replace every motor except, perhaps, the
very smallest, which may be of the
universal type. This changing of motors
will apply in every case, unless the D.C.
load is exceptionally heavy and unless there
are a number of applications for which
D.C. is absolutely essential. In these
cases it may be most economical for the
supply authority to install converting plant,
but it may be taken that this will only
apply in exceptional circumstances. The
average factory will have to change over
to the A.C. system in every case.

In those instances where the origina
supply was taken on the A.C. system,
but where the number of phases or the
periodicity differed from the standard of
three-phase, 50 cycles, it will be necessary
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to change the majority of the motors in
some way. In certain cases, it may be
possible to rewind or reconnect some
machines so that they will operate with
almost the same characteristics when
connected on the new supply ; in other
cases, the motors must be replaced ;
ard some few small motors ‘will not
require any attention at all.

The Attitude of the Supply Authorities.

The general attitude of the supply
authorities has usually been extremely
helpful.  Since they are responsible for
the cost of the changeover and have either
to carry it out themselves or else remu-
nerate their customer for the cost of the
new or altered machines (being credited,
of course, for any replaced motors or
scrap), they have taken up the stand
that a factory may reorganise its motor
power to any reasonable extent providing
the cost does not exceed that of a plain
machine-for-machine replacement, or ad-
justment, or alteration of existing motors
where this is possible. A couple of
cases will make this clear.

A Typical Case.

Suppose that a factory already has 200
D.C. motors, all of which will have to be
replaced, the cost of complete replacement
being £2,000. According to the attitude
of the supply authorities which has so
far obtained, this factory may reorganise
its plant and drives in any way it wishes,
providing only that the cost to the supply
authority does not exceed the £2,000,
which would be the cost of a plain change-
over. Any excess of cost over this figure
must be borne by the factory itself, but
no stipulation is made as to the number
of new motors which are installed ;
they may either exceed or be less than
the original 200, as the reorganisation
demands.

Another Example.

In the second case we may consider
a factory which originally obtained its
supply on the three-phase A.C. system,
the periodicity being different from the
standard 50 cycles, Suppose that in this
case there are 20 motors which may be
rewound or reconnected at a total cost of

£400, and that 200 motors must be re-
placed, the cost of which would be, as
before, fz,000. This factory also may
revise and reorganise its motor power
in any way it wishes so long as the supply
authority is not called upon for more than
the plain changeover cost as set down
above, ie., £2,400. Any reasonable num-
ber of new machines may be installed,
but the factory must bear any excess of
cost over the £z,400 already mentioned,
and in some cases there is a stipulation
that the power factor must not be appre-
ciably lower after the changeover is
completed.

Questions Which Arise.

In most cases, full advantage of the
changeover is taken in order to reorganise
and modernise the electrical drives of
the factory, but before this can be done,
consideration must be given to the dif-
ferent characteristics which the new
50-cycle motors will exhibit when coni-
pared with the machines which they
are replacing. Some of the questions
which the factory engineer has to answer
may be summarised as follows :—

1. How many horse power do I require ?

2. What starting torque is necessary ?

3. What speeds can I get and how must
I alter my belting and gear drives ?

4. Shall T regroup my driven machines,
or would individual drive be better ?

5. Which of my existing A.C. machines
can I alter? Can my own maintenance
electricians carry out the alterations, and
how shall T work out the correct windings
or reconnections so as to make the altered
motors suitable for the new supply ?

6. Can I take advantage of the new
types of motors and enclosures so as to
gain improved reliability, better opera-
tion and easier maintenance ?

7. Will it pay me to install special
power factor correction apparatus ?

8. How can I deal with the applications
which must have a D.C. supply ?

The above queries are the main ones
which should be carefully considered
before commencing any alterations to the
factorv drives. Next month we shall deal
fully with methods of determining the
horse power required.
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THERMAL OVERLOAD TRIPS FOR
SMALL MOTORS
By G. W. Srussins, B.Sc.,, AM.LE.E.

to protect the motor in circumstances

ILL quite reeent vears the fusible

I cut-out was the only convenient

available device for the protection

of small motor circuits. Although the

fuse is very suitable for lighting circuits,

in which excessive currents rarely cccur

excepting through insulation failure, it has

serious limitations when used for motor

circuits, and particularly so when the
motors are of the A.C. induction type.

Why Fuses are Unsuitable.

The unsuitability of the fuse in such a
circuit arises from two circumstarces.
In the first place, it is possible for a current
to flow in a motor circuit which, although
not excessive to the degree of a short
circuit current, is too high to be carricd
for any but a limited pericd.  Sccondly,
transicnt currents which may be  {our
or five times the {ull load value may
be taken by the motor during starting
conditions, the operation of the ma
chine being quite normal. Although
the action of a fuse in interrupting a
circuit is not instantancous, except the
current have a very high value, the
time lag in its opera-
tion is never very

when currents representing moderate over-
loads are flowing.

The Small A.C. Induction Motor —Starting

Conditions.
It will be useful briefly to recapitulate
the nature of the conditions in which

abnormal currcnts can flow in a motor
circuit withcut thcere being any failure
of the insulation. We have already
referred to the high starting current re-
quircd by small A.C. induction motors of
the cage rotor type, as these motors are,
almost invariably. The reason that a
motor of this type requires a very high
starting current in comparison with a
dircct current motor of similar rating
is that, at the instant of starting, the
current taken by the motor is of very low
power factor.

Result of Low Power Factor.

The result, or we might  almost
say  the meaning of the low  power
factor, iz that the association of

the mwotor current and voltage gives rice
to arelatively
feeble torque on the

a0
large. In other

words, if with a fuse
of certain size we

rotor. If the start-
ing current of a cage
rotorinduction motor

D
S

pass a current which
is very little in excess
of that which it can
just  carry indefi-

in Second's

were limited by in-
serting resistance in
the circuit, as is done
with a D.C. motor,

Py
(S

nitely, the action of
the fuse will not be
delayed  for  more

Il

Circuit Breaker

the starting torque
would Dbe so reduced
[ that the motor might

[
S

than perhaps 20
sceonds.  If, there-
fore, the size of the

fuse in a motor cir- L

7-/./776 [ag:

A high

. T not start.
' \ starting current, of
Fuse —

the order of three or
four times the value

cuit 1s so graded as 0
to be large enough
to carry the heavy
starting current the
fuse will be too large

700

ILLUSTRATING THE

Per Cent of Full Load

DIFFERENCE BETWEEN THE
TIME LAaGS OF A FUSE AND A THERMAL OVERLOAD
RELEASE,

of the full load cur-
rent, is therefore
almost essential with
small A.C. induction
motors,

200 300 400
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¢¢ Single-phasing ’> of Three-phase Motor.

Moderately excessive currents in an A.C.
motor circuit can, of course, be set up
by overloads, as with a D.C. motor. There
are, however, two circumstances, other
than overloads, and peculiar to A.C
motors, which can give rise to excess
currents. One of these circumstances
arises from what is known as the single-
phasing of three-phase motors. If one of
the leads supplying a three-phase motor is
opened, the motor will continue to run
as a single-phase machine. In this con-
dition the current taken by the motor will
be increased about twofold. Here, then,
we have the case of a moderately excessive
current brought about by a condition
other than insulation failure or overload.
If the fuse of a motor working in this
condition is rated to carry double the
full load of the motor, then it is evident
that, through single-phasing, the motor
might draw one and a half times full load
current from the mains till it burnt out.

Unbalanced Supply Voltage (Three-phase).

A second possible cause of moderately
excessive currents may be badly un-
balanced supply voltages. It is a funda-
mental property of an induction motor that
it automatically tends to correct voltage
unbalance, and it does this by drawing
unbalanced currents from the mains,
additional to those required for the load.
The unbalanced currents help to mitigate
the voltage unbalance, but they heat up
the motor. An effcet of this kind is not
likely to be very pronounced, but it might
be sufficiently serious with a motor which
is delivering its rated load, or perhaps a
small overload, to increase the currents
above the value of that which can be
carried indefinitely. Here we have an-
other case of a moderately excessive
current which cannot be dealt with by a
fuse which is large enough to allow of the
starting currcnt to be carried.

THE THERMAL OVERLOAD TRIPPING
ATTACHMENT.

Efficient protection of small A.C. motors
has recently been made possible by the
development of the thermal overload
tripping attachment,

Construction and Operation.

This device comprises a circuit breaker,
the latch of which is controlled by the
deformation of a bi-metallic strip placed
in proximity with a heating coil which
carries the motor current. The bi-metallic
strip is composed of two metals having
different rates of expansion, and the effect
of the rise in the temperature of the strip,
due to the heat communicated from the
heating coil, is to bend the strip, and
relcase the latch holding the circuit
breaker in the closed position,

The Action of the Thermal Release.

The action of the thermal release isinher-
cntly slower than that of the fuse, for, not
onlyare the partsheated by theload current
of greater thermal capacity than a fuse,
but the heating of the strip takes place
comparatively slowly by radiation from
the heating coil. Consequently time lags
of over one minute can be obtained, and
these time lags are quite consistent, in that
they will be repeated with considerable
accuracy with the same value of the
current.

Time Lag and Trip Setting.

The time lag characteristics of fuses and
thermal overloadtrips areshown in theillus-
tration, and it will be seen thatitis possible
to set the thermal trip so that the motor is
protected from the effcct of a continuous
overload of 125 per cent., but no tripping
will take place with a transient current
of four times full load at starting. It will
also be seen from the diagram that the
time lag of the thermal trip persists for
very large overload currents, and that
this device is not suitable for providing
instantaneous isolation in the event of a
short circuit. For this purpose fuses
should be used.

The {following schedule sets out the
relative advantages and disadvantages
of the fuse and the overload trip for A.C.
motor protection.
|

f Fhermal Trip. |

Fuse.

! Practically useless {

Overload protection | Very efficient
i 125 per cent. of ‘ Four times follload

Usual setting

fullload

Short eircuit pro- | Not suitable Suitable
tection

Maintenance None,  automati- | Considerable

cally Tesets

atter operiation

| Within 5 per cent.

Accuracy L. Poot, unless It

auently renewed
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LOCATING FAULTS IN POWER CABLES
By C. Grover, AM.LE.E.

The accurate and speedy localisation of faults in cables is of vast importance
in electrical work, and in this article Mr. Grover describes some of the
principle causes of faults and explains the best mezthods of locating them

AILURE of the dielectric in cables
usually results in a failure of
supply, therefore, accurate tests

for the localisation of faults must be made
as soon as possible after the occurrence of
the failure.

The faults may be situated in the cable
itself, a joint, a terminal sealing chamber
or in L.T. cables only, a disconnecting box.
The same methods, however, are appli-
cable whatever the

with the resistances calculated from the
known conductor areas.

From these two sets of measurements,
the condition of the fault can be deter-
mined.

An Example of a Faulty 3-core L.T. Cable.
Take for example a 0.I sq. in. 3-core
L.T. cable 1,057 yards long. known to be

faulty. Calling the red, yellow and blue
phases R, Y and

fault position. 8Ause B respectively,

o Tasyme Y Puase tlu? insulation tests

Principal Causes of sno, ] e by a megger
Faults. 436 were \—

The principal e R to Y, B I‘ree
causes of mains B i X . o
faults are: Fug. 1.—A TypicaL FAuLT CONDITION. .

T This favlt can be accurately localised by the R to B, Y Free

(x) D‘}mdge t0  Murray loop test, but it is essential that the con- 100
sheathings and tinuous or the Band IR cores are selected for forming 00 megs.
insulation through  the loop. Y to B, R Free
external blows ; = 100 megs.

(2) Subsidences and expansion trou- R to Earth or
bles ; lead sheath 0 megs,

(3) Defectively constructed joints or Y ,, Earthor
service connections, lead sheath 0 )

B ,, Earthor
How the Condition of the Fault can be lead sheath 100

Determined.

Before any particular test can be applied
with an assurance of obtaining a correct
result, the precise fault condition should
be ascertained. This isbest doneby making
the following measurements :—

(1) The insulation resistance between
each conductor of the cable and between
cach conductor and earth. A megger
would ordinarily be used, but if the
readings are zero the fault resistance com-
ponents are not necessarily zero : a further
test should be made with a \\heatstone
bridge.

(2) The resistance of each loop which
can be formed by pairing cores of the
cable. The results should be compared

The conductor resistance tests by Wheat-
stone bridge were :—

R looped to Y 5.32 ohms,
R , , B 0.52 ohm.
Y ,, ,, B - 5.35 ohms,
R to lead sheath 950
i ” » ”» B 230 LRl

What the Megger and Resistance Tests
Show.

The megger tests and resistance tests
on the faulty cores to lead sheath show
that the insulation of the B core is sound,
but the R and Y cores each have compara-
tively low resistance earth faults, Solving
the simultaneous equations for the loop
resistances, the resistance of the Y core
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is approximately 5 ohms in excess of the
value calculated from the B.E.S.A. Speci-
fication No. 7 for the resistance of the
length of 0.1 sq. in. conductor, whilst the
resistances of the R and B phases are
in fairly close agreement with this calcu-
lated value. Obviously, the yellow core
is burnt through leaving a low resistance
at the break. The fault condition is
therefore represented by Fig. 1.

[t will be seen later that this fault can
be accurately localised by the Murray
loop test, but it is essential that the
continuous or the B and R cores are
sclected for forming the loop. If the
discontinuous core is included in the loop
the test result will be valucless.

2 kay — ool - 3 -
Ay = =
Swrreh
| L
o
- .__'
"
Xy
=L
Firg. 2 HOW 1O CONNECT A BATTERY GALVANO-

METER WELL-INSULATED  T'wo-way
SWITCH.
I‘'or making a capacity test where the fanlty
cable section does not exceed a few hundred
vards.

AND A

Effects of a Fault Arc on E.H.T. Cable.

As E.H.T. cables, that is those operating
at voltages above 3,300, are usually pro-
tected by switchgear which operates very
ranidly on the occurrence of a fault, the
cffects of the fault arc are limited, rarely
causing severance of conductors or a
complete burn-out of all insulation.

Effect of Fault on L.T. Cables.

On the contrary, however, LT, cables
protected by heavy fuses or heavily set-
over load circuit breakers are more liable
to severe burning on the cecurrence of a
fault, hence, whilst it is strongly recom-
mended that loov resistance tests be made
on faulty E.H.T. cables, they are not s»
vitally important as in the case of L.T.
cable faults, In the latter case, however,
failure of supply at any consumer’s ter-
minals gives a direct indication of a break.

Faults on Twin or Concentric Cables.

The diagnosis of the fault condition on
a twin or concentric cable would be made
on similar lines but fewer tests would be
required. In the absence of a sound
return conductor, single core cables present
some difficulty in checking continuity,
because if this is done by a Wheatstone
bridge resistance test with the far end of
the cable conductor carthed, polarisation
currents or earth currents at the fault
make balance very difficult to obtain.
As, however, a fall of potential method
would probably be resorted to, the con-
tinuity check is of lesser importance,
as the accuracy of this test mav be
unaffected by a conductor break of low
resistance.

TYPES OF FAULTS.

Faults can be classified as follows:—

() Discontinuities or breaks leaving
high insulation,

(8) Discontinuities or breaks leaving
low insulation.

(¢) Low insulation between conductors
only.

(p) Low insulation between conductors
and earth only.

(E) Any combination of (aA), (B), (¢)
and (D).

Methods of Localising Cable Faults.

The methods of localising cable fanlts
ordinarily used are :

(1) Capacity tests; applied to (a) only.

(2) Murray loop test; applied to (¢),
(») and (k).

(3) IFall of potential tests; applied to
(8), (©), () and (k).

(4) Induction methods ;

{A), (B), (D) and ().
CAPACITY TEST.

Assuming the faulty cable section does
not exceed a few hundred vards and cach
end of the broken conductor complies with
condition (a), connect a battery galvano-
meter and well insulated two-way switch
as in Fig. 2. The galvanometer should
be a highly sensitive moving-coil instru-
ment, preferably of the suspended coil
type. The two-way switch may be an
ordinary two-way tumbler lighting switch
of good insulation,

applied  to
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Connecting the Switch and Galvanometer.

This is first put into the position which
connects the cable to the battery and left
on for a few seconds ; it is then switched
to the other position which causes the
cable to discharge through the galvano-
meter giving a deflection d, which should
be made reasonably large by adjusting
the battery voltage. Now substitute a
Joth microfarad condenser, shown dotted
in Fig. 2 (a wireless pattern is quite
suitable), for the cable, using the same
battery E.M.F. and repeat the switching
operations, noting the deflection d,. If K
represents the capacity of this condenser,
the capacity of the cable K, up to the
break from the testing end is given by

Ky — K )
I‘rom the other end of the cable, observe
the discharge deflections on the cable and
condenser similarly and let these be
d, and d, respectivelv ; the capacity of
the cable up to the break from this end is
oo dy
K) }\vd‘

H L is the length of the faulty cable in
vards
dydg 1.
Ky + Kv didy + dydy "
If there is a sound similar core or cable
available d, may be observed on this
instead of the condenser, which may then
be dispensed with and the test made from
one end only ; whence the fault distance
is then :

Kx L

X ards.

(i
X 'L vards.

d,
Good Insulation Essential.
Leakage will upset the accuracy of this

test © the cable and a»paratus should
therefore have an insulation of several
megehms,

Souyno (ore

FauLry Core

A j— @ ——-——— b o
(~)
- \.8
IFi¢. 3R -CONNECTION FOR CAPACITY BRIDGE
TEST WHERE A SoUND SIMILAR CORE IN A

FAavrLty MULTICORE CABLE !'S AVAILARLI,

27773

=
FFrg. 3a.—UsinG a Caracity Briber 1o TesTt
FOR A BREAK.

Cis adjusted to give minimum sound in head-
phones.

As the deflections of the usual types of
portable galvanometers can only  be
observed to two significant figures, this
test cannot be applied with anyv accuracy
to cables several thousands of vards in
length,

H only one side of the break conforms
to condition (i), then it is best to use
a known length L of sound =similar size
cable in place of K, with its lead sheath

effectively earthed.  Then
d,
L. vards.
d. var

Best Voltage to Use.

The best voltage to use in thiz test will
denend upon the size and length of the
cable and the sensitivity of the galvano-
meter. Tt should be just high enough to
give the largest deflections obtainable,
2\ Go-volt racdio H.T. battery is well suited
for the purpose, as a wide rarge of voltages
is available for selection,

A Useful Practical Test.

A very useful practical test consists of
nieasuring the charging currents from a
s50-cycle supply with earthed neutral
into the broken core with an \.C. milli-
ammeter and comparing it with that into a
sound core of the cable or that on a known
similar length. Representatives figures
for the capacities of 3-core power cables
are 0.15 to 0.0 microfarad per 1.000 vards
per core, with the other cores and lead
sheath earthed, which at 250 volts to
earth, represent charging cwrents of
approximately o.012 and o048 milli-
ampere per vard respectively. An instru-
ment  sealed to one-tenth milliampere
provided with non-inductive shunts of
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Fig. 4.—A SIMPLE WHEATSTONE BrRIDGE CIRCUIT.
multiplying powers 10 and 100 would
meet most practical cases. If I, is the
charging current in the broken core,
I, that into a similar sound core of the
cable and L the cable length, the distance
to the break is
L
I,
Using a Capacity Bridge to Test for a
Break.

The most convenient practical test for
a break is made with the capacity bridge.
In Fig. 34, A E represents a non-inductive
slide wire or resistance box ; this may be
improvised by stretching a few feet of
20 S.W.G. resistance wire between two
points. K, is a condenser of known
capacity and B a buzzer energised by a
few dryv cells. T is a pair of medium
resistance headphones. Let Kx represent
the capacity of the cable up to the break.
By moving C along the slide wire a point
of silence or minimum sound can be found
dividing A E into a and b length units,
whence :-

4

. Ka .
Ky = —— mucrofarad.

b

It will be noted that the factor %

s the reciprocal of the corresponding
factor where Ky and K are resistances as
in the Wheatstone bridge, because a high
capacity acts as a low resistance and vice-
versa. A convenient value for K is 0.5
microfarad.

If the break has a high insulation from
each end of the cable K need not be known.
Make a test as Fig. 3a from each end,
calling the slide wire divisions @ and 0,
and a,, b,. If L is the cable length in
vards

L Lab,

© = Wb+ ab, YV
% being reckoned from the cable end
from which @ and b were observed.

How to Calculate the Fault Distance if
Capacity per Yard of the Cable is
Known.

If the capacity per yard of the cable
is known from the maker’s certificates,
the distance to the fault is found by
dividing this value into Kx. If this unit
capacity is not available it can be deter-
mined by substituting a known length of
similar cable for the faulty cable in Fig. 3A.

If a sound similar core in a faulty
multicore cable whose length is I. vards is
available, then connect as I'ig. 3. By
similarly adjusting the point C, where
AD now represents the slide wire,

= L—Z— yards.

It would be incorrect to use another
conductor of a faulty concentric cable,
because the capacity of the conductors
per unit length is dissimilar,

MURRAY LOOP TEST.

This test is a simple Wheatstone bridge
circuit represented in Fig. 4. A loop is
formed by joining solidly together the
distant ends of the faulty core and a sound
similar core.  Fig. 4 assumes this condition
in a 3-core cable of which R, Y and B
represent the three conductors, the latter
being faulty.

When the position of S is adjusted s»
that r.o galvanometer deflcction occurs,

201

a+b
yards.

CONNECTIONS WITH A PosT Orrice

PATTERN BRIDGE.
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Simplest Way to Carry Out the J\é{
Test. 25

The simplest way to carry out —- © z
this test 1s to connect securely y7r 7
and stretch out straight a few =
feet of approximately No. 20 2 4
S.W.G. resistance wire across the .“:jr M.
ends of the cable loop and A -

connect a sensitive galvanometer
across the cable ends, a suitable

galvanometer being a portable A4¢Jwey
suspended pattern d’Arsonval
galvanometer, provided with a Fig. 0~

pointer and mirror, having a
coil resistance of 18 ohms
and an approximate sensi-

tivity of 0.2 X 10-¢ ampere per scale
division on the pointer, and 5 X 10-*
ampere per millimetre at a scale distance
of one metre when used as a reflecting
instrument.

The unearthed end of the battery E
can be connected to the blade of a penknife,
the sharp edge of which is slid along the
resistance wire to a position S at which
the galvanometer deflection becomes zero.

If the lengths of the stretched wire
S A and S B are a and b inches respectively,
% is given by formula (x).

Connection Forming Loop Must be Short.
The connection forming the loop at the
distant end must be short and as nearly
as possible of the same sectional area as
the cable conductors.
If it is impossible to make a short loop,
the length thereof must be added to zL.

Attach the Stretched Wire and Galvano-
meter Leads Direct to Cable Ends.

Whenever possible, the stretched wire
and galvanometer leads should be attached
directly to the cable ends. If this is not
practicable, the connections AC, D B,
Fig. 4, must be as stout and short as
possible.  As only light wires are necessary
for the galvanometer these can be con-
veniently connected to the cable ends.
If this is not done the * equivalent
length ” of the connecting leads AC,
D B must be added to 2L.

What to do if Conductor Sizes Vary.

Formula (1) assumes that the resistance
per vard of the cable loop is uniform

|CIRCUIT FOR APPLYING MUrrAY Loopr TEsT TO

HIGH-RESISTANCE FAULTS.

Showing the use of themionic rectifying valves.

throughout. If the conductor sizes vary,
then one must be converted to the equiva-
lent length of the other; for instance,
if in Fig. 4 the R and Y were 19/.083
(0.1 sq. in.) conductor and the B 19/.064
(0.06 sq. in.), it will be necessary to convert
the length of the Y to an equivalent of the
B which is

(.064)2
I x
~ (.083)*

The equivalent loop length in terms of

.00 sq. in. conductor is then

(-064)’)

L (x+ (Ga
which will be substituted for 2. in formula
(1).
)NOTE.-—It would not be convenient to
convert the B conductor to an equivalent
length of the Y, because x would be given
in an equivalent length of 19/.083, which
must be converted back to termsof 10/.064.

Why the Position of the Galvanometer and
Battery Should not be Reversed.

Although theoretically it is possible
to reverse the position of the galvanometer
and battery, there are two objections to
this in practice: (1) The fault is rarely
free from polarisation or earth currents
which do not affect the test if the battery
Z is in the fault circuit, but which may
cause violent fluctuations and even damage
to the galvanometer if it is connected in
the fault circuit. (2) If E is a storage
battery there is a risk of overheating the
slide wire A S B, which may give rise to a
thermo-electric E.M.F. which will intro-
duce errors,
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SINGL] -VALVE

COMPLETE
Siitable for pressures up to 50 6o k\'. D.C,
of breaking down faults and supplving the localising current

Fig, 7. A

on cables up to
N-Ravs, Ltd)

As, however, it is sometimes necessary
1o resort to reversed positions of battery
and galvanometer, due attention should
be given to these points, The walvano-
meter key K must be used and closed
before the battery circuit is closed. 1f
a fairly steady deflection persists, balance
must be effected by adjusting the position
of S untit this deflection remains unaffected
when the battery is switched on,  This is
called balancing to a ** false zero.”
Testing Sets Incorporating Slide Wire

Principle.

A large variety of testing sets incorpora-
ting the slide wire principie are available,
the simplest of which embodies a resist-
wice wire about a metre long stretched
above a scale of one metre divided into
millimetres, with a slider which makes
contact with the stretched wire, If A B
(Fig. 4) represents this wire, a + 5 will

2b 1.

always equal 1,000, whence v is
1,000

33 k\V. working pressure.

TrsTING

/ being in millimetres, and alwavs
reckoned from the end of the
slide wire to which the faulty
core is connected.

What to do When Dealing with
Long Lengths of Cable.

For long lengths of cable tle
slide wire must be longer, for
assuming balance can only be
accurately read to one slide wire
subdivision, the possible error in
a one metre wire is 1 yard for
every 1,000 vards of loop length,
Instruments are available in which
the slide wire is subdivided into
10,000 parts giving an accuracy
of 1 yard per 10,000 yvards of loop.
It is necessary, however, that the
galvanometer is sufficiently sensi-
tive to respond to one division
variation  from  the point of
balance to make the best use of
the slide wire, that the fault
resistance must not exceed a fow
hundred ohms and that adequate
battery power is available, [For
fault resistances of a few thousand
ohms, a Co-volt wireless battery
or better still, a 1,000-volt hand
generator capable of delivering
50 milliamperes is useful,

I a 3-wire D.C. supply is available
liaving an carthed nreutral, a bank of
lamps connected between S (Fig. 4) and
an outer in place of the battery E will give
good results, but all apparatus should be
adequately insulated or errors will arise
through leakage.

Using Two Arms of a Wheatstone Bridge.

Instead of a stretched wire bridge,
two arms of a Wheatstone bridge may be
connected between A and B (Fig. ).
Fig. 5 shows the connections with a Post
Office pattern bridge. By first connecting
the battery terminal shown earthed to A
the resistance of the loop can be checked,

In making the localisation test all
plugs are inserted in the arm C A, The
arm SC ard the variable arm SB are then
adjusted to balance, cach being kept as
high as possible. 1If SC and SB are
represented by « and b ohms respectively,
formula (1) gives the distanceof x in vards.

SET.
capable

{Messrs.



January

~ THE PRACTICAL ELECTRICAL ENGINEER 237

The observations already made respect-
ing the changing over of battery and
galvanometer positions apply equally, but
it is unwise to use a supply {from D.C.
mains instead of a battery as a serious
risk of burning ot the resistance coils is
involved.

High Resistance Faults with L.T. Cables,

When the fault resistance is several
thousand ohms any of the foregoing loop
tests fail, as sufficient current cannot be
passed through the galvanometer.  With
LL.T. cables, the application of 1,000 volts
A.C. from a small transformer will gener-
ally reduce the fault resistance to a sufhi-
ciently low value for a successful loop test.

High Resistance Faults in E.H.T. Cables

High resistance faults in E.H.T. cables
present a more dithcult problem ; often
they will sustain the normal working
voltage for days and in the absence of a
testing transformer the risk of damaging
the windings of spare supply transformers
precludes the application of voltages in
excess of the working pressure.

Using Thermionic Rectifying Valves to
Reduce Fault Resistance.

In these circumstances the fault resist-
ance can only be reduced by the applica-
tion of high-tension D.C. voltages obtained
from thermionic rectifying valves, the
operation of which depends upon the prin-
ciple that a highly evacnated space
containing two electrodes, the cathode of
which is incandescent and the anode
comparatively old, possesses a unidirec-
tional conductivity.  The cathode is
rendered incandescent {from a source of
supply insulated from earth for the pressure
to be applied to the cable.

In Fig. 6, T, is a transformer with a
highly insulated secondary winding which
incandesces the valve filament. T, is a
step-up transformer of small capacity
(say 1 to 3 kVA) and R, is a water
resistance which enables regulation of
the output voltage of T, to be made.
M is a moving coil milliammeter which will
record the average current passing through
the valve and cable.

The latter is indicated at the right of
Iig. 6, with one conductor connected to
the valve, the other cores and the lead

Fig. 3.

HicHLY INSULATED  SrLipi  WIRE

BRIDGE AND GALVANOMETER.
This is specially designed for use with high
tension  D.C. (Watson  and  Sons (Electro-
Medical), Ltd.)

sheath being earthed. R, is a resistance
of the order of 200,000 ohms for protecting
the valve against excessive currents.
This can, however, be dispensed with when
a fault resistance is rednced to a low
value. In effect, the H.T. transformer
secondary winding T,, the valve R, and the
cable which represents a condenser, form
a simple series circuit ; as the valve will
only pass current i one direction, a charge
will acciunulate in the cable core, if the
insulation is sound ; if not, a unidirec-
tional pulsating current will traverse the
leakage path, or cable fanlt,

Applying the Murray Loop Test to High
Resistance Faults.

This principle is used in applying the
Murray loop test to high-resistance faults,
Valve apparatus similar to Fig. 6 replaces
the battery E in Fig. 4, and a specially
insulated slide wire and galvanometer is
used,  Cable  faults having a  marked
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tendency to seal up, may require the
application of several thousands volts
pressure initially to break them down after
which currents up to 100 milliamperes can
be steadily passed by the rectifying
apparatus, which allows a very accurate
loop test to be made.

Precautions to be Observed when Breaking
Down a Fault.

It is always advisable to have an
clectrostatic voltmeter, V' (Fig. 6), con-
nected to the cable end so that excess
pressures can be avoided during the
process of breaking down a fault. D.C.
pressures should not exceed three times
the normal working pressure of the cable
to earth, and on very old cables, twice the
working pressure. Further, when breaking
down a fault the cable should be dis-
connected entirely from switchgear and
busbars.

Before a fault is fully developed. a charge
of several thousand volts can be built up
in the cable, which at a certain pressure
will suddenly arc over at the fault and
discharge the cable. This process may
repeat itself several hundred times, the
pressure at which the fault arcs over
gradually decreasing until no voltage
accumulates in the cable, but steady
currents of 50 to Too milliamperes can be
passed, as recorded by the milliammeter,
according to the size of step-up trans-
former and the type of valve used. No
attempt to localise the fault should be
made until this condition obtains, for if
there is any tendency for the fault tem-
porarily to reseal itself there is a risk of
severe shock to the operator and damage
to the apparatus. Currents of 50 to 100
milliamps. are ample for an accurate loop
test if the slide wire and galvanometer
have resistances of the order of 10 ohms
and 20 ohms respectively.

Single Valve Testing Set.

Fig. 7 shows a complete single-valve
testing set suitable for pressures up to
50/60 kV. D.C. capable of breaking down
faults and supplying the localising current
on cables up to 33 kV. working pressure.

Fig. 8 illustrates the highly insulated
slide wire bridge and galvanometer spec-
ially designed for use with high tension

D.C. The long rods on the slide wire
are made of ebonite for the safe manipula-
tion of the sliding contact and the galvano-
meter short circuit key. The slide wire
is divided into 1,000 parts casily read to
half a division and resistances of 1, 5 and
10 times the slide wire resistance are
incorporated in the instrument, so that the
slide wire can be lengthened by thesc
multiples when the fault is near the end
of the loop. This enables a reading of
three significant figures to be observed ;
otherwise in this circumstance, the accu-
racyv of observation on a long loop would
be small and consequently the calculated
fault distance would probably be scveral
yards in error.

In using the apparatus shown in Figs. 7
and 8, the connections would be as in
Fig. 4, except that the output side of the
valve in Tig. 7, would be connected to
the sliding contact of the slide wire.

The precautions previously mentioned
as regards low resistance connections in
the loop and conversion to equivalent
lengths must be observed.

Loop Tests on Branched Cables.

On a cable having solidly connected
branches, a loop test should be made with
the various branches looped at their ends
in turn, the other branch ends being left
open circuited. A moment’s reflection
will show that if a fault is in an open
circuited branch, the loop being closed on
another sound branch, then the fault
position will be given at the T joint of
the open circuited branch, which would
not be correct.

‘¢ Short ’ Between Two Cores.

If the fault is a ““ short”” between two
cores and not an earth, the loop test gives
excellent results, provided a good return is
available, as in Fig. 4 one of the *“ shorted ”
cores is used instead of earth. In Tig. 1,
for example, the loop would be formed by
the B and R phases and the end of the
battery shown earthed in Fig. 4 would be
connected to the Y phase instead. The
testing apparatus should be insulated from
earth in this case.

A later article will deal with f{fall of
potential tests, and testing by the induc-
tion method.
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The Editor invites correspondence from readers on any subject of general interest

to members of the electrical engineering profession.

Letters should be addressed

to THE EDITOR, The Practical Electrical Engineer, 8-11, Southampton
Street, Strand, W.C. 2.

Protecting a Building from Lightning and Line
Surges.

Sir,—Can you tell me how to protect a
building which receives its electrical supply
from an overhead transmission line, from the
effect of lightning and line surges ?

R. M. C. (NEWCASTLE).

Horn type spark gap arrestors should be fitted
at the entry of the lines to the dynamo and motor
shed.

Should the switchboard be fitted inside a building,
the incoming and outgoing lines should be also
fitted with arvestors.

Impedence couls of
fow reactance

Impedance coifs of
low reactance

Horn type arrestors Horn type arrestors - —
| T
n -
ornako N Arrsstors ftted hore if the r L
f_} 8.8.4s inaide 2 buiiding | Q

Earthed siqe of areestors Earthed side of arrestors

How HoRrRN TYPE SPARK GAP ARRESTORS SHOULD
BE FITTED.

The arrestors should be fitted close to the pornt
of entry of the lines tnto the building, and may be
clamped on to the lines, thus avoiding the necessity
of making joints.

The ends of the lines should be cotled in a few
turns to act as a low reactance impedance coil:
this 1s, in effect, a high resistance to oppose the
passage of H.I'_currents, due to lightning discharge,
tnto the apparatus and machinery contained inside
the butldings.

v The spark gap in the arrestors should be small,
owing to the low pressuve nature of the distribution.

An authority on lightning conductors and
protection of buildings from damage due to
lightning discharge, is Sir Oliver Lodge.

His book entitled, ** Lightning Conductors and

‘Lightning Guards,”’ may be consulted with advan-
tage.

Heavy Synchronous Motors.

Sir,—Can you tell (1) What will happen to a
hcavy synchronous motor when the exciter

circuit is suddenly switched off, with the motor
running at normal speed? By exciter current |
mean the D.C. circuit supply current to the
ficld of the synchronous motor. (2) Is there
any other method except by using a transformer
to start the heavy synchronous motor ?

A. K. BHAUMIK (STRETFORD).

(1) A definite answer cannot be given to this
question because no data are avatlable of the design
of the motor, the nature of the load, nor of the supply
svstem. I‘ull data would be requived on all these
points before any definite statements could be made.

We may assume, however, that the synchronous
motor 1s of the modern self-starting type with u
squirrel-cage winding in the pole fuces. We will
also assume that the supply systems to which the
motor is connected is capable of maintaining its
voltage and frequency when large drafts of ciurrent
are taken from the mains.

The effect of opening the exciting circuit 1s to
convert the machine into an induction motor. The
magnetising current, which normally was supplied
from the divect-curvent exciter, will now have to be
supplied from the A.C. mains. Thus an increase
of current will occur, and the power factor will
be reduced.

The motor will, of course, fall out of step ; but
whether or not 1t wll continue to run slightly below
synchronous specd as an tuduction otor will
depend upon (1) the pull-out torque corresponding
to induction-motor operation ; (2) the actual load
on the motor.

Due to the relatively large air gap the pull-
out torque when operating as an tnduction motor
will be lower than that of a true nduction molor of
stmilar size, and tn the present case may be much
less than the pull-out torque when operating as a
synchronous notor ; in fact, this torque may vary
between one-half of full-load to twice full-load
torque according to the design of the pole-face
winding.

Hence, tf the motor were lighily loaded 1t would
probably continue to run as an tnduction motor.

Due, however, to the flywheel action of the heavy
machine, the speed will fall gradually to its steady
sub-synchronous wvalue, and, in consequence,
when the excitation 1s removed, the stator current
will not vise suddenly to its steady value, but may
take several seconds to veach this value.
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(2} Svuchronous wmotors ave usually
Jitted with o squiveel-cage  pole-face
winding for the double  purpose of
preventing hunting (by damping sudden
trregularities in the speedy and to provide
sufficient starting torque to enable the
machine to start against light load when
the stator wanding 1s connected to the
supply svstem and the field winding
ts unexcited.  In ordertolimitthe curvent
taken from the supply svstem, the motor
s started at reduced  voltage.  Auy
method of reducing the voltage may be
used (c.g., a serics resistance, a series
reactance, oy a transformer), but the best
method 1s the transformer, as the cur-
rent taken from the supply is reduced
as well as the voltage applied to the motor .

In some wmodern syuchronous motors
i which high torque is vequived at
stayiing, the pole-face winding takes
the fornt of u polvphase winding similar
to the rotor winding of a slip-ring induc-
tron motor.  This winding 1s connected
to slip-rings an the same manner as
inoan induction wmotor. The motor is
started at full voltage (i.e., no trans-
SJormer is used) with external resistance
connected to these slip rvings, and this
resistance ts cut out in steps to bring the
notor up to nearly synchronous speed.
The motor then pulls into step when excitation is
applied to the field winding. When running, the slip
rings arc kept permanently short circuited, so that
the pole-face winding acts as a damper winding.

1t should be noted that in this tvpe of synchronous
wmotor, the rotor is of the salient-pole type and has
two distinet windings, viz., the ordinary excitation
winding and the pole-face winding. “The motor,
therefore, differs considerably from a svuchronous-
wnduction wotor. Further details can be found
in the Transactions of the American Institute of
Electrical Engincers, vol. 50 (1931), p. 600,

Rewinding a Small Motor.

Sir,—Would you be good enough to inform me
how to wind a motor armature which has
14 slots and 28 commutator segments  for
tro volts D.C., speed 3,000 r.pm. ?

S, W. McLovenuin (HoLMEs CHAPEL).

The winding data relates to a motor having an
armatire vz, diameter, with 14 slots and «
28-segment commutator.  The motor is to work on
a D.Cosupply of 110 volts.

<A motor of this type must have a dupley armature
winding, because there are twice as many comm-
tator segments as there are slots on the armature.
The accompanving diagram shows the completely
wound armaturc. There are 28 coils of 4o turns
cach of 29 SI.G. double-silk covered wire.
The first half of the winding is shown in the dia-
gram by jull lines, while the second 13 coils are
shown by dotted lines.  One coil is emphasised in
the diagram to indicate the span of the coils. The
order of winding the coils is as follows —

Wind vound slots 1 and 7. then 13 and 7,13
and 5, 1i and 5, 11 and 3, 9y and 3, 9 and 1, then
repeat.

THE COMPLETELY WOUND ARMATURE.

Loy the fields, wind two cotls of 3,900 turns each,
with 38 S.IV.G. enamel-covered wire, on wovden
Sformers.  After binding the cotls with empire
tape, they are transferved to the magnet. 1Thefields
are connected in series with one another and in
parallel with the brushes or armature. In the
diagram the brushes are shown in the neutral
position with vespect o the field magnets, but
under working conditions the brushes should be
displaced from the neutral position in the opposite
direction to the rotation of the machine. The field
coils will vequive about § 1b. of wire and the armature
3-4 ounces. '

Fixing Wall Spikes.

SirR,—Can vou tell me how wall spikes are
fixed in a wall, where the public supply is on the
overhead system and house services are taken
straight from a pole and fixed on the house
walls by means of small shackle insulators ?
If cement is used what is the correct mixture ?

H. STEVENSON (BROTTON).

Distyibution line fittings fived to houses are
secured in a wvariety of ways, depending on the
nature of the fitting and the class and condition
of the wall. Ordinary wall nails may be used,
driven into the wmortar, or screw bolts screwed 1nto
a drilled hole of the corvect size. When rag bolts
are used, thev are grouted in with cement. The
actual miixture of cement vs of little importance for
such work ; almost anvthing from neat cement
to an ordinary 31t mivture of sand and cement
can be used. 1f quick setting cement is used, wires
can be strained the following dav. If the bolt is a
tight fit in the hole made, and the strain is almost
entivelv « side strain and not an outward pull,
wives could be fived before the cement has set.

World Radio Histol
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Director :  **| see that you'’re ordering Mazda Lamps again.”

Manager : ‘“ Yes. Those cheap lamps we tried have been a complete failure. Poor
light, and a big increase in current consumption. Mazda Lamps, on the
other hand, are efficient, reliable and extremely easy on the meter and so,

far cheaper in the long run.

In future, | suggest that we

stick to

LAMPS
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