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The Birthday Honours 

• 

IN the Birthday Honours List, which was 
published on Thursday, June 7th, it is an­
nounced . t~at knighthoods are conferred upon 
Dr. Dav1d Anderson, M.I.C.E., senior par tner 
of Messrs. Mo~t, Hay and Anderso.a ; 1\k. 
Gerald Barry, Director-General of the F estival 
of Britain ; Mr. Roger Duncalfe chairma.n 
of the Brit ish Standards Institutio~ ; Profes­
sor ~· K. R~deal, F .R.S., president of the 
Chemical SoCiety ; Mr. Richard Snedden, 
general manager of the Shipping Federation,; 
Dr. H .. W. ~· Warren , M.I .Mech.E., M.I.E.E., 
managmg drrector, Associated Electrical Indus­
tries, .Ltd., and Mr. J. Reid Young, director 
of V10kers, Ltd., and Vickers-Armstron&s, 
Ltd. In t he Ord~r of t he Bath, the following 
become Compam ons : Mr. T. E. Harris, 
M.I.Mech.E., M.I.E.E., chief superintendent, 
Royal O~dnance Factory, W oolwich ; Colonel 
Frank H1bbert, M.Eng., M.I.C.E. ; Mr. H. E. 
Watts, F .R .I.C., Ch ief Inspector of Explosives, 
H ome Office ; .Rear -Admiral (E) Sydney 
Brown, and MaJor -General S. W. J oslin, 
M.I.Mech.E., M.I.E.E. The C.M.G. is awarded 
to Mr: H. A. Gill, Chartered Patent Agent. 
The hst of those receiving the honour of 
K.B.E. includes the names of R ear-Admiral 
(E) W. S. Johnson, Major-General C. M. 
Smith, A.M.I.Mech.E., late R .A.S.C., and 
Mr. H. D . MacLaren, M.I.E.E. Director of 
Elect rical Engineering, Admiralty. Among 
those upon whom the honour of C.B.E . is 
conferred are: Rear -Admiral (E) H. J. B . Moore; 
Mr . . W: K . Brasher, M.I.E.E., secretary, 
Inst1tut1on of Electrical Engineers ; Mr. 
H. T. Chapman, M.I.Mech .E ., managing direc­
tor, Armstrong-Siddeley Motors, Ltd.; Mr. 
W. H. Chatten, M.I .E.E., Assistant Director 
of Deckyards, Admira lty; Mr. E. Crowther 
M.I.C.E., chairman, Northern Gas Board; 
Mr. G. F . Earle, chairman, Associated Port­
land Cement Manufacturers, Ltd,; Mr. A. N. 
E ast, M.I .Mech.E., M.I.E.E. , chief engineering 
inspector, Ministry of Fuel and Power; Mr. 
J. W. Elliott , chairman, Swao, Hunter and 
Wigham Richardson, Ltd.; Mr. G. W. H . 
Gardner, M.I.Mech.E., Director of Guided 
Weapons Research, Ministry of Supply ; Mr. 
G. W . H arriman, deputy managing director, 
Austin Motor Company, Ltd.; Dr. F. Y. 
H enderson, Director of the Forest Products 
Resear ch Laboratory; Mr. H . A. Hepburn, 
M.I.Mech.E., Deputy Chief Inspector of F ac­
tories; Mr. Leonard H owles, M.I.E.E., chair­
man, South Wales Electricity Board ; Mr. V. 
A. G. Lambert, M.I.Mech.E., Director -General, 
Armament Production, Ministry of Supply ; 
Mr. W. T. Ott way, chairman and managing 
director, W. Ottway and Co., Ltd. ; Mr. W. 
E. W. P etter, F .R.Ae.S., deputy managing 
director, F olland Aircraft, Ltd. ; Mr. G. 
Wood, chairman, Thos. W. Ward, Ltd. ; 
Mr. L. R . E ast, M.I.C.E., chairman, State 
Rivers and Water Supply Commission, State 
of Victoria; Mr. A. Campbell, M.I.Mech.E., 
M.I.Loco.E., chief mechanical engineer , Crown 
Agents for the Colonies. 

Retirement of M.-. H. F. Carpenter 
THE British Electricity Authority states 

that Mr. H. F. Carpenter, F.C.I.S., F.S.A.A., 
will relinquish his appointment as Secretary 
to the Authority on reaching superannuation 
age (sixty in his case) in the autumn, but the 
Authority hopes to have the continued benefit 
of his experience in another capacjty. The 
four years during which Mr. Carpenter has 
~led this post have been t he particularly 
dtfficult and important formative period of the 
new nationalised electricity supply service. 

• 

ournal 
Mr. Carpenter, who was educated a t Bancroft's 
School, joined the staff of the Metropolitan 
yYater Board in 1908 and worked there for 
e1ghteen years, apar t from war service in 
Gallipoli, Egypt and Palestine. On the for­
mation . of t~e West Midlands J oint Electricity 
Authonty , m 1926, he was appointed one of 
the two principal officers, with the t itle of 
Secretary and Treasurer'· subsequently amended 
~o Clerk and 'Treasurer. Following the ·death, 
m 1~38, of Mr. E. F. Hetherington, the Chief 
Engmeer and Manager of the West Midlands 
J.E.A., the Authority decided that instead of 
two principal officers as hitherto, there should 
be one princip~l officer. Mr. Carpenter was 
thereupon appomted to that position as Clerk 
and Manager, a position he held until appointed 
Secretary to the British Electricity Authority. 
In 1947 Mr. Carpenter was President of the 
Chartered Institute of Secretaries and also 
Chairman of the Council of the British Elec­
t rical Development Association. In the for­
mer capacity he visited Australia and New 
Zealand to preside over the formalities and 
attendant ceremonies connected with the 
fusion with the Chartered Institute of Secre­
taries ?f th~ two organisations serving the 
professwnal mterests of secretaries in Austra­
lasia . Mr. Carpenter's tour also embraced 
Canada, where he visited branches to discuss 
the organisation of the C.I.S. 

The Glen Shira Tunnel 
THE last plug of r ock in the 4!-mile long 

main tunnel of the North of Scotland H ydro­
Electric Board's Glen Shira scheme, which 
when completed will have an annual output 
of 80 million units, was blown through on 
June 1st. The l Oft diameter tunnel, on which 
work started in November, 1949, will lead water 
fro~ the lower dam of the scheme to the power 
statwn now under construction at Clachan. 
The tunnel was driven mainly from six indepen­
dent faces with a maximum of ten squads of 
eight men working simultaneously. In Novem­
ber last year 245ft were driven in one face by 
two squads working twelve-hour shifts over 
seven days and in J anuary a drive of 247ft 
was achieved. A total of more than 85 000 
cubic yards of r ock had to be excavat ed to 
complete the tunnel, an unusual point in the 
design of which is the inclined pressure shaft, 
2060ft in length, which is the first of its kind 
in Britain. The shaft, which descends at the 
rate of 1 in 1 !, was one of the first sections of the 

· tunnel to be started. 

Transfer of Work from the N.P.L. . 
WE learn from the Department of Scientific 

and Industrial Research that some of the work 
being done in the Engineering Division of the 
National Physical Laboratory is being trans­
ferred to the new laboratory of the Mechanical 
Engineering Research Organisa~ion at East 
Kilbride, near Glasgow. The main section 
of the research work to be transferred is that 
concerned with the strength of materials at 
or dinary temperatures, including fatigue of 
materials, failures in service, mechanical design 
problems·, gas cylinders, mechanical tests on 
metallic and non-metallic materials, and general 
mechanical testing techniques. For the time 
being the work on the strength of materials 
at high temperatures will r emain at the N.P.L., 
but it is scheduled to move to Scotland in due 
course. The move involves the transport to 
Scotland of about 120 tons of machines and 
scientific equipment; this is planned to start 
about mid-June and will probably take about 
one month to complete. At the N .P .L. there 
are a lso sections of M.E.R.O. working on fluid 
mechanics and mechanics of formation ; they 

will be transferred to Scotland in August . 
T~e headquarters of the Organisation, together 
w1th the Lubrication Division the Machine 
Shaping Section and parts of the Mechanisms 
and Formation Section, have been at Thorton­
hall, Glasg?w (a few miles from East Kilbride) 
~or some t1me. From July 1st enquiries r elat­
mg to the strength and propert ies of materials 
at ordinary temperatures should be addressed 
in the first place to the Director, Mechanical 
Engineering Research Laboratory, E ast Kil­
bride, Glasgow. 

The Late Sir Waiter Jenkins 
w~ have learned with regret of the death 

of Srr Waiter St. David J enkins a former 
director of Navy Contracts, Admir~lty, which 
occurred on Thursday, June 7th, at 8, Rutland 
Court, London, S.W.7. Sir Waiter was born 
in 1~74 and was educated at Carmarthen 
Grammar School, Oswestry School and Jesus 
Coll~g~, . Oxford, where f:le was Meyricke 
Exh1b1t10ner. He first joined the staff of the 
Admiralty in 1898, and from 1902 to 1906 
acted as secretary to the oil fuel committee 
which examined the possibilities of oil as fuQi 
for warships. Sir Waiter became Assistant 
Director of Navy Contracts in 1912 and in the 
follo'Ying year .served as secretary to the 
Admrralty Comm1ttee of the Royal Commission 
on Oil Fuel and Engines. In the first World 
War ~e t?o}t an important part in the work 
of mamtammg coal supplies from South Wales 
to the British, French and Russian Navies 
and was also Admiralty Secretary of the R ail: 
w~y Communic~tions Board set up by the Com­
mittee of Imperial Defence. In 1918 Sir Waiter 
was appointed Government director of the 
Anglo-Persian Oil Company, Ltd., an office 
which he relinquished some months later on 
becoming Director of Navy Contracts, Admi­
~alty. S~ Walt~r retired from the Admiralty 
m 1936, m wh10h year his knighthood was 
conferred. F ollowing his retirement from the 
Admiralty he took up a number of positions in 
commerCial un?-ertakin~s in this country, 
among them bemg the mdependent chairman­
ship of the National F ederation of Iron and 
Steel Merchants, which office he relinquished in 
1944. 

The Institution of Metallurgists 
THE annual general meeting of the Institution 

of Metallurgists was held in London on Thurs­
day of last week, the r etiring President, Mr. 
E. W . Colbeck, occupying the chair during the 
early part of t he proceedings. The newly - · 
elected President, Dr. C. J . Smithells was 
inducted t o the chair by Mr. Colbeck, a~d, in 
t he course of his presidential address, stated 
that the me~bership figure now st ood at 2207, 
compared ~1th. 111 ~ at t he first annual meeting 
of the Inst1tutwn m 1946. Dr. Smithells said 
that applications for membership were still 
coming in at the rate of about 200 a year, and 
although not all the applicants were successful, 
there were indications that the membership 
tot al would soon reach the 3000 mark. Later 
in his address, Dr. Sm.ithells spoke about the 
work of the Institution, referring in particular 
to its examinations a,nd the value of the quali­
ficatjons conferred . H e said that the holding 
of examinations of a standard equal to, or 
higher than, a University honours degree was 
not a simple matter to organise, and it was not 
until 194 7 that the I nstitution was able t o 
decide finally on the syllabus for each grade, 
appoint examiners and make all the arrange­
ments necessary . Last year, Dr. Smithells 
added, 111 candidates were examined, and this 
year's entries numbered 156 . 



778 THE ENGINEER 

The South Bank Exhibition 
No. VII- (Oontinued j rom page 745, June 8th) 

MINERALS oF THE IsLAND JN the building devoted to showing the 
Minerals of the Island, a majority of the 

space and most of the larger exhibits are 
mainly concerned with the coal and iron 
industries ; other n1inerals and their uses 
which are also dealt with include salt, lime-
stone, clay, &c. . 

The fact that this country owes its position 
amongst the great industrial nations of the 
world to the development of its vast st ores 
of coal has made it appropriat e that coal, 
its mining, treatment and by-products are 
given particular prominence in the exhibition. 
By means of murals, working models and 
some actual equipment an impression is 
given of the historical background, working 
conditions, plant lay-out and the processes 
·and equipment involved in the coal industry. 
A general exhibit shows a typical . mine 
installation with t.he main buildings, pithead, 

• • 
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loader, and basically consists of a cutter 
unit coupled to a. loader unit, which has a 
shear jib mounted at the end of its structure. 
The general construction of the machine 
was t;hown in one of the photographs on 
page 752 last week, and another illustration 
on this page shows the machine at the coal 
face where it is completing a working cycle. 

The double motor-driven cutter unit has 
a gear case a.t one end housing the haulage 
gear mechanism, and a gear head at the other 
end on which is mount ed horizontal under ­
cutting and overcutting jibs. The loader 
unit projects at right angles and is detachably 
mounted on the cutter unit . It consists of 
driving gearboxes and a transverse slat con­
veyor combined with a rotary loading bar 
carried on a rigid structure having a triangular 
shaped shearing jib bolted on a rigid angular 
plate at its outer end. 

Two 60 h .p. , a .c. motors, used to drive the 
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coal from the cut-away sections of the face. 

To remove fines which would tend 
to pack up the conveyor belt, a long worm 
fitted on the underside of the discharge end 
at right angles to the belt discharges the 
fines to one side, to be dealt with by one of 
the gummers. The gummer is a single-worm 
equipment, situated adjacent to the bottom 
cutting · chain to remove the gummings 
and discharge them directly on to the 
main face conveyor. 

Double-rope haulage is employed on the 
machine and a large-diameter haulage drum 
is designed to take 45 yards of fin diameter 
rope. This haulage drum is driven through a 
multi-plate friction clutch, which serves both 
as a control and a safety device. The maxi­
mum haulage speed normally provided for 
the m,achine for cutting purposes is 27in to 
30in per minute, which can be varied in steps 
by means of an adjustable ratchet feed to 
give a minimum speed of 4l in per minute. 
A fast flitting speed .of 40ft per minute is also 
provided. 

The machine is designed for working in 
both directions, and when it has reached the 
end of a run the cutting unit can be discon-
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CUTTER LOADER COMPLETING A CUT 70H.P. DIESEL MINE LOCOMOTIVE 

&c., and a number of mine workings posi­
tioned in a typical landscape. 

The development of coal-mining through 
the ages is graphically illustrated in a series 
of large wall diagrams. They show first the 
means used by early man to obtain his coal 
from small outcrops and the "Bell" pit mining 
methods of the fifteenth century, which were 
used to win coal from seams a few yards 
below the surface. The next diagrams show 
the seventeenth century pit with its cog 
and rung gin for winding coal from still 
greater depths, and then the still deeper 
mines of the nineteenth century. Finally, 
there is a typical deep mjne of the present 
day with its comprehensive system of work­
ings and handling equipment. The lack 
of any particular reference to the develop­
ment of the steam pumping engine in this 
section is somewhat· surprising, in view of 
the important part it played in the history 
of mining, and, indeed, most other industries, 
not only in this country, but in all parts of 
the world. 

Visitors are given a good impression of 
working conditions at the coal face in a 
modern mechanised mine by one of the 
exhibits which shows a " Meco-Moore " 
cutter loader made by the Mining Engineering 
Company, Ltd. , of Worcester . This machine, 
which is widely known t o mining engineers, 
combines the functions of a. coal cutter and a 

machine through gearing on the cutter head, 
are arranged side by side in the motor frame. 
One motor drives the horizontal cutting 
chains and the other the loading unit. The 
cutter chain drive is so arranged that either 
or both of the cutting chains may be engaged 
as conditions dictate. By using different 
heights of jib bracket the height of cut of 
the upper jib can be varied, the minimum 
height being 2ft lin from the floor to · the 
bottom of the picks. A modified form of 
gear head can be fitted which allows the 
height of the upper jib to be adjusted 
hydraulically within a limited range for use 
in special conditions. ' 

The conveyor consists of an endless rubber 
belt fitted with steel slats and driven through 
chains from the sprockets on .. the driving 
shaft. A rotating loading bar which extends 
along the length of the conveyor frame is 
fitted with a series of picks arranged in 
double helical formation. As the bar rotates 
the picks pass through a. comb in the leading 
edge of the conveyor frame and lift the 
bottom coal to t ransfer it on t o the conveyor 
belt. These picks at the same time help to .. 
break up the bottom coal into suitable sizes 
for loading. It should be pointed out that 
the loader bar is of larger diameter than 
the width of the kerf cut by the lower 
horizontal cutter chain, and its action 
also serves to accelerate the fall of the 

nected and transferred to the opposite side 
of the loading unit. When this reversal takes 
place, the shearing jib on the loading unit is 
also reversed to cut in the opposite direction. 
To make this possible the jib is mounted on a 
swivel joint on its supporting angle plate. By 
undoing the holding bolts the jib can first be 
swu.ng into a horizontal position, moved 
through an angle of 180 d eg., and then swung 
back into its operative position facing the 
opposite direction. At the same time,. the 
driving shaft for the shearing jib is transferred 
to the other side of the unit. The duplication 
of the gummer, loading bar and loading unit 
gear reduce the amount of work involved 
when preparing the machine for return 
cutting. , 

The photograph we reproduce of the cutter 
loader in operation shows clearly the clean 
nature of the face at the end of working 
'and the manner in which the props are set 
behind the machine ready for the return run. 
In the foreground is the " stable " in which 
the machine is turned. · · 

Another coal-cutt ing machine displayed 
is a l5in " Ace " longwall cutter made by 
British J effrey-Diamond, Ltd., of Wakefield, 
which can be driven by either electric n1otor 
or compressed air. This machine is built 
up of three separate units-the haulage 
unit, the driving unit and the cutting unit­
each of which is located on the other by 
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spigot-faced joints and hold by high-tensile 
steel bolts. It is similar to a. unit exhibited 
at Kelvin Hall and dealt with in these 
columns last week. 

A full-scale model of a. " 1 'am~wn " coal 
stripper made by Ma.vor and Coulson, Ltd. , 
is also shown in its working position at the 
coal face. This machine is designed as a 
" continuous mining " unit which strips 
coal off the face without prior preparation 
and loads it on to a conveyor. 

I t is a. wcll-apprcciatod fact in mining 
operations that effective roof support is 
essential to efficient working and safety of the 
miners, and amongst the various types of 
supports shown in the pavilion there is to 
be seen the hydraulic pit prop made by 
Dowty Mining J~quipment, Ltd., of Chelten­
ham, Glos. These props are, in effect, 
compact, self-contained hydraulic jacks so 

THE ENGINEER 

communicated to a " yield valve " E in the 
head of the prop through a tube F, and when 
the roof weight exceeds 20 tons this valve 
relieves pressure by allowing a small quantity 
of oil to pass into the reservoir, per­
mitting the prop to shorten. Resistance is 
maintained at 20 tons and yielding continues 
intermittently unt il the prop is with­
d.ra.WI'i. 

When it is required to withdraw a. prop, 
the release link G, which forms part of the 
yield valve assembly, is pulled and as oil 
in the pressure cylinder escapes back to 
the reservoir the prop shortens. When neces­
sary, operation of the release link can be done 
from a. safe distance by means of a. light 
cable or chain. 

Ono of the early portable power tools 
made available by the compressed air 
industry for underground mining was the 
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arranged by the British Compressed Air 
Society. 

Mine haulage power equipment is repre­
sented by one of the standard 70 h .p. diesel 
locomotives of the Hunslet Engine Company, 
Ltd ., similar to that shown in operation in 
the illustration opposite. This locomotive, 
which is made for gauges from lft 1l!in 
to 3ft 6in, has a. top speed of 14! miles a.n 
hour, and a tractive effort of 5400 lb on 
bottom gear . I t is one of four standard types 
of mine locomotives made by the company. 

Power is supplied by a. four-stroke, four­
cylinder Meadows engine through a. four­
speed gearbox giving track speeds of just 
over 4, 6, 9 and 14} miles an hour. A 
WesLinghouse straight air brake and a. 
screw-operated hand brake are fi tted. The 
engine exhaust fumes are first passed through 
a. water bath conditioner and then through 

E XCAVATOR SHIELD, 12FT 3 1N INTERNAL DIAMETER 

designed that at the time of setting they begin 
to offer a resistance of 5 tons to the roof. 
This resistance increases to 20 tons as the 
roof settles, at which stage a. prop will yield 
whilst still maintaining the same resistance. 
When the limit of yielding has been reached a 
prop will withstand a. load of 50 tons and 
become rigid. 

. The construction of one of these hydra.uli c 
props can be· seen in an illustration 
overleaf. I t consists essentially of two 
concentric tubes, the outer one of which 
forms a. pressure cylinder within which 
slides the reservojr tube A . The lower end of 
the reservoir tube is closed by a. piston head 
which carries a. bearing ring and a sealing 
gland. The pressure cylinder is enclosed in a. 
protective tubular casing. 

A small pump B at the lower end of the 
reservoir is actuated by a. connecting-rod 0 
a.nd a. crank D with a square external boss 
on which is fitted a. removable handle. 
Operation of the pump transfers oil from 
the reservoir to the chamber in the 
pressure cylinder to extend the prop and 
set it at a.n initial load of 5 tom~. 

Fluid pressure in the pressure cylinder iR 

pneumatic coal pick, and this class of tool 
has been selected as a representative product 
of the compressed a.ir industry. 

The pneumatic coal pick is essentially a 
percussive tool with an air-operated piston 
striking rapid hammer blows on the pick 
steel. I ts main characteristic is the 
positioning of air ports to provide a 
" cushion " of air on each stroke of the piston. 
This cushion absorbs shock and enables the 
tool to be used without d iscomfort to the 
operator. In recent years picks have been 
introduced for " wet , operation as a. moans 
of suppressing dust for the prevention of 
si licosis. Those wet machines have an 
additional connection for a. hose feeding water 
under pressure, and in most oases the air 
trigger controls both the air and water feed. 
Unlike the usual " wet " drilling tools 
which provide a continual stream of water 
to the point of drilling, the wet picks art} 
designed to provide a. " tent " of " mist " 
around the pick steel which effectively 
blankets the dust. 

Typical examples of both the dry and 
wet pneumatic coal picks have been 
supplied by various makers to form a display 

a flame arrester before being released to the 
atmosphere. Unit construction and easy 
accessibility to all working parts facilitate 
maintenance and repair work on the 
locomotive. 

In addition to these 
various tools, mine 
mont, safety clothes for 
shown. 

larger exhibits, 
lighting equ ip­
miners, &c., are 

Models and diagrammatic murals arc used 
to show iron and steel making processes, and 
a group of models supplied by the United 
Steel Company, Ltd., show a t ilting open­
hearth furnace, a. blast-furnace and an ore­
crushing and screening plant. Various forms 
of steel are shown in typical applications, 
and a. control stand illustrating the use of 
metals has on it a Perkins " P 6 " diesel 
engine, a. Girdlestone diaphra.~m pump, an 
.Ascot gas water heater, and an electric 
washing machine made by the English 
Electric Company, Ltd. 

ROTARY TUNNELLING SIUELD 

The rotary tunnelling shield on view in 
one of the arches of Hungorford Bridge, 
adjoining tho Transport and Communica.-

• 
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tions Pavilion, was used before the last 
war to drive London Tube railway tunnels 
fo~ the London Passenger Transport Board at 
H1ghgate on the Northern Line, and at 
Bethnal Green on the Central Line. Two 
of the photographs accompanying this article 
illustrate the shield as erected in the maker's 
works. lt will be seen that it consists 
~ssenti~~y of a Greathcad shield embodying, 
1n add1t10n, a rotary cutting head which 
mines the tunn~l face by mechanical means 
instead of by hand. 

The shield has an external diameter of 
13ft 2!in and an overall length of 9ft 8iin. 
The cutting edge and ram segments are of 
cast iron and the skin plates of mild steel. 
There are twelve 7in diamet er hydraulic 
rams capable of exerting a total force of 

" 
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HYDRAULIC PIT PROP 

approximately 400 tons. The normal stroke 
of the rams is 20in, corresponding to the width 
of the segmental rings of the }Jcrmancnt 
cast iron tunnel lining, the internal diameter 
of which is 12ft 3in. 

The operation of the r11ms is individually 
controlled by a. battery of valves mounted 
on the shield, an arrangement which 
allows the shield to be steered by the 
use of the rams over the lagging portion of 
the periphery only. Hydraulic power iB 
supplied to the rams by a compressed-air­
driven hydraulic pump with cylinderB 7in 

· and l in diameter and 7in stroke. 

• 

The rotary cutting head comprises ~:; ix 
radial arms carrying a series of knives for 
breaking up the clay face. These knives 
are so disposed that each travels on a. slightly 
different radius from the centre of rotation 
so that the whole area. of the face is traversed 
during a complete revolution of the head. 
The radial arms also carry bucket !:{ which 
collect the excavated n1atcrial and deliver 

• 
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it rearwards, by means of a chute and a belt 
conveyor, to wagons for its removal from the 
tunnel. 

A further aid to steering the shield is 
incorporated in the head in the form of an 
eccentric cutter which can be arranged to 
cut wide of the cutting edge of the shield 
at any desired portion of the circumference, 
thus forming a void on the side towards which 
the shield is required to travel. The rotary 
head is driven by a 60 h.p. electric motor 
through a. train of reduction gearing, the 
final speed of rotation being two revolutions 
per minute. 

The method of operation for tunnelling 
is as follows. With the rams fully retracted 
a. ring of cast iron segments 20in wide is 
built on the skin of the shield. The rams 
arc then extended to bear against the leading 
flange of the lining and the pressure increased 
so as to push the shield forward into the face. 
At the same time, the cutting head is started 
and the gradual advance continued until 
there is room to build another ring of lining 
behind the shield. The rams are again 

• 

June 15, 1951 

retracted and the proceHH iH repeated. The 
time takeH to advance the shield by 20in · 
is normally thirty to forty-five minutes, 
depending on the nature of the ground and 
a weekly progress of 200ft of tunnel is readily 
attainable. 

The exhibit at the South Bank is designed 
to present the shield as nearly as possible 
under working conditions with the oast iron 
lining, the shield pump and . the spoil con­
veyor in place. The shield and the cast iron 
lining have, however, been specially sectioned 
off so as to make the working parts readily 
visible. 

The shield and the ancillary plant aro 
the property of Charles Brand and Son, Ltd., · 
The shield was designed and manufactured 
by Markham and Co., Ltd., of Chesterfield, 
whilst the hydraulic shield pump was made 
by Hayward Tyler and Co., Ltd., of Luton, 
and the belt conveyor by the Mining Engi­
neering Company, Ltd., of Worcester. The 
cast iron lining to be seen with this interesting 
exhibit has been loaned by the Stanton Iron­
works Company, Ltd., of Nottingham. 

(To be continued) 
I 

North of Scotland Hydro-Electric Schemes 
No. III- THE FANNICH PROJECT-PART 11* 

• 

(Oontinuedfrompa(Je 749, J 'une 8th) 

THE method of connectmg the loch to the 
tunnel was one of the most interesting 

points of the Loch Fannioh scheme, and 
involved the driving of the tunnel to within 
a few feet of the loch bed and then blowing 
out the remaining plug of rock. The com­
pletion of the tunnel was described briefly in 
THE ENGINEER of September 22, 1950, but 
for the sake of completeness the main points 
are again given herewith. 

Reference to the accompanying diagram 
shows that the tunnel, which was some 90ft 
below loch level, was gradually driven 
towards and underneath the loch from the 
gate shaft until it reached a position as close 
to the bed of the loch as safety requirements 
would allow. After the tunnel reached t his 
terminal point it was deepened to form a 
large sump, 140ft below loch level, to contain 
the debris from the rock plug still remaining 
between the loch and the tunnel. An idea 
of the size of the "tunnel" at this sump is 
given in the photograph reproduced here­
with- it was 45ft dee-p and 17ft wide and 

• No. I, "An Introductory Survey," appeared on 
July 14, 1950, page 28. No. II, "The Loch Sloy 
Project," appeared July 21, 28 and Auguat 4, 1950, 
pages 57, 87 and 115. 
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was arranged to hold at least twice the 
estimated amount of rock which would 
fall into the sump as the result of the 
explosion, thus ensuring that there was 
no risk of the tunnel entrance being 
blocked with debris. 

Prior to this excavation an extensive pro­
gramme of scraping loose materials from the 
bed of the loch was carried out over the area 
affected, to expose the rock, the levels of 
which were carefully surveyed. The dredging 
was done by a dragline on the shore of the 
loch, the dragline bucket being hauled out 
by a winch on a barge anchored in the loch, 
to get the extra reach required to cover the 
area of the blow-through. 

The 11ft equivalent diameter tunnel was 
driven by heading and bench to the farthest 
point shown. Drilling was from colunm bars 
and mucking of the bench was carried out by 
hand, but the enlargement was mucked by 
loader. The tSump was then excavated with 
a Holman scraper . Finally, the upturned 
piece of excavation up to the underside of 
the plug was excavated and the plug drilled 
and charged, by filling the sump and tunnel 
with water to a convenient level and working 

• 0 . ' .... 
0 -

• 

-
Auumed Shape of lnlttt 

After E xplotlon 

--t. 
• 0 . ' -Cll) 

TUNNEL- LOC H CONNECTION 
• 

• 



June 1!>, 1051 

/ 

from a floating staging, the : poil being 
dropped in the sump. 

The spoil from the tunnel and sump had to 
be double handled at the bottom of the gate 
shaft into a special skip designed to fit the 
main control gate compartment. Temporary 
guides were fixed in the gate shaft for this 
skip and a timber crib, lined with steel plate, 
was built at the top to guide the skip into 
the shaft. The emergency gate compartment 
was used for ladder access and for the usual 

• • serviCe p1pes. 
Great care was t aken as the work pro­

gressed and a number of exploratory diamond 

SUMP AT TUNNEL- LOCH CONNECTION 

drill holes about 70ft long were drilled ahead 
of the tunnel to confirm the accurate survey 
which had been made of the loch bed at this 
point. On two or three occasions these 
holes encountered water-bearing fissures, 
which were grouted up, thus keeping the 
working as dry as possible. 

It was decided to leave a thickness of 15ft 
of rock as a minimum, and this plug had 
over lOO holes drilled into it, each terminating 
about 2ft from the loch bed. The amount of 
rock blown by the explosion was about 400 
tons. Again, in removing the last stage of 
excavation up to the plug, exploratory holes 
were drilled through to the rock and then 
plugged with tapered wooden plugs. The 
plugs were pushed into the holes t o the 
required depth by a small pipe and then 
tapped with a bar placed inside the pipe to 
expand the wedge. 

Having thus proved the position of the 
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loch bed, the last excavation was takeu out 
in easy stages. Probably the most note­
worthy point about the work was the sound­
ness of the rock, and the leakage int o the 
tunnel was, considering the circumstances, 
remarkably small throughout the work. 

The plug was drilled with 102 holes spaced 
at about 1ft 6in centres across the surface 
with nine holes at the centre forming a burn 
cut. The charge totalled just over 2000 lb 
and the face was divided into five sectors, 
each sector being sep-
arat ely initiated and 
connected ~o tha,t the 
firing of one initiator 
would ensure the fir-
ing of the remaining 
four. As far as could 
be ascertained the 
tunnel, after the 

, 

7~1 

concreto bulkheads were undamaged by the 
explosion and were demolished, using a 
" Siskol" cutter, after completion of the 
blow-through. 

PIPE-LINE 

It will be recalled that downstream from the 
surge shaft the t unnel is circular in cross section 
and of 9ft diameter, the last 400ft before the 
portal being steel-lined. From the tunnel 
portal there· is a single steel pipe-line, 8ft in 

I} .............. oi"="=- "'""" . - · ' ...,_ 
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.Q. 11 hV , .--underwater explosion, 
followed very closely 
the assumed lines. 

To minimise the 
effect of the explosion 
on the tunnel structure 
itself, and to a void a 
dangerous inrush of 
water from the loch, 
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the tunnel from the 
gate shaft towards the 
loch was filled with 
water, as may be seen 
from the diagram, to a 
level some 12ft below 
the level of the loch . 
This negative head 
encouraged the debrlli 
to fall back into the 
sump. It was estimat­
ed that the force 
generated by the ex­
plosion would be of the 
order of 120 tons 
per square foot . The 
diagram shows the 
three protective bulk­
heads which shut off 
t he tunnel from the 
loch and resisted the 
force of the explosion. 

No 1, nearest the 
loch, consisted of a 
concrete plug contain­
ing 85 tons of concrete. 
A second concrete 
bulkhead, 6!ft thick 

Tailrace 

• 

and containing 40 tons of concrete, was provid­
ed 36ft from the m'1in bulkhead. If for any 
reason the instantaneous explosive shock 
pressure of nearly 10,000 tons on the face to 
No. 1 bulkhead had caused it to fracture, then 
No. 2 bulkhead would have come into play. 
In addition to these two concrete bulkheads 
a third and final emergency bulkhead was 
provided, consisting of steel joists placed at 
the bottom of the screen shaft. In fact, the 
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diameter and about 100ft long, leading to 
the valve house. The pipe-line continues 
from the valve house with an external 
diameter of 7ft l Oin, reducing to 7ft 6in at 
about halfway to the bifurcation, which is 
close to the power station and some !400ft 
from the valve house. From the bifurcation 
a 5ft 6in diameter pipe leads to each of 
the two machines. 

There are four intermediate anchor blocks 
between the portal and the bifurcation, with 
a stuffing box expansion joint just below 
each one. The pipes are 24ft long and joined 
by double riveted cover straps. They rest on 
sliding bea.rings. A service rail track wa laid 
beside the pipe-line for erection. Each pipe 
wa carried on this track up the hillside from 
the storage yard by the power station, and 
then carried down by a transporter on the 
pipe-line centre line, to be laid in position. 

PowER TATION 

I 
ALTERNATOR FOUNDATION BLOCK 

The power ~tation is a steel-framed rein­
forced concrete structure faced with local 
stone. During construction the River Grudie 
was diverted through an op3n channel, con­
structed of precast reinforced concrete ele­
ments, which were later recoverc<.l for rc-u::;e. 

I 
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A reinforced concrete bridge of 60ft span has 
been constructed across the tail-race to 
replace an old stone arch bridge, and the 
structure for a fish-heck has been built just 
below it. 

The two l2MW turbo-alternators arc 
vertical Francis turbine sets. Each alter­
nator rests on a massive reinforced concrete 
frame, consisting of a slab supported on six 
columns spaced around the well between the 
turbine and the alternator. A cross section 
showing some typical details of this con­
struction is reproduced on page 781, and the 
lay-out of the power station is also illus­
trated. The turbine room is 85ft by 37ft and 
is equipped with a 50-ton overhead travelling 
crane. The accompanying illustration shows 
the Grudie Bridge power station before con ­
struction of the stone facing. 

WATER CoNTROL EQUIPMENT 
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The illustration reproduced opposite shows 
details of the gate shaft a~ the upstream end 
of the tunnel. As previously mentioned, 
there is a separate shaft to house the screens. 
The gate shaft contains a tube rolling 
emergency gate and a free roller main control 
gate, both of conventional design. The latter 
is cracked open lft when filling the tunnel 
and remains in that position until the water 
rises to a level of 757 ·4ft A.O.D., when the 
motor is energised by the " no-flote" equip­
ment to continue raising the gate. 

GRUDIE BRIDGE POWER STATION "JEFORE CONSTRUCTION OF STONE FACING 

The next point at which the flow is con­
trolled is at the portal valve house at the 
top of the pipe-line, where there is an 8ft 
diameter butterfly valve. Water control at 
the power station itself consists of hydraulic­
ally operated butterfly valves, 5ft in dia­
meter at each turbine inlet. Each turbine 
is also provided with a relief valve, which 
comes into operation if the turbine is stopped 
suddenly, by-passing the flow to the tail-race 
and then closing slowly, thus reducing the 
flow gradually and avoiding water hammer 
in the pipe-line. 

PowER STATION MACHINERY 

The Grudie Bridge power station was 
originally designed for manual operation 
only, but subsequently it was decided that 
in the later stages of development of the 
Conon Valley group all the stations should 
be remote controlled from a control room 
situated centrally at Contin. Each station 
will, however, have a small operating room, 
from which it can be manually operated if 
desired, and the Grudie Bridge power station, 
being the first of the group to be put into 

commission, is being so operat ed at present. 
The two l 2MW, M.C.R ., 500 r .p .m ., 

vertical Francis turbo-alternators generat e 
at llkV, 0 · 9 power factor. The net head at 
full station load varies at present from 480ft 
to 448ft, but the turbines are designed to 
give their maximum efficiency at an output 
of 12MW and 495ft head. The choice of 
those conditions for the designed maximum 
efficiency took into account the ultimate 
raising of the reservoir level, when the range 
of net heads at full station load will be 
increased to 514/448ft. The turbines are of 
standard design with welded plate steel 
spiral casings, and cast steel guide vanes and 
runners. The alt'ernators, rated at l 3,333kV A 
continuous ma~imum, have a guide bearing 
below the rotor and a combined guide and 
thrust bearing above it. They have closed 
circuit cooling with provision for diverting a 
portion of the air from each alternator for 
heating the turbine room. Make-up air is 
obtained through filters and louvres mounted 
at generator floor level alongside each alter­
nator. Cooling water , both for the alter­
nators and the main ll /l32kV, ON/OFW, 
step-up transformers, is pumped from and 
returned to the tail-race by three electrically 

driven pumps, one being standby to either 
of the other two. 

The power station auxiliaries of any hydro­
electric station are relatively small in 
number and capacity B·S compared with 
those in a steam power st ation, as is indi­
cated by the accompanying table of the 
principal items of auxiliary plant in the 
station. As some of the items are, however, 

No. 
Capacity 
of each , 

b.p. 
Governor oil pumps, electrically 

driven... . . . . . . . . . . . . . . . 2 .. . ... 7t 
Governor atandby oil pump, ·Pel-

ton whoel driven .. . . .. . . . 1 
Cooling water pumps . . . . . . . . . 3 
L ubricating oil pumps... ... . . . 2 a.c. 
D it to (standby) . .. .. . .. . .. . 2 d.c. 
Brakes, air compressor, motor 

driven. . . . . . . . . . . . . . . . . . 1 ... 
Governor standby compressor, 

12 
24 

•> I 
"2 
5 

P elton driven .. . .. . .. . 1 . .. .. . 5 
Dewatering pump... . . . . .. 1 . . . 7! 
Drainage pump .. . .. . . .. ... 1 . . . 1t 
Transformer oil pumps . . . . . . 4 5 
Crane motors... . . . .. . . . . . . . 4 . . . 85 (total) 

standby to their respective main units, there 
is considerable diversity in the tota.l con­
nected auxiliary load. 

The auxiliaries arc a:rranged and supplied 
on the unit auxiliary system in a similar 
manner to the auxiliaries of the Clunie and 
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Pitloohry power stations, and the starting of 
the 111:ac~mes whe~ performed manually is 
also s1mdar. A diagram of the main elec­
trical connections, which also shows the 
method of supply of the auxiliaries at the 
stati~~~ is ~iven in the illustration opposite. 
Prov1s10n 1s made on the turbine control 
panels for changing over from manual to 
either local automatic control by push 

• 
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button from within the station or, a1ter­
natively at a later date, to remote automatic 
supervisory control over pilot wires from 
the group control centre at Contin. 

For the automatic control the sequential/ 
parallel method has been adopted, whereby 
the slowest operations in starting the 
machines, viz., flushing all bearings by the 
standby lubricating pumps, raising governor 
oil pressure, and the opening of the turbine 
inlet valves, are carried out. in parallel as a 
first stage, thus minimising the overall 
starting time. Pressure switches and flow 
relays on the oil systems and limit switches 
on the inlet valves indicate that the first 
stage is complete and control the opening 
of the turbine guide vanes in the second 
stage. When a machine has run up to speed 
the normal lubricating and governor oil pumps 
take over automatically from the standby 
pumps and the final stage of the EJeq uence 
includes proof of delivery from the normal 
pumps coupled with operation of a voltage 
relay energised by the pilot exciter when the 
alternator has developed full voltage. At 
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this Rtago a signal is transmitted to the 
control room that the machine is ready to be 
~ynchronised, which, together with loading, 
1s at present done from the local control room 
and will in the future be by remote control 
from the group control centre. Provision is 
made that if any of the various individual 
operations in the starting sequence fails an 
alarm is given, the whole operation }s can­
celled, the machine returned to its normal 
shut-down position, and a. signal t ransmitted 
to the control room that the machine has 
failed to start. 

The output of the station is taken by two 
single-circuit steel-tower, 132kV, S.C.A., 
~verhead lines to a new 132kV substation 
constructed at Beauly, 9 miles west of 
Inverness. The outputs of the other stations 
of the group, with the exception of Torr 
Achilty, will also be fed into these lines, as 
shown in the illustration. The output of 
Torr Achilty power station is to be taken by 
an existing 33k V line, which transmits the 
power from Conon Falls power station to 
Beauly. This line will be duplicated between 
Torr Achilty and Beauly, and it has been 
extended in the reverse direction up the 
Conon Valley to Grudie Bridge to provide an 
alternative means of disposing of part of the 

-
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output of that station and also to give a 
standby source of auxiliary power to all the 
stations of the group. It will be used 
initially for providing power supply for the 
various civil engineering works on the con­
struction sites. 

• 

The consulting engineers responsible to the 
North of Scotland Hydro-Electric Board for 
the Fannich project were Sir Alexander Gibb 
and Partners, for the civil engineering, and 
Messrs. Merz and McLellan for the electrical 
and mechanical work. The architects were 
Messrs. J ames Shearer and Annand, and the 
various contractors are given below. 

Civil engineerin~ co~tre.otors :-Tnnnel, Balfour,Beatty 
and Co., Ltd.; ptpe-line, Mechans, Ltd.; power station 
building, J. Bissett and Sons, Ltd. 

Electrical and mechanical engineering contractors :­
Turbines, The Harland Engineering Company, L td.; 
governors, The Woodward Governor Company · inlet 
a nd relief valves, Glenfield and Kennedy, Ltd.;' water 
pumps, The Ha.rland Engineering Compa.ny, Ltd., 
Drysdale and Co., Ltd.; oil pumps, Mirrlees, Bickerton 
and Day, Ltd.; compressor, Broom and Wade, Ltd.; 
alternators and exciters, Bruce Peebles and Co., Ltd.; 
turbine-house crane, Sir Wm. Arrol and Co., Ltd.; 
llkV and auxiliary switchgear, A. R eyrolle and Co. , 
Ltd.; main and auxiliary transformers, Bruce P eebles 
and Co., Ltd.; llkV cables, Standard Telephones and 
Cables, Ltd.; lighting, heating and auxiliary cabling, 
Matthew Hall and Co., Ltd.; alarm and relay system 
and automatic control equipment, Standard Telephones 
and Cables, Ltd., Contactor Switchgear, Ltd. 

Resignalling at York 
No. IT-( Continued from page 751, June 8th) 

. THE particular example taken for detailed 
description of the working is that of the 

subsidiary route 109- 8, leading to the ground 
shunt signal No. 76, in which seven pairs of 
points are involved. The opposing signals, 
as will be seen from the track diagram, 
Fig. 7 in last week's issue, are 77 and 102, 
and all the routes concerned with these 
signals must be proved normal before route 
109-8 can be set up. The circuits concerned 
are shown in Fig. 12 (a) to (e). At the com­
mencement, as can be seen from Fig. 12 (a), 
the normal lock relay of route 109- 8 is 
energised, but the turning of the thumb 
switch from normal to reverse energises the 
reverse lock relay, providing that the lock 
relays of all opposing ~nd conflicting routes 
are proved normal. 

The next diagram, Fig. 12 (b) shows how, 
the setting of a pair of points is effected, 
after the route relay concerned, such as 
" 109- 8 Lock Relay reverse," has been 
energised. To enable any pair of points to 
be operated individually in case of emergency 
separate point switches are provided on the 
control panel. Normally these point switches 
remain in the centre or route-setting position 
and the point relay is de-energised until the 
relay of one of the routes requiring the 
particular points set is reversed. The circuit 
necessary to hold points 473 normal is taken 
through normal contacts of the relays of all 
routes requiring 473 points reversed, through 
the reverse contact of any one route requiring 
4 73 points normal, and through the centre 
position contact of the emergency point 
switch on the panel. . A similar circuit is 
used for setting points 4 73 to reverse, and 
the alternative circuits for individual point 
setting will also be noted. There are also the 
usual track circuit controls. 

Mter all points in the route are set, and 
detection is made, a circuit is completed 
through appropriate contacts of all the point 
indication relays concerned, through the 
point lock relays, and through the route relay 
to energise the control relay of the signal 
concerned, in this case No. 109. In 
practice the time t aken for a route of twelve 
or fourteen pairs of points to be set and the 

signal to be cleared is about five seconds. 
The matter of holding the road once a route 
is set up is one of great importance ; on 
reference to Fig. 12 (a) it will be seen that 
restoration of the route to normal, by 
energisation of the normal route lock relay, 
is controlled by the approach locking stick 
relay, and the control circuit for this relay is 
shown in Fig. 12 (d) . The reason for this 
apparently elaborate control is to prevent a 
signalman changing his mind and initiating 
a reversal of any points in a. route while a. 
train is approaching. 

The stick relay 109 ALS is controlled 
directly over de-energised contacts of both 
main and .subsidiary signal control relays, 
and so will drop away if either of these 
signals is cleared. If a signalman should 
r estore the route switch to normal before 181 
t rack circuit becomes occupied the stick 
relay would pick up again a.s soon as the 
signal control relay became de-energised. 
The route relay would then restore to normal 
and any points on the route would be freed. 
If the route switch should, however, be 
restored to normal as a train is approaching 
signal 109 and track circuit 181 is occupied, 
then the direct circuit for energising the 
stick relay will not be available, but an 
alternative will be made up after an interval 
sufficient to ensure that the approaching 
train has come to a stand at signal109. This 
time interval is provided for by use of a 
thermal unit TH, which is heated by passage 
of current via the circuit made through a de­
energised contact of the approach lock stick 
relay 109 ALS. When the thermal contacts 
close the time element stick relay JS is 
energised, and is held energised by the stick 
circuit over one of its own front contacts. 
Current to the thermal unit is then cut off, 
and through a de-energised thermal contact 
a feed is provided to pick up the approach 
lock stick relay 109 ALS once again. 

It will be seen from Fig. 12 (d) that, in 
normal working, relay 109 ALS is energised 
after the train has cleared track circuit 182. 
This does not, however, represent the full 
extent of the route, and the points in the 
route not yet held by direct track locking-

• 
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through the presence of the train-have still 
to be held. This is accomplished by use of a 
sectional release route relay (US), the control 
circuit for which is shown in Fig. 12 (e). This 
relay is de-energised a.s soon as the route 
relay 109-8 is cleared ; it is prevented from 
picking up again by the control circuit being 
taken through front contacts of the track 
circuit relays 169 and 154. The train would 
have entered upon 169. before 182 clears and 
similarly 154 would be entered befor~ 169 
clears. Thus the US relay is held de­
energised during passage over the whole 
route, while the early release of the route 
relay 109-8 permits the setting up of other 
routes over that part of the track cleared by 
the moving train. As at N orthallerton 
when a. route is set up its extent is indicated 
on the panel diagram by a. series of white 
lights, as shown on the photographic illus­
tration Fig. 13. 

The routes associated with 109 signal are 
typical, and do not by any means represent 
the upward limit in the number of functions 
that are operated by one route switch. The 
two centre roads in that part of the station 
under the great arched roof, between plat­
forms 8 and 9, are signalled for either­
direction running a.nd, in the northbound 
direction, routes extend from the " home " 
signals on the Holgate bridge gantry to 
starting signals at the north end of the 
station. 
T~e c?ntrol panel is remarkably compact 

constdermg the extent and complexity of the 
signalling it controls ; there are 827 routes 
in all and the switch€s for these are mounted 
on the sloping keyboard, as shown in Fig. 14. 
1 witches for individual operation of the 
points are mounted on the vertical portiGn 
of the instrument. Their uses are as follows : 

(1) For maintenance purposes; 
(2) As the points are " stay put " it may 

be necessary to reverse them to free a. route ; 
(3) Where there is conditional locking 

between two routes the use of the point 
switch may be necessary to enable both 
routes to be used simultaneously. 

The illuminated track diagram, owing to 
its great size, is set a. little way back from 
the control instrument itself, in order to 
provide a. better view of the indications for 
the signalmen. 

An innovation on the panel is the provision 
above the point switch of a. third lamp giving 
a. flashing indication, which is illuminated 
in the event of the point detection being lost 
or the position of the points being out of 
correspondence with the point lock relay for 
more than a. few seconds. This facility has 
been provided (along with the route lights) 
to assist the rapid location of a. point failure, 
such a.s that caused by an obstruction in the 
switch blades. 

Within the York control area block working 
ha.s been abolished, and the signalmen are 
advised of the class and route of approaching 
trains by means of train description appa­
ratus. The indications provided by this 
apparatus are displayed above the illumin­
ated diagram. The control room of the 
signalbox is provided with look-out platforms, 
so that the traffic regulator may observe the 
working in the station. Generally, however , 
reference to the illuminated diagram is 
enough for all working purposes. 

TELEPHONES · 

While every effort has been made to reduce 
to a. minimum the use of telephones, it has 
been necessary to provide a comprehensive 
system to cater, not only for normal, but 
also for emergency requirements. These 
requirements fall into three main groups :-

(a) Operat ional circuits to " contro1A " and 
adjoining signal-boxes. 
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(b) Signal telephones for the use of engine­
men. 

(c) Maintenance circuits. 
In addition to circuits for both main line 

and district control, which are concerned with 

the operation of passenger and goods traffir 
in the York area., entirely new omnibus 
circuits have been provided on the various 
lines. The new signal-box can call any other 
place on a circuit by the t ransmission of a. 
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high-pitch coded signal, and the removal of 
any way station hand set completes a loop 
circuit t o light a. call lamp in the new box. 

All running signals, with the exception of 
those in the immediate vicinity of the 
station, are equipped with the selective 
r inging signal post t elephones, standard on 
the North-Eastern R egion . While the t ele­
phones are on an omnibus circuit on each 
group, only one telephone can be used at a 
time. To call the signal-box the fireman 
removes the hand set and turns a. key 
through 90 deg. On releasing this key two 
sets of pulses are sent out, which illuminat e 
a. lamp in the signal-box indicating from which 
signal the call originates. This facility 

FIG. 14-ROUTE SWITCHES 

ensures that the signalman knows from which 
signal the call is being received and prevents 
any misunderstanding occurring. 

For maintenance purposes a. separate 
switchboard has been provided in the relay 
room with circuits to three points in the 
signal-box control room and to various other 
parts of the signal-box building. A loud­
speaker paging system is provided for calling 
linemen working out on the track . The line­
men are provided with hand sets, which can 
be plugged into sockets provided adjacent 
to the more important point locations and 
other strategic points outside. Provision is 
made to switch these circuits through to the 
control room as required . 

THE NEW S I GNAL-BOX 

While the control panel is the heart of the 
new installation, the vast amount of wiring 
connected with it, and the presence in the 
signal-box alone of some 2885 relays made 
the design of the box, and of the cable runs, 
one of the major items of the whole scheme. 
The new signal-box, as shown in Fig. 15, is 
built into one of the station walls and the 
structure follows generally the curve of the 
platforms. The relay room alone is 150ft 
long by 32ft wide, and from this room control 
wires pass to the 827 route switches of the 
panel, each of which has anything up to six 
contacts. At an early stage in the working 
out of the scheme it was decided to build a 
mezzanine floor below the control room and 
relay room, and a scale model was built in 
wood to determine the best lay-out for the 
numerous relay racks, the power supply 
switchboard, and the control panel itself. 
The position of the main cable entry had to 
be decided. As finally arranged, the incoming 
cables t erminate and deploy in the mezzanine. 
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From this floor the outgoing cables, of the 
lead-covered multi-core type, are taken to 
below platform level, carried to the ends of the 
platforms in either direction, and there in 
large underground chambers they are t ermi­
nated and connected to the armoured multi­
cored cables which run to hll the outdoor 
locations. The main supply, at 660V a .c., is 
provided by means of a ring main supplying 
the whole area . 

The internal wiring in the cabin, except 
the control panel connections, is carried out 
in single conductor, 1 J- 044in, flameproof, 
rubber-insulated cable. There is approxi­
mately 500 miles of this wiring in the cabin, 
not to ment ion the forty-core flameproof 
cable used for cont rol panel connections. The 
extent of this wiring made it essential for the 
wire chases t o be very carefully designed; we 
were very much impressed with the neatness 
of this part of the work and of the readiness 
with which individual connections could be 
located for testing or the tracing of faults. 
A study of the basic circuits shown in 
Figs. 12 (a) to 12 (d) is sufficient to indicate 
something of the intricate wiring involved 
in the concentration of 827 routes in a single 
control panel. Associated with each route 
switch is a special interlocking relay. To 
.provide adequate contact equipment for 
interlocking purposes (twenty-six normal and 
twenty-six reverse) the conventional type of 
signalling relay, either of the simple d . c. type 
or of the a .c. vane-armature type, was 
impracticable, and instead a solenoid­
operated circuit controller is used. There 
are two solenoids, one for normal and one 
for rever~e, and this relay remains in the 
position to which it was last operated and 
maintains contact pressUre through a toggle 
locking mechanism. 

O u TDOOR EQUIPMENT AND PoWER SUPPLY 

The track circuits are of the a .c. reactance 
feed type. The track feed transformers, and 
the local coils of the two-element vane type 
track circuit relays, are fed at 100 / llOV, 
50 c Js ; the transformer secondary has 
taps of 8V, lOV and 12V, used according to 
circumstances, and the normal controJ current 
through the " controlled" element of the 
track relay is 2V. Electric power for 
signalling purposes is obtained from a 
Railway Executive substation supplied from 
the B.E .A. York power station on a 6000V 
ring main. Transformers and associated 
gear are installed to give two separate 660V, 
single-phase supplies for the general signalling 
services and a 400V, three-phase supply for 
the air compressors. 

The 660V supply is normally fed via the 
power-house switchboard direct to the cabin 
switchboard, situated at the end of the relay 
room, for distribution to cabin and lineside 
functions. In the event of failure of the twin 
mains supply the signalling load is auto­
matically, within nine seconds, supplied by an 
85k V A stand by diesel-driven alternator set . 
The alternator set also starts if the mains 
voltage falls 10 per cent below normal. Alarm 
circuits warn operators in the control room 
if the standby set is started and, on restora­
tion of main supply, the set is stopped by 
hand. Lamp indication on the control panel 
shows main or standby supply, and an alarm 
bell rings for each change-over . 

In the power-house two vertical, two-stage, 
intercooling main compressors having a. 
capacity of 200 cubic feet of free air per 
minute operate automatically ; one on duty 
and one on standby duty alternately. These 
compressors cut in when mains pressure falls 
to 55 lb per square inch and out when it 
reaches 65lb per square inch . The com­
pressed air is fed to a 2in diamet er ring main 
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between the north end of Dringhouses and 
Olift on and supplies all pneumatic point 
motors. Individual pipes from ring main to 
point cylinder are tin diameter B.S.P . 

If air pressure falls so that the second 
compressor cuts in an alarm is given in the 
control room and an emergency diesel-driven 
compressor of 22 b.h .p ., of 100 cubic feet 
capacity, is available in the power-house to 
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FIG. 15- NEW SIGNAL- BOX 

supply the air ring main. The a.ir com­
pressors are fi tted with Westinghouse anti­
freeze devices, and the standby alternator set 
is specially warmed in winter to facilitate 
starting. 

CHANGE-O VER W ORK 

In signalling work of such magnitude as 
this it is one thing to draft a. scheme itself 
and yet another to work out the design in 
detail, but the work of installation and 
change-over has to be carried through with 
the least interruption to t raffic, even though 
there are changes in permanent way, improve­
ments to stat ion facilities, lengthening of 
platforms, and other major structural works 
t o be carried out. At York some of the early 
stages of the change-over involved the re- • 
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arrangement of running lines at the north 
end of the station in order to provide better 
access to and from the Scarborough line. 
This affected the signalling to such an extent 
that the original waterworks signal-box had 
to be demolished to make room for a new 
approach line, and a temporary mechanical 
box was built to cover the period until the 
new route relay interlocking was ready to .be 
put into service. Other track modifications 
have taken place at the south end of the 
station, though not to the extent of involving 
the use of temporary signal-boxes. 

To lessen the amount of work involved in 
the final change-over it was arranged to bring 
the air compressor plant into operation, and 
for some time before the final opening nearly 
all the points were operated by power 
and controlled by circuit breaker& coupled 
to the lever tails of the existing mechanical 
signal levers. This has obviated the need for 
any point fitting at the time of the major 
change-over, and the alterations, in the case 
of points, consist entirely of changing the 
control from one circuit to another. The 
electro-mechanical interlocking at Skelton 
was brought into service in June, 1941 , and 
the final change-over, bringing the York 
control panel into service, took place on 
Sunday, May 27th. 

A major complication of the change-over 
period was that direct connections from the 
main receiving lines at the south end had to 
be made to platforms 15 and 16 across the 
site of the old Locomotive Yard Signal-box, 
previously the largest in the York area and 
reputed to be the largest mechanical signal­
box anywhere in the world. Since the 
reconstruction of the station the two plat-
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forms concerned had been worked as dead 
ends, and at the second stage of the cc open­
ing" of the new signalling the Locomotive 
Yard box was taken out of service. This 
took place on Sun~ay, May 20, 1951, when 
Waterworks, Leeman Road, Clifton and 
Platform boxes were also dispensed with. 
During the following week the Locomotive 
Yard box was demolished and the new run­
ning lines were laid in, so that on Sunday, 
May 27th, Nos. 15 and 16 platforms were 
brought into full use as through lines and the 
signalling change-over completed. 

The original scheme, initiated in London 
and North-Eastern days, was worked out 
under Mr. C. Carslake, signal and telegraph 
engineer , North-Eastern area, London and 
North-Eastern Railway, to the requirements 
of the Superintendent, North-Eastern area, 
and the work has been completed under the 
direction of Mr. J. H . Fraser, signal and 
telecommunications engineer, North-Eastern 
Region, British Railways. The contractors 
for the signalling work were the Westinghouse 
Brake and Signal Company, Ltd. 

Already the new signalling is proving 
very effective in service. The considerable 
reduction in the total number of signals 
employed and the use of four aspect signals has 
resulted in a notable increase in the average 
speed of trains passing through the area, 
particularly in the case of non-stopping 
freight trains. When recently we were 
enabled to inspect the work, less than a week 
after the final opening, the control panel 
was being operated with confidence and 
speed, and we concluded that the installation 
as a whole ranks as an achievement in 
British railway engineering. 

The Iron and Steel Institute 
• 

No. II-(Gontin'l.ted from page 764, June 8th) 

WE continue, below, · our report of the 
discussion on Dr. Mont. Ing. Bernhard 

Matuschka's paper entitled " The Present 
Position of the Converter Process," at the 
annual general meeting of the Iron and Steel 
Institute, in London, on Wednesday, May 30th. 

Mr. H. Parnham (General Refractories, 
Ltd.) : I shoulQ. like to raise one or two 
points in connection with refractories. The 
fact that dolomite is used for lining the basic 
Bessemer converter makes this process applic­
able in most of the countries of the world, 
and, being a cheap basic raw material, it has 
a great effect on the process itself. I should 
like the author to state what is the relative 
cost of the refractories used in the basic 
Bessemer converter and in the open-hearth 
furnace, bearing in mind that large quantities 
of chrome ores and magnesite, both of which 
are costly raw materials, are used in the 
latter process. 

The life given in basic Bessemer converters, 
with the present rise in costs of installation, 
appears to me to be very important. I 
wonder whether on the Continent there have 
been any developments in improving both 
the life of the side wall ..and that of the tuyere 
section. Mr. K erlie mentioned the difficulties 
which may be connected with induction 
heating, and I agree with him. I should like 
to know the minimum lining thickness 
envisaged for this type of construction. The 
fact that oxygen blowing is applied to the 
surface of the bath does, I think, reduce some 
of the tuyere problems. I wonder wh~t, 
with this type of blowing, is the damage done 
to the lining, and whether repairs can be 
carried out quickly and effectively to keep 
the refractories costs down. 

Dr. T. P. Colclough (British Iron and Steel 
Federation): We have been privileged during 
the last few years to have additional quan­
tities of scrap, far beyond those which are 
normal. The picture which is sometimes 
drawn of what we $hall have to face in the 
next four or five or more years is, in my 
opinion, not realistic, in the sense that we 
must, after all, get back to a position which is 
uniform over a long period of time. Before the 
war the use of scrap in the world was obviously 
limited to the amount of scrap available. 
There is no natural process which produces 
scrap, other than human use and human steel 
production, and therefore we mus~ get 
back to a balance, and it will be of the 
order given in this paper. The author 
draws attention to the fact that with the 
marked increase in steel production in 
Europe, from about 50 million to about 60 
million tons, we are going to be short of 
scrap. That, I think, should be regarded 
realistically in this sense, that nobody is 
going to say " To-day we are making 50 
million tons, and tomorrow we are. going to 
make 60 million." The increase must be 
gradual, and so we sh~ll have our return 
scrap coming in, I agree after an interval of a 
few months, but there should not be a serious 
position there. 

There is one general remark which I 
should like to make·. I wonder what some 
of our friends in certain districts in this 
country will say about the sentence which 
reads, " The essential condition for using 
the open-hearth process is t hat the price 
of scrap should be lower than that ?f 
pig iron," because we have . ?erta1n 
people in this country who have tradtt.w~ally 
and always used 70 to 80 per cent of p1g rron, 

irrespective of the scrap price. I think that 
some comparison might be made with the use 
of the large tilting furnace, as compared with 
the ordinary cold metal melting open-he~rth 
furnace. The real backbone of this paper is 
that a review of the steelmaking processes is 
advisable. That must be done from time to 
time. We shall all agree that there is no one 
process of steelmaking which is to be made 
universal. There must always be a balance 
struck between one process and another, and 
to-day is a time of revision. 

I should like to comment on what is said 
under the heading cc Utilisatio~ of Manga­
nese Content." It wa.s my business before 
the war to m:1ke a special study of the con­
d itions for steelmaking in Austria. The 
fund:.t.mental question had to be determined 
as to the steelmaking to be put into operation 
in that country. As the members of the 
Institute who will go to Austria in Septem­
ber will find, the main source of ore is the 
Erzberg, with the ankarit ore, which has the 
special value of making pig iron which, with 
suitable blast-furnace operation, can be made 
to give a pig iron of 3 per cent manganese 
with low phosphorus content. In the work 
which I carried out with my colleagues in 
studying that problem we came to the con­
clusion that with a 3 per cent manganese 
iron it would definitely pay to blow that iron 
and to make a use of the Bessemer process, 
which at that time was almost unknown but 
has since developed considerably. We laid 
down a blowing time of four to five minutes, 
in which we would leave about 1 per cent of 
ca.rbon and 1 per cent or a little less of man­
ganese in the blown metal, and we should get 
a slag of 30 to 35 per cent of manganese. I 
am particularly interested to know that that 
suggestion has been carried out and has 
proved successful. I am of opinion that that 
will be a prolific source of material for making 
low -grade ferro-manganese. 

At the same time, we made an investigation 
into the blowing of the metal by oxygen. 
We all know that we can blow metal by 
oxygen. We all know. that if we blow with 
oxygen we shall have a nitrogen content 
which is of the same order as that of open­
hearth steel, if not slightly lower. We all 
know that if we blow oxygen instead of air · 
the temperature will be much higher, because 
there is less dissipation of heat. We all know 
that the metal will get far too hot, and that 
it must be cooled by some method or other . 
You can cool it with scrap, utilising the scrap 
in that way, or you may have to use some 
addition to cool it, that addition being steam 
or C02 • Those facts are not new. We are 
also fully a ware that if we take a side­
blown converter and blow it with air, not 
oxygen, the nitrogen content is of the order 
of 0 · 003 per cent. That was proved by our 
operations during the war. Our friends in 
B.I.S.R.A. have already proved that the 
blowing of converters by oxygen is perfectly 
practicable. The essential factor is cost, 
and no other factor is of the same importance. 
I would warn the members of the Institute 
that the practical difficulties are not yet 
ironed out. There are troubles with the 
tuyeres and there are troubles with the re­
fra.ctories. Moreover-g,nd this is particu­
larly important in these days-there is the 
question of public nuisance. There is no 
question whatever but that the blowing of 
metal with oxygen is going to lead to a tre­
mendous disturbance of the atmosphere by 
red fumes, and so far as industrial conditions 
in Britain are concerned, in the centres of 
population that is a problem that requires 
very careful consideration indeed. 

Mr. C. Da.niclsson (Domnarvct Iron and 
Steel Uomp:1ny, Sweden): There aro somo 

• 



• 

• 

•• 
78~ 

difficulties in obtaining a. low sulphur con­
tent when you drive a blast-furnace with pig 
iron made with a very acid slag. We made 
some investigations in DOinnarvet to find a 
method of getting rid of that sulphur, and 
we found a very simple process which is now 
in commercial use at one of our Swedish 
works. Tho method is based on the fact that 
fine-ground lime powder, thoroughly mixed 
up with mol ton pig iron , will produce a con­
siderable reduction of the sulphur content in 
the iron. At a works making 600 to 800 
casts there was a sulphur content in the 
ingoing pig ~on of about 0 ·1 per cent, and 
after treatment the pig iron had an average 
sulphur content of only 0 · 009 to 0 · 01 per 
cent. The method is based on the fact that 
if you have a simple rotating furnace which 
could be used as a ladle between the blast­
furnace and the mixer you can put it on a 
special machine and rotate it, and you can, 
in the same vessel as that in which you trans­
port it, bring the sulphur content down to a 
very low percentage. 

I should also like to say a few words on the 
question of oxygen blowing on the basic 
Bessemer process. We made many tests in 
that field at Domnarvet and decided to build 
a big oxygen plant, the first step being to 
blow only with enriched air, with about 30 per 
cent of oxygen. It has been shown that by 
blowing with that content of oxygen in the 
air, 30 per cent, we can get a considerably 
lower content of nitrogen in the steel. If, in 
addition to that, you do end blowing with 
nitrogen-free gas mixtures-C0 2 and oxygen, 
which has been done, or hydrogen and 
oxygen, which up to now has not been done­
you can get an average nitrogen content in 
the steel of about 0 · 006 per cent. 

The afternoon session on Wednesday, 
May 30th, opene9, with a display of films 
on " A Study of the Zone in Front of a 
Blast-Furnace Tuycre by Means of High­
Speed Motion Pictures and Models." · The 
films were introduced by Dr. J. B. Austin 
(director of research, the United £tatcs 
~ ' teel Company). 

The following paper was then presented :-
SI GNIFICANCE 011' EQUILIBRIUM AND 

REACTION RATE IN THE BLAST-FUR­
NACE PROCESS 

By Dr. J. n. AUSTIN 

SYNOPSI S 

The blast-furnace process comprises a series of 
reactions, which are delicately balanced so that it 
operates at a substanLial1y steady state. On the 
basis that all the reducLion is " indirect," it is 
possible to set up a t hermodynamically ideal, 
isothermal process, operating at minimum consump-
1.ion of carbon. Comparison of this minimum with 
t he amount of carbon required as fuel indicates 
that in a fui:Ilace producing t he common grades of 
iron from Mesabi ore the requirement, for carbon 
iH determined primarily by the need for a reducing 
agen L. The reaction bel wcen slag and metal in the 
hearth is not at equiHbrium in respect to sulphur. 
The operaLiou of the furnace is influenced by the 
effective rate of a number of reactions, such as the 
reduction of iron oxide, the dissociation of limestone 
or moisture, and the " soluLion , of carbon. 

DISCUSSION 

Mr. H.. A. Hacking (Richard Thomas and 
J3aldw:ins, Ltd.) : ~ 'o far as American lak<' 
ore practice is concerned, T take it that Lh<' 
:-~tatement is always true that a substantial 
n.mount of direct reduction is tied to maxi­
mum fuel economy, but in this country, 
n.ccustomod as we arc, unfortunately, to 
very lean ores, we have been striving con­
tinuously t o cut it down to the minimum. 
We are c1imbing the slope, as it were, on the 
other side of the hill ; but with the objec­
t ives which wo have set ourselves-physical 
preparation and, in due course, bencficiation , 
improvement of our fuoJ, uso of higher blast 
temperatures, and, in due course super­
oxygenated blaHt- wc Hha.ll eventually reach 

the arest and come to the other side of the 
hill, where our United States friends are 
already. 

With regard to the author's conclusion 
that many 1nodorn furnaces arc operating 
close to equilibrium, J would •ask him, which 
cquilibrimn 1 1 am not sure which of tho 
curves in Fig. 1 he is looking at. There is 
the Fe- F eO curve, the Fe0 - Fe30 4 curve, and 
then, most significant of all, in my opinion, 
there is the 2CO=C0 2>-j-C curve. There is 
also the Fc20 8- F e80 4 equilibrium lower down. 
Which do we look on as the ultimate target 1 
We have to take into account the existence 
of the other curves, since most furnaces 
operate on ores which are essentially Fe20 3 as 
charged. 

In his references to the use of super­
oxygenated blast, the author's theoretical 
conclusions coincide fairly well with what 
has happened in the experiments made in 
full-scale practice. He concludes, as most 
of us do, that at the present time it is likely 
to be helpful only in ferro-alloy manufacture. 

One point which he mentions does not seem 
to correlate with the U.S. Bureau of Mines 
determinations of tuyere zone slag and metal 
temperatures, published in the late 'twenties. 
He expresses the opinion that in ferro­
manganese practice the hearth temperature 
is appreciably higher than in ordinary basic 
practice. The experiments of the U.S. 
Bureau of Mines seem to indicate that in 
ferro-manganese practice, though there was 
a much higher coke rate and the maximum 
blast t emperature that the stoves would 
stand was used, the endothermic reaetions 
in the hearth pulled the hearth t emperature 
down in all three locations, tuyere zone, slag 
and metal, to something a good deal less 
than _in ordinary basic practice. 

The section on slag-metal reaction is most 
interesting. I think that we have come to 
regard conditions down in the hearth as 
being relatively static, with the slag layer 
on top of the metal layer , but when each 
droplet of iron and slag makes its way down 
the bosh and through the tuyere zone under 
the very turbulent conditions which prevail 
inside the combustion zone proper - i.e., in 
the centre of the furnace-there is very good 
opportunity for the droplet of iron to react 
something like equilibrium with the par­
ticular droplet of slag with which it comes in 
contact on the way down. I think that these 
tests of the time taken to reach equilibrium 
with the average of the iron and the average 
of the slag demonstrate what occurs during 
the period of travel as between certain 
droplets of iron and certain droplets of slag 
and that in these experiments the workers 
concerned arc simply taking the average 
and detennining the t ime taken t o reach 
equilibrium under static condit ions. 

Dr. H . L . Saunders (Imperial College) : 
We have long realised that photography 
through the tuyeres could give us some very 
interesting information on what is going on 
inside tho furnace. Indeed, as long as three 
years ago we made a few still photographs 
through th.o tuycrcs, but they did not give 
U H the true pieture. We have also dono work 
on models with the a.id of cine-photography. 
We arc making one s1nall contribution at 
this session which I hope will be the beginning 
of further work to determine not only the 
motion as seen by the ordinary cine-camera, 
but also the dimension in space that the 
particular par ticle which we are watching is 
occupying ; in other words, stcrco-cine­
photography. Mr. Ward, who was respons­
ible for this work, is arranging to show a 
film of this nature later to small groups of 
people. 

J should like t o refer to the author's 1nost 
interesting results on the sulphur and other 
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consti LuenLt:l of the slag a nd 1netal and the 
equilibria involved. 

On page 359 the author askH " I H the 
consumption of coke determined by the 
need for carbon as fuel or as a reducing 
agent ? " and the conclusion is drawn that 
the coke rate is determined mainly by the 
need of carbon as a reducing agent. If there 
is . a near approach t o equilibrium in the 
blast-furnace this is, of course, largely true, 
but the point is whether WQ are always 
justified in assuming that equilibrium is so 
nearly approached. The author cites 
instances from Kinney's paper No. 442 and 
measurements reported by Wiberg and 
analysed by Gumz. Both those furnace 
units would be regarded by modern stand~rds 
as relatively slow working, and K.innoy 
in his experiments was using a substantial 
proportion of fines in the burden, so that in 
both those cases the conditions were highly 
suitable for a near approach to equilibrium. 

It does not seem to me that a. similar 
assumption is nece.ssarily valid with con­
ditions of hard driving or when a good deal 
of magnetite is being smelted in the burden , 
and, so far as this country is concerned, we 
have the wide range of possibilities that 
exists between lean and rich ore practice. 
We do not happen to be blessed with Masabi 
ores or similar ores of such high reducibility 
and good iron content, and the degree to 
which equilibrium is approached in British 
practice is probably a great deal less. 

Dr. J. H . Chesters (United Steel Com­
panies, Ltd.) : The author and his colleagues 
have certainly given us a view inside the 
furnace which very few of us have had the 
opportunity 'of having before, but what it 
all means is still very 1nuch a mystery. It 
will mean that a number of people, including 
ourselves, will start doing more model work. 

Watching the film, certain points occurred 
to me immediately as possible-! shall not 
say n1ore than that. First of all, if we have 
a simple jet of air io. air we all know that we 
have entrainment all along the surface of the 
jet , but there is very little recirculation. If, 
however, we put any kind of container round 
the jet, whether ovoid or cube, we inevitably 
get suction produced at the lower end, which 
results in return flow. We also know from 
some recent work, not yet published , that 
if we introduce a surface underneath- for 
example, t he bed of the blast furnace- and 
start to n1ove that up into the field, we 
inevitably upset the field. The bottom half 
of the recirculation goes, but the top half 
is still there. 

From the film and the model, what wo 
seen1 to be doing is thil:). W c have a furnace 
or a model filled with lumps of material, and 
we have a tuyero and blow a " balloon " up, 
and the harder we blow, the bigger the 
" balloon " becomes. If we imagine the 
point at which the balloon is pricked, we get 
the situati011 that the air escapes and the 
surface will be smaller, but the outward 
hydrostatic pressure will keep the coke away. 
Because of the bottom surface, which is the 
working bed of the furnace, that seems to 
.tally with the author's theory. 'rho author 's 
two dimensional model should, I thiuk, from 
a. verfcctionist point of view, be not parallel 
sided, but wedge-shaped, like a piece of 
cheese, to take account of the fact that the 
coke coming back is coming back into a bigger 
space and the return is easier, and, as we 
arc not correcting for side drag on the n10del 
walls, it seems logical that coke should be 
streaming back at a terrific pace. It will 
not, incidentally, follow the air stream, par­
ticularly if in big lumps ; if tho air turnR, 
the coke will go straight on and hit the wall 
and come down . 

(To be continued) 
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The Schiller Power Station at Portsmouth, 
New Hampshire 

TH 1~ • 'chiller power st,ution of the Pu.blir 
'ervico Company of Now H ttmp hire, which 

bognn operation recently at Portsmouth, 
Now Hampshire, U.S.A., is probably the latest 
exnmplo of a power plant in.qt,allatiorl based on 
tho binary-vapour cycle, and, furthermore, is 
believed to be the first such installation in 
America to bo designed and built as an integral 
power generating unit . As tho major con ­
tractor, the General Electric Company, of 
Schonoctady, New York, was responsible for the 
supply A.nd erection of all equipment., whether 
mechanical or electrical, as well as the station 
building proper. It is therefore of interest to 

Mercury Vapour 

1, 700,000,000kWh of t'l<'<·t ric energy. This 
unit was the first commercial application in the 
United States of t ho m ercury-steam cycle for 
suporp osition of existing steam generating 
equipment, although an earlier plant of only 
1800kW capacity had boon operated experi­
mentally at the Dutch Point s tation of tllo 
samo company. The economic value of tho 
m ercury-st eam cycle for producing low-cost 
oloctric power and steam, together with the 
very evident o bsolosconce of the original 
equipment, caused tho Hartford Electric Light 
Company to purchase and install a replacement 
unit having a max immn continuously rated 
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au t·vey briefly a number of. previous mercury­
steam power plant installations by that 
company. 

An original 10MW mercury plant, which was 
installed in 1928 at the South Meadow station 
of tho H artford Electric Light Company, at 
Hartford, Connecticut, was taken out of service 
in the summer of 194 7 and was dismant led 
completely to provide space for a new unit of 
modern design and of larger capacity. The 
original unit, built entirely of carbon stool 
parts, was in operation for m ore than 119,000 
hours during the nineteen years between 1928 
and · 194 7, and produced more than 
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output of 15MW and of approximately 
200,000 lb per hour of steam at pressures of 
either 250 lb or 385 lb per square inch gauge 
rmd a total temperature of 700 deg. Fah. The 
new equipment began preliminary operation 
on January 2, 1949, and was declared to be in 
service on February 1, 1949, as firm base load 
generating capacity. 

The 20MW morcwy vapour plant, which was 
installed in 1933 at tho K earny generating 
station of the Public Service Electric and Gas 
Co)llpany at 'outh K earny, New J ersey, 
underwent extensive alterations in 1930 in an 
effort to modernise the plant and to correct 

SCHILLER POWER STATION 
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certain faultR, which had become evident. The 
original seven-drum porcupino-tubo boiler with 
its steam producing water-cooled furnace was 
replaced by a m ercury b oiler of moro con­
ventional design and of sufficient capacity to 
operate cont,inuously at a guaranteed output. 
Only the boiler was completely replaced ; the 
steam superheater and coal pulverisers required 
only minor alteration::;, while the air preheater 
and fans were found to he of ample capacity to 
serve the n ew boiler. The redesigned plant was 
placed in operation again in June, 1940, as firm 
capacity and has produced a gross tota l of 
m ore than 2,180,000,000kWh of electric onorgy 

STEAM CONDENSER 

at an average load factor of 86· 7 per cent and 
an average availabi lity factor of 72 · 7 per cont. 

The eighteen years old 20MvV mercury­
steam power plant situated at the chenectady 
works of the G ncral Electric Company was 
taken out of service in 1948 b ecause of obso­
lescence of tho equipment and fatigue failure of 
certain of tho high-temperature-mercury pres­
sure-resisting components. Unusually frequent 
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service interruptions caused by these failures 
made it advisable to discontinue operation of 
this unit until such a time as new equipment of 
modern design could be installed. During the 
great er part of its useful life this plant operated 
as an experimental unit, and, as such, suffered 
many changes and design alterations. Because 
of the war, and for other reasons, the plant was 
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COMPARISON BETWEEN MERCURY 
VAPOUR AND STEAM 

not modernised to a sufficient degree to permit 
continuous and reliable operation. 

The 7 · 5MW mercury power plant which 
went into operation in 1949 at the works power 
station of the General Electric Company at 
Pittsfield, Massachusetts, employs mercury 
generating plant of the company's new stan­
dardised design, similar to that used in the 
Schiller p ower station . The equipment is 
situated in a rebuilt part of the existing power 
station and is designed to produce 8400k W of 
electric power and 124,500 lb per hour of steam 
at a pressure. of 640 lb. per square inch gauge 
and a total t emperature of 825 deg. Fah. The 
steam thus produced is piped to the station 
steam header for use as required by existing 
condensing extraction steam turbine units, 
which, prior to the installation of the new 
mercury plant, were the only source of power 
generation at the Pittsfield works. 

THE SCHII.LER STATION 

The Schiller station of the Public Service 
Company, of New H ampshire, consists of two 
7 · 5MW mercury units of standardised design 
and one 25MW steam turbo-generator set, 
co-ordinated in design and rating t o constitute 
a power generating unit having a r t.ted capa­
city of 40MW. A schematic fiow diagram of 
the plant is reproduced on page 789 and 
shows both the mercury and the steam 
cycle, indicating also the r espective eleva­
tions of the boilers and machinery in· 
volved. Each of the two mercury boilers is 
capable of generating 987,000 lb per hour of 
mercury vapour, which enters the mercury 
turbines in the dry, saturated state, at an 
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absolute pressure of 128lb per square inch and 
at a temperature of 962 deg. Fah. After 
leaving the turbines at an absolute pressure of 
2 ·53 lb per square inch and a temperature of 
528 deg. Fah., the mercury vapour enters the 
mercury-condenser steam boilers, where, in 
giving up its latent heat, it generates steam at 
a temperature of 496 deg. Fah. and a pressure 
of 643 lb. per square inch . The liquid mercury 
is fed back to the mercury boilers by two 
200 h.p. feed pumps, and the steam is passed 
through two superheaters situated at the top 
of the mer cury boilers. The superheated steam 
enters the steam turbine at the rate of 
248,700 lb. per hour and at a t otal temperature 
of 825 deg. Fah. and a pressure of 600 lb per 
square inch. The steam turbine exhausts 
into a surface condenser maintained at a t em ­
perature of 79 deg. Fah. and an absolute 
pressure of approximately 0 · 5 lb per square 
inch. Finally, the steam condensate is pumped 
back to the mercury condenser -steam boiler. 
Taken as a whole, the Schiller power plant has 
a fuel rate of 9420 B.Th.U. per net kilowatt­
hour, when burning pulverised West Virginia 
bituminous coal having a higher calorific value 
of 13,500 B.Th.U. per pound. This fuel rate, 
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it is claimed, makes this installation the most 
efficient 40MW generating unit in the United 
States. 

CYCLE EFF rcmNCY 

The mercury portion of a mercury -steam 
cycle is usually considered as a topping cycle, 
regardless of whether the lower steam portion is 
used t o produce additional power, as in the case 
of the Schiller station, or for process work. In 
order to illustrat e the reasons for the high 
mercury topping power ratios, and, hence, the 
low overall plant heat requirements in such 

TURBINE ROOM WITH MERCURY TURBO • GENERATOR IN BACKGROUND 
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installations as the Schiller station, the total 
heat of the mercury vapour and of high­
pressure steam have been plotted in the graph 
reproduced herewith corrected to the same total 
hoat which is contained in 1 lb of steam at 
2300 lb per square inch absolute and 1050 deg. 
Fah. (1497 ·1 B .Th.U.). For this total heat 
9 · 7 lb of mercury vapour must fiow through a 
mercury turbine for each pound of 2300 lb per 
square inch absolute steam flowing through a 
2300 lb per square inch absolute steam turbine . 
As a basis for comparing the topping capa-

FUEL OIL BURNER HEAD 

bilities of these two cycles, the upper curve is a 
plot of the available energy of approximately 
9 · 7 lb of mercury vapour when used to produce 
topping steam at various pressures in the 
mercury condenser boilers. The lower curve 
is a plot of the available energy of 1 lb of 
2300 lb per square inch absolute steam used in 
a turbine, exhausting at various back pressures. 

At 400 lb per square inch absolute steam 
pressure the available energy ratio of mercury 
to steam is 442/220, or almost exactly 2 to 1, 
and at 1250 lb per square inch absolute the 
ratio is 320/8 7, or almost 3 · 7 to 1. The fact 
that the available energy of mercury vapour 
changes only about 27 · 5 per cent when pro­
ducing steam in the condenser boiler at pres­
sures varying from 400 lb to 1250 lb. per 
square inch absolute has made it possible to 
design standardised mercury units for wide 
ranges of steam pressures with a relatively 
small change in mercury-turbine output. 

BOIL~RS AND MAOH INER Y 

The drawing on the- opposite page shows a 
longitudinal section of the station, facing south . 
The physical lay-out of the plant was arranged 
to facilitate equipment operation and to take 
full advantage of site conditions with regard 
to supplying the plant with the n~cessary 
cooling and condensing water and With fuel. 
The condensing water intake screen house is 
situated on the river bank east of the main 
building ; the coal and fuel oil storage yards 
and the high-tension switch yard have all. been 
erected on high ground beyond the railway 
tracks, west of the power-house. The station 
building was designed with the main entran.ce, 
tho station supervisory offices, the testmg 
laboratory, and the electrical control and elec­
trical switch bays all housed in the low exten­
sion on the east side of the plant. The two 
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mercw·y ttU'bo-generator~ and condenser-boiler 
sets and the steam unit,, with their necessary 
~.tu.xiliaries a.nd accessories, arc situated in tho 
li:'Lrge turbine room. 

'l'ho two mercury boilers, together with their 
coal and alternative fuel oil supply systems and 
other associated equipment, arc housed in tho 
high boiler and con,l preparation r ooms adjaecJd, 
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near 25 per cent of design full-load flow, hence 
establishing the minimum continuous operating 
rate of the mercury boiler. A dilute amalgam 
of ma&rnosiuro ancl titanium is dissolved in the 
boiler mercury and, due to the positive wetting 
abi lity of th.i~:; amalgam in the boiler tubes, the 
tube circuits remain at safe opetating tempera­
Lures t-tt low<·r hent inputH oven though the 
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and a ll t he tubes were Jiquid-filled as in the 
normal steam boiler. Unlike the condition pre­
vailing in the usual steam boiler, cooling for the 
otherwise empty tubes above the cold level is 
provided directly from and by the boiling 
mercury in the furnace tubes. No additiona1 
mercury mal{e-up is required as a consequence 
of the effects of thermal expansion, since direct 
bloating of the vaporising mercury in the tubes 
is sufficient to provide the needed fog mixture . 

The station has been designed to burn either 
bnnker " C " fuel oil or pulverised bituminous 
coal. Each of the two sots of fuel -burning 
equipment is of standard design, with the 
exception that a set of low-load fuel oil burner~:; 
has boon provided for each mercury boiler to 
Aatisfy expected station minimum load con­
ditions. When the plant is operating on 
hnnker " C " fuel oil the fuel oil flows by 
gravity from the main storage tanks into a 
2400-gallon station storage tank situated in a 
concrete vault at the west end of the building. 
The fuel oil is then pumped from the storage 
tank through a fuel oil heating system, is 
metered, and finally burned in the mercury 
boiler furnace at the rate required to satisfy 
vho station load demands . 

ELECTRICAL CONTROL ROOM 

When it is desired to burn pulverised bitu­
minous coal, crushed coal from the storage yard 
is brought into the station by means of an 
inclined bolt conveyor, which distributes the 
coal to a llOO-ton coal bunker mounted in the 
90al preparation bay at the front of the two 
mercury boilers. The coal flows downward 
from the bunker through suitable pipes ; it is 
weighed and then pulverised before entering 
the furnaces. Fly ash produced from the 
burning coal is caught by fly ash precipitation 
eqwpment and is removed from the station by 
a pneumatic removal system. The entire 
station follows, to a considerable extent, the 
general design and arrangement of conventional 
steam generating stations, with only minor 
alterations in the arrangement of the equip­
ment to meet the requirements of the mercury­
steam cycle. to and west of the turbine room. Also situated 

wit hin t his area arc the various water treating, 
water storage and feed water heating equip­
menta, auxiliary power supply equipment and 
other accessories. The two induced draught 
fans, with their one centrally placed stack, and 
the ash precipitation equipment, arc monntod 
in the low extension at the extreme western 
end of the building. 

On page 791 is a diagram showing a typical 
front wall tube circuit as used in the two 
mercury boilers. The mercury flows upward 
through the furnace portion of the circuit, 
t hen flows horizontally in the roof section , 
downward through the vortical slag screen 
elernentij and again horizontally through the 
fog convection surface. It thus r eachea the 
boiler drum, where final separation of the 
vapour and the entrained liquid occurs. An 
identical circuit was used in the boiler of the 
Pittsfield works power station and, except for 
the omitting of the lower sloping end, in the 
boiler of the South Meadow station. The 
extensive use of this general type of :flow circuit 
in all modern mercury boiler designs of the 
General E lectric Company has led to single­
drum boiler m1its of simple design, requiring a 
minimum quantity of liquid morcw·y for the 
operation of the nnit. The cold, as well as the 
normal operating level of the mercury, is main­
t ained at or near the inside bottom of the 
boiler drum, thus leaving the upper several feet 
of the furnace tubes, the horizontal roof tubes, 
the down-flow slag screen tubes, and the hori­
zontal fog convection passes entirely empty at 
star ting. When the boiler is fired, heat absorbed 
by the mercury within the furnace tubes pro­
duces circulation as a result of the thermal 
vapour pump formed therein. AB the firing rate 
increases, circulation improves until a definite 
and positive :flow of mercury vapour liquid 
mixture is established throughout the entire 
flow circwt. The previously empty upper 
portion of each flow circuit has now become 
filled with a high-velocity heat-absorbing fluid 
having a don.CJity of from 30 lb to J 0 lb. per 
cubic foot, depending upon the portion of tho 
circuit, under consideration. Uninterrupted 
and steady circula tion is, ;usually_, 'attained at or 

circulation at this low load may be intermittent 
and erratic. Operating experience gained in 
the existing mercury power plants, which 
employ the dissolved amalgam, indicates that 
heat t ransfer failures duo to non-wetting and 
t he wastage of the internal tube surfaces due 
to solubility of the tube mater ial in mercury 
have boon entirely eliminated. Any mercury 
boiler utilising the simple circuit indicated will 
contain a minimum of mercury, because the 
only pressW'e parts which contain mercW'y at 
starting are the portion of the surface tubes 
below the clrum and the downcomer supply 
pipes and lower headers . The quantity of 
mercury thus required is only a fraction of what 
would be U.'3ed if the boiler drum were mounted 
in the usual position at the top of the furnace 
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The electrical control room is elevated 
above the turbine room floor so that the control 
r oom operator has a complete view of the main 
operating floor, upon which are mounted the 
two mercury turbo-generator sets and the 
steam nnit. Actual control and operation of 
the mechanical equipment within the station 
is performed from the centrally situated super­
visory control room on the main operating 
floor. Practically aJJ of the station auxiliary 
equipment is started. or stopped by suitable 
control switches in this room; however, the 
three main turbine sets must be started by hand 
control on each unit. Once the main equipment, 
is in operation and "on lino," the complete 
control and loading of the units is eithE'r by 

BOILER FEED PUMPS 
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manual control or by full automatic control from 
the supervisory control room. 

!here are four ~uel ?il burners per boiler, the 
firmg r ate of whiCh 18 regulated either auto­
matically by th e automatic combustion con t rol 
equipment or manually from the supervisory 
control room. Unlike conventional steam 
generating station practice, wh en th e plant is 
operated at base load, the t wo m er cury tur­
?ines op~rate with th~~ control and stop valves 
m the Wide-open pos1t10n, thus r eceiving their 
mercury vapour directly from the vapour 
drums of the m ercury boilers . The electrical 
output from the m ercury turbo-gener ator is 
therefore a direct function of the rate of vapour 
generated by the fu el supplied t o the mercury 
boiler. fuel burners. Hence t h e greater the 
electr1cal load demand, the greater the direct 
fuel requirements. The effect of such an 
operating procedure upon the output of the 
25MW steam turbo-generator is quite definjte 
a~d positive, as the steam produced by the 
reJected heat of the mercury turbine exhaust 
has to be utilised by the steam turbo-generator 
to produce some 60 per cent of the total elec­
trical output of the station . Therefore, as in 
the two mercury-turbine sets, the electrical 
output of the steam unit and, subsequently, of 
the entire station is almost a direct function of 
the rate of fuel burned in the m ercury boilers. 
Thus, an increase or decrease in the load 
demands upon the station has to be satisfied by 
an adjustment in the quantity of fuel burned. 
If desired, the station can be operated to 

control the system frequency by appropriate 
manipulation of the steam and m ercury­
turbine speed governors. At present the 
station is operating as a base-load unit, thus 
utilising this efficient power plant to produce 
the maximum amount of energy generated at 
the favourable r ate of 9420 B.Th.U. p er net 
kilowatt-hour for use by the system. The elec­
trical energy is generated at 13 · 8kV, three­
phase, 60 c fs, and the output of the three 
generators is paralleled on the 13 · 8k V bus, 
from which outgoing feeders are carried to the 
step-up power t ransformers situated in the out­
door substation. 

AUXILIARY EQUIPMENT 

Power for operating the station auxiliaries 
is taken from the main bus throuah two 

0 

transformers which supply two groups of 2 · 3k V 
auxiliary switchgear. Connected to each one 
of these groups is a load-centre substation for 
460V services. All motors of lOO h.p. and more 
are supplied at 2·3kV from the 2·3kV switch­
gear, and the integral horsepower motors of 
less than lOO h.p. are supplied at 460V. Frac­
tional horsepower motors and the station light­
ing system are supplied at ll5V or 230V through 
small air-cooled transformers connected to load­
centre feeders. Should the main p ower supply 
fail, a sixty-cell storage battery supplies energy 
for s tation controls and for em ergency lighting. 
Automatic equipment is used extensively for 
transferring auxiliary supply sources and bring­
ing reserve auxiliaries into operation. An 
extensive visual indicating system informs the 
control room operators of the occurrence of 
abnormal conditions in the operation of the 
station, while an automatic t elephone system 
and a separate loudspeaker paging system 
provide intercommunication throughout the 
station. 

While its present capacity is 40MW, the 
Schiller station has been designed to allow for 
the building being enlarged to install boilers 
and generators for four times this output, still 
using the present dockage and .fuel-handling 
facilities. As now completed, the cost of con­
struction of the station was approximately 
13,000,000 d ollars. 

MINISTRY OF W ORKS B UILDING EXHIBITION AT 
CHESTER.-The Modern Building Exhibition at t he 
Little Roodee, Chester, will be opened on Friday, 
.June 22nd, and will be open until June 30th. 
One of the main features of the exhibition will be 
a demonstration of mechanical aids to building by 
fifty manufacturers of plant and equipment, 
and there will be exhibits entitled " Building 
Research and Housing,, " Modern Site Organisa­
tion/' " Plumbing " and " Careers in Building." 

• 
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The Royal Ordnance Factory, Nottingham 

DURI NG ow· tour of armament establish­
m ents we have so far been able to see 

m.any of the manufacturing processes associated 
wtth the armament, hull and sub-assemblies of 
the '' Centurion '' tank on which most of these 
establishments h ave been p artly engaged. 
The R .O.F., Nottingh am, which we visit ed 
r ecently, is likewise 
occupied but is also 
heavily engaged wit.h 
oth er a rmament work 
and with certain ouL­
standing "civilian" con ­
tracts. The main pro­
duction work of the fac­
tory is the m anufac­
ttrre of light and 
m edium anti -aircra ft 
guns and motmtings. It 
is also committed to the 
complete overhauling of 
the '' Comet '' tanks and 
it undertakes the manu­
facture of the twenty­
pounder gun barrel and 
oth er components for 
the " Centurion " tank. 

The factory consist s 
of several buildings, of 
which one of the largest 
is the machine shop, 
containing twenty-three 
bays and completed in 
1939. A new building 
t o be put up will occupy 
50,000 square feet. 

from 12in to 8in. The forging installations 
consist of two 1500-ton and one 1200-ton 
forging hammers by Duncan Stewart and Co., 
L td . During the forging sequence the bloom 
is n ormally counterbalanced and supported 
by a single crane using a chain turning sl ing. 

[n t.he marhine shop, the b arrAl is Cf"nt.re(l 

• 

Amongst the varied 
civilian work which is 
now being completed 
are severa l kinds of 
tenoning machines, 
band saws, paper-mak­
ing machinery, 4000kW 
generators and hosiery 
machines. The latter 
have a single bed-plate, · 
56ft long, and com­
prise twenty-eight sta­
tions, upon each of 
which is formed a 
fully-fashion ed stocking 
every for ty minutes. In 
the manufactw·e of the 
woodworking machin-

SOAKING AND OIL QUENCHING PITS 

ery the establishment 
designed welded fabricated frame::; in place 
of the cast frames normally used, to ease t he 
demand for iron castings. 

A considerable portion of the establishment 
is engaged upon the overhaul and recondition­
ing of the " Comet " tank. The tank is 
stripped of all assemblies down to the hull 
tructure, and different bays are devoted to 

the reconditioning of the turret and elevation 
gear, track and other assemblies, which parts 
finally return to the r e-a.qsembly bay. 

The single and twin-barrel 40mm " Bofors '' 
anti-aircraft gun, complete with cast aluminium 
barbette, is also m anufactured at this fac­
t ory. The gun is water-cooled, has a rate 
of fire of 150 r ounds p er minute p er barrel, 
and can be fired by remote control or by 
hand. 

Another shop is mainly con cerned with the 
production of track t ensioning components, 
which are drop-stamped. The shop is 
equipped with gas-fired furnaces, roughing 
hammers and with Davy drop hammers, 
ranging from 2 cwt to 5 ton capacity . The 
stampings finally pass to a filJning machine. 

In one section of the forging shop are several 
presses, the largest being a 1000-ton h ot 
hydraulic press, with which tank plating, 
armoured or otherwise, is shaped. The main 
bay contains t h e forging hammers and soaking 
pits used in the production of the twenty­
pounder gun barrel. The barrel is worked 
from a bloom 14in square by 9ft long and leaves 
the forge 23ft long with diameters tapering 

and rough external t urning is carried ou t on 
n ormal centre lathes using three steadie .. 
The barrel t hen passes to high -speed 
boring and trepanning machines. The rem oval 
of t he barrel core by trepanning is at present 
under intensive development for this particular 
gun a u<.l the m achine used is a converted 
Urquhart, Lindsay and R ob ertson Orchar 
lathe. 

The barrel is n ext h eat-treated an<.l is placed 
in one of a battery of eight Birlec electric 
furnaces and soaked for four hours at 850 
deg. Cent. On removal it is immediately 
quenched in oil contained in ver tical steel­
lined concrete pits 30ft deep. These pits lie 
adjacent to the furnaces and parts of both 
these installations can be seen in our illustra ­
tion. A test specim en is sawn off for 
immediate analysis and, if satisfartory, thE' 
barrel is again soaked for four hours at 650 
deg. Cent. and oil cooled. There is sufficient 
m etal in excess of the required length to enable 
the hardening and testing process to be repeated 
several times if n ecessary. 

In preparation for the auto-frettage process 
the barrel is further machined to very close 
limits. To ensure removal of the swarf during 
boring, the cutting lubricant is supplied inter ­
nally at a pressure of 200 lb per square inch. 
The auto-frettage process is followed by fur­
ther h eat-treatm ent, after which the barrel 
is prepared for t h e muzzle brako and breech 
ring, the bore is rified and the gun assembled 
ren.dy for proof firing. 

• 
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EDMONTON AND ENGINEERS 

SoME weeks ago the people, the Prers 
and eventually the Parliament of this country 
were agitated by the attempt of the Durham 
County Council to force upon new entrants 
to its teaching staff a rule that all applicants 
must be or must become members of the 
appropriate trade union. That rule proved 
far from welcome to the 1i ational Union 
of Teachers, the tmion concerned, and the 
teachers, being a well-organised body, were 
able eventually to defeat the attempt to 
interfere with their professional independ­
ence and freedom. Under the instruction 
of the Minister the Council had to with­
draw the offending rule. More recently a 
very simi1ar instance has been brought to 
our notice. It is one by which engineers 
are affected. In relation to the appoint­
ment of a Borough Engineer and Surveyor, 
the Edmonton Borough Council has laid 
it down as a condition that "the person 
appointed shall, during the term of his 
employment by the Council, be and continue 
to be a member of a trade union affiliated 
to or specified by the Trades Union Congress 
or eligible for affiliation to the T.U.C." 

The parallel with the situation that arose 
when the Durham County Council attempted 
to enforce compliance with · a similar con­
dition is complete save in one thing alone. 
Teachers are highly organised to resist 
encroachments upon their liberties. But 
professional engineers are not. For the 
great and very influential engineering insti­
tutions to which so many engineers belong 
aro learned societies whose job it is to 
encourage education and advance the science 
and art of engineering, and not bodies which 
can concern themselves with the salaries 
and conditions of service of their members. 
The body that brought the matter to our 
notice, and about whose activities in relation 
to it we published an announcement last 
week, was the Engineers' Guild. Unfortu­
nately that body, founded shortly before 
the war to watch over the interests of its 
members and of professional engineers in 
general, is still, upon a count of its mem-
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hers, relatively small and lacking in the 
power that the National Union of Teachers 
was able to exert at Durham. It has, 
however, done very well to draw attention 
to a matter in which all professional engi­
neers are deeply interested. For though 
we see no reason why, upon grounds of 
professional etiquette or upon any other, a 
professional engineer should not, as an 
individual, choose, if be so wishes, to belong 
to a union, or to any other association, 
we regard it as highly undesirable t hat his 
independence should be limited by any 
fear of dismissal or of loss of status through 
his failure to join. We cannot, indeed, 
better express our feelings about the 
action of the Edmonton Council than by 
quoting from the letter that the Guild has 
sent to it. " To require as a condition of 
employment that professional engineers ~e 
members of a trade union or any other orga­
nisation, apart from such as are recognised 
as conferring an appropriate professional 
qualification, constitutes an unwarrantable 
interference with their professional and 
personal freedom, and is contrary to the 
interests both of the engineering profession 
and of the public which it serves." Copies 
of that letter of protest have been sent, 
as we noted last week, to the Minister of 
Transport and the Minister of Local Govern­
ment and Planning ; and the Guild, in 
conjunction with the National Association 
of Local Government Officers, has, we 
understand, arranged for · a question to be 
asked in the House of Commons early 
next week. Remembering the reaction 
of the Government in the Durham County 
Council affair, we shall be interested to see 
what reply is elicited on this occasion. 

That two such similar attempts by local 
authorities to dictate to their employees 
should have occurred within the passage 
of a few weeks of time may at first sight 
seem coincidental. In fact it is not. For 
the ability of authorities to impose such a 
condition of employment dates back to the 
repeal in 1946 of the Trade Disputes and 
Trade Unions Act of 1927, which was at 
the time of its enactment so much resented 
by the socialists. The Act was, indeed, 
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so very much resented that when the Labour 
Government came into power after the war 
it found it necessary, despite the appeals 
of the Opposition that certain clauses 
ought to be retained, to repeal the whole 
Act. Thereby the salutary clause in that 
Act that "it shall not be lawful for any 
local or other public authority to make it a 
condition of the employment or continuance 
in employment of any person that he shall 
or shall not be a member of a trade union," 
&c., lost the force of law. It is our impres­
sion that upon the repeal of the Act anum­
ber of authorities (presumably those whose 
Councils were ruled by socialist majorities) 
hastened to insert in all contracts with new 
employees just such a condition as the 
Act had banned. If that impression is 
correct it is likely that in the future a 
number of other attempts at dictation similar 
to those at Durham and Edmonton and 
affecting professional men may occur. In 
fact the matter raised by the Engineers' 
Guild may be not an isolated instance of 
a Council over-zealously using its powers, 
but merely a particular example of a general 
trend. If so it seems to us desirable that 
the whole situation should be investigated. 
No doubt the Guild and the National 
Association of Local Government Officers 
are looking into that aspect of the matter. 
We feel sure that they will prove ready to 
draw the attention of Ministers and Parlia­
ment to the situation if there seems any 
likelihood of widespread local authority 
action of the undesirable kind concerned. 
They have behind them the very real even 
if somewhat inarticulate support of the vast 
majority of professional engineers. 

R EPORT ON COAL 

FINANCIALLY, as the Report of the 
National Coal Board for 1950, issued last 
week, reveals, the year 1950 was a success­
ful one. A nationalised industry, we gather, 
is not permitted to earn anything so immoral 
as a " profit" but a "surplus " of £8 · 3 
million was made and the accumulated 
deficit of the Board was thereby reduced 
to £4 mmion odd. It is, of course, satis­
factory to find that the industry has placed 
itself upon a sound financial footing even 
if in order to do so it has had to lift the price 
of coal to the highest figure on record. 
But coal users will find little else in the 

• 
report that is particularly encouraging. 
It is true that in 1950 there was an increase 
in output as compared to that of 1949. 
About 1! million tons more coal were brought 
to the surface, so that, allowin.g for a small 
fall in open-cast output, a supply of coal 
increased by 1 · 1 million tons was made 
available. But demand increased more 
rapidly than did supply. Power stations, 
gasworks, industry and the domestic user 
all demanded more coal. Only the railways 
and the iron and steel industry economised 
sufficiently to reduce their requirements. 
Inland consumption as a whole increased 

. by 6 million tons and, though there was 
some reduction in the amount of coal going 
to exports and bunkers, the net effect by 
the end of the year was that stocks were 
drawn down by over 3 mil1ion tons. Since 
the amount of coal in stock at the beginning 
of a winter has never been really adequate 
since the end of the war, that reduction 
led directly to the near-crisis of the spring, 
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when, but for the unusual mildness of the 
weather and the economies in usage that 
industrial firms up and down the country 
were able temporarily to make without 
much loss of output, there might well have 
been a really serious need to close down 
power stations and factories for lack of 
fuel. 

Each year users of coal examine the Coal 
B0ard's report predominantly in the hope 
of discovering what measures that Board 
is taking to increase output. In a limited 
sense the present report is encouraging 
upon that point. One of its chapters reviews 
" the Year in E ach Coalfield." In that 
section there are repeatedly to be found such 
remarks as " face output per manshift at 
Tilmanstone reached 95 · 3 cwt in 1950 
compared with 85 · 4 cwt in 1949." Again, 
under the longer term developments con­
templated for each division there are many 
remarks similar to the following, which 
relates to the North-Eastern Division : 
" A scheme for the underground develop­
ment and mechanisation of New Monckton 
was approved during the year and should 
through the development of the Kent's 
Thick seam increase annual output by over 
200,000 tons." The impression is certainly 
given that the Board is energetically pressing 
on with improvement schemes, reorganisa­
tion and mechanisation. But the effects 
upon total output seem painfully slow in 
appearing ! For the central factor ruling 
over the whole report is that of manpower. 
Early in 1950 the "ring-fence " that pre­
vented men leaving the industry was 
removed by the Government on the advice 
of the Board. The eventual consequence 
of that action remains still in doubt. Its 
immediate outcome was a fall in man­
power in every division, reaching, in 
the West Midlands Division, as much as 
6 · 2 per cent. A total of 75,800 men left 
the industry during the year. But on the 
other side of the account the removal of 
the restriction seems to have encouraged 
men from other industries to enter coal­
mining. Some 55,300 joined it and by the 
end of the year and during the present year 
the rate of recruitment exceeded wastage. 
It remains to be seen how long that trend 
will·continue. If it does continue the fruits 
of the Board's works of improvement may 
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at last become noticeable in a ~elcome in-
crease in coal output for 1951. 

In 1950, thanks to improved methods, 
mechanisation, &c., and to a small, though 
very welcome, reduction in voluntary absen­
teeism, output per man year rose to 293 
tons, as compared with 282 tons in 1949. 
The effect of that improvement, however, 
was hardly more than sufficient to counteract 
the fall in manpower so that very little 
more coal was raised in 1950 than in 1949. 
Since the manpower situation is no·w improv­
ing again it seems reasonable to assume 
that the output of coal in 1951 may show 
some quite considerable increase. But will 
the output be large enough to meet the 
demand ~ Predominantly what this country 
needs at present is that its floating stocks of 
coal those stocks that fluctuate in amount ' . . 
from a maximum in the autumn to a nnni-
mum in the spring, should be built up to 
a figure large enough to give cover against 
all ordinary hazards, such as an unusually 
harsh winter ; and that they should be so 
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distributed as to make users independent 
of the disruption of production and 
distribution when railway workings 
are temporarily interrupted by snow and 
fogs. But where is that extra coal to come 
from~ It seems to us possible that some may 
be found in the present year. For, in conse­
quence of raw material shortages the indus­
trial output of this country in 1951 is likely 
to be restricted. If so and if, through the 
influence of increased manpower, more coal 
than was raised in 1950 is raised in the pre­
sent year, then some surplus may appear, 
sufficient, at least, to make a beginning in 
building up stocks to a. safer level. But if 
the surplus is to be available for that pur­
pose the Government and the Board will 
need to refrain improvidently from promising 
export coal to Europe. It is needed here. 
Indeed, for our part, we doubt whether 
this country will ever again become a large­
scale exporter of coal. Certainly it cannot 
do so for many years to come. For even 
if the output of deep-mined coal is sub­
stantially increased it can hardly be regarded 
as so sufficient in amount as to justify ex­
portation until it has become possible to do 
without the 12 mmion tons of low-grade, 
dirty coal at present won annually from un­
economic and undesirable open-cast workings. 

Letters to the ·Editor 
(We do not hold ourselvea reaponsible for the opinions of 

our correapondents) 

"CASTLE " CLASS ENGINES, W .R. 

SIR,-Referring to the let~er from Mr. E. C. 
P oultney in your issue of May 25th, the 
graphs relate to the work of the "5098," or 
Hawksworth series of "Castles " operating 
with the exhaust steam injector, and the fuel 
was Markham Grade 1, Welsh coal of 14,350 
B .Th.U. per pound, as fired, or 14,420 B.Th.U. 
per pound of dry coal. I may add that the 
larger superheater in the " 5098 " series 
compensates for a sh ortening of the tubes that 
was found desirable, to avoid burning ; it 
provides better joints at the header, a freer 
flue area through the superheater flues, and a 
somewhat increased thermal efficiency. 

Perhaps I may be permitted to add brief 
details of yet another excellent run with these 
fine engines, made only a few days ago with 
one of the new Festival trains-" The Merchant 
Venturer." The train was heavily loaded to 
414 tons tare, 445 tons gross behind the tender, 
and departure from Chippenham was 7 min 
late. By dint of a rapid start, with 56 m.p.h. 
attained in 3 miles of falling 1 in 660 gradient, 
an increase to 61-! m.p.h . . on the subsequent 
1 in 660 rise, and a notable climb up Dalmtsey 
bank- 1! miles of 1 in 100 at 50t m.p.h.- a 
minute ;.as 'regained on the sharp timing of 
22 min for t he 16 · 7 miles Chippenham to 
Swindon. Then the 41 · 3 miles on to R eading 
were covered in 39 min 40 sec start to stop, with 
speed averaging 74·6 m .p.h. over t he 14·4 
miles from' Didcot to Tilehurst, where the 
gradient is nowhere steeper than 1 in 1320. 
The arrival at R eading was 2!- min ahead of 
time. This ability to sustain 75 m_.p.h. with a 
445-ton t rain on a virtually ·level track should 
be noted, and on arrival at Paddington I 
learned that this running was made with the 
reverser in 15 per cent cut-off with the main 
valve of the regulator just open. The arrival 
in Paddington was 1}- min early, despite a very 
long slack for permanent way work near West 
Drayton. The engine was one of the "5098" 
series, No. 7019, "Fowey Castle." 

o. s. NOC'K 

Bath, June 9th. 
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Literature 
Elementary Theory of Structures. By 

J. C. GRASSIE, B.Sc. (Eng.), D.Sc., 
A.M.I.C.E., A.M.I.Struct.E. London: 
Longmans, Green and Co., 6 and 7, Clifford 
Street, W.l. Price 25s. 

IN thls book the author has followed the 
excellent principle of clearly defining the 
scope of his work and then dealing 
comprehensively with every aspect of the 
subject within the limits imposed. The 
nineteen chapters, written strictly to 
cover statically determinate structures, 
deal with geometrical properties of sec­
tions, the graphic representation and resolu­
tion of forces, the solution of simple and more 
complex trusses, the detailed analysis of 
simply supported beams, live loads and the 
theory and application of influence lines, 
elastic deformation of structures, the study 
of columns and simple three-dimensional 
triangulated frames. The approach to the 
subject is pleasingly scholarly, yet sufficiently 
practical to appeal to designing engineers. A 
characteristic of the book is the wide use which 
the author has made of graphical methods. 
In structural engineering, where it is often 
essential to visualise displacements and the 
play of stresses, the merits of graphical 
solutions cannot be overstated. The 
chapters on elastic deformations in framed 
structures and Williot diagrams are especially 
useful and form a sound basis for the study 
of displacements and prestressing in trussed 
structures. The classical methods of strain 
energy are also dealt with, but no mention 
is made of the neat representation by Mohr's 
circle. 

Much of the .book is devoted to the study 
of influence lines, a notable improvement on 
many textbooks published on theory of 
structures, which often do little more than 
mention this elegant method of solution. 
Here the author has fully developed the 
theory of influence lines, extending their 
application, beyond the study of roUing 
loads and simple beams, to direct forces, 
bending moments and shear forces in indi­
vidual members of complex triangulated 
structures. 

Numerous worked examples are given 
and each chapter is followed by exercises 
with answers. The book is well edited, and 
the subject matter is clearly and concisely 
dealt with. " Elementary Theory of Struc­
tures '' will appeal to civil engineering 
students and to designing staff in consulting 
and constructional engineering pffi.ces. 

BOOKS RECEIVED 
Pressure Vessels. By William Buchan Ritch ie. 

Manchester: Emmott and Co., L td., 31, King 
Street West. Price 3s. 

Handbook of Experimental Sflress Analysis. Edited 
by M. Hetenyi. London : Chapman and Hall, Ltd., 
37, Essex Street, W.C.2. Price 120s. 

Diesel Engine Manual. Edited by E. Molloy. 
London: George Newnes, L td., Tower House, 
Southamp ton Street, W.C.2. Price 15s. 

Electro-Plating for the Amateur. By L. ' i\Tar­
burton. London: Percival Marshal! and Co., Ltd., 
23, Great Queen Street, W.C.2.- Price 5s. 

Automatic Control of Industrial Plant and Pro­
cesses. Manchester : Emmott and Co., Ltd., 31, 
King Street West. Price 3s. 

Die Tragfahigkeit der Zahnriider. By von A. K. 
Thomas. Munich : Carl Hanser Verlag, Mtinchen 
27, Leonhard-Eckstrasse, 7. Price 12Dmk. 

P hiUps Practical Welding Course. Second edition. 
London : Philips Electrical, Ltd., Century House, 
Shaftesbury Avenue, W .C.2. Price 7s. 6d. 

Surface-Water Sewerage. By L. B. Escritt. 
London: Contractors Record, Lt d., Lennox House, 
Norfolk Street, Strand, W.C.2. Price 21s. 

Make Your Own " 0" Gauge Motor. By E. F. 
Carter. London: Percival Ma.rshall and Go., Ltd., 
23, Great Queen Street, W.C.2. Price 3s. 6d. 
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Navigation in Coastal Waters 
LAST week the third chain of D ecca navigat­

ing stations was brought into use after complet­
ing a three weeks' test period. I t is known as 
the North British Chain and was formally 
opened by Air Chief Marshal Sir Freder.ick 
Bowhill, Master of the H onourable Company 
of Mariners, the ceremony taking p lace at the 
Wallasey Corporation's new passenger ferry 
" Royal Iris." The chain extends the D ecca 
er vice to Scottish waters and the North­

Western approaches and follows the geographical 
:;;tar pattern with the master situated at 
Kidsdale, in W.igtonshir e ; the red slave at 

'lanrolla, in Northern Ireland ; the green slave 
.at Low Buston, N orthumbcrland, and the 
purple slave at Neston, Cheshire. The distance 
between master and the slave stations is about 
l OO miles, compared with 70 miles on the 
English Chain, and the longer base line provides 
t he same degree of accuracy over a wider area. 
By reason of the station positions, greater 
advantage can be taken of t he lobe areas of 
high accuracy which lie in the angles formed by 
the base lines. To complete the coverage ~;'\. 
South-West British Chain is projected; it 
will greatly assist ships making landfall to the 
nor th of the Bay of Biscay and in the English 
Channel approaches. 

Annual Report of the North of 
Scotland Hydro-Electric Board 

THE North of Scotland Hydro-Electric 
Board's annual report for 1950, was published 
on June 12th last. The Board instaJled, 
during 1950, hydro-electric generating plan t 
with a total capacity of about 198MW and 
diesel generating sets with a capacity of 6MW, 
a total of some 204MW. At the end of the year 
the Board had in operation thirteen hydro­
electric, six steam and twenty-eight diesel 
stations. Nine hydro-electric schemes were 
under construction and a start will be made 
soon on the construction of the following 
five schemes: Gaur and Lawers (Per thshire), 
Glasca.rnoch-Luichart-Torr Achilty (Ross-sbire ), 
Moriston and Garry (Inverness-shire). 

'Dle Board had under survey last year hydro­
electric schemes, which it is estimated will 
have an approximate capacity of 278 · 5MW, 
and an estimated average annual output of 
1068 million units. They included the Shin, 
Orrin, Kilmelfort and Breadalbane schemes 
(which have been published this year) and also 
proposals to use the water of the Rivers Farrar 
and Beauly, the Tay Basin and extensions to 
the Affric scheme. By the end of 1950 the 
Board's programme of the development of the 
water power resources of the Highlands had 
r eached the stage indicated in the accompanying 
table. 

Estimated 
T otal Annual Out . 

oa~acity put (lcilo-
( W) watt hours 

X 108 ) 

!I) operation ... ••• ••• 199 ·7 376 ·0 
Under construction ••• • • • 299·3 465·0 
Promoted and just starting l !l8·2 736 ·0 
Promoted ... • • • • •• . .. 8·1 27·5 
Under survey ••• • •• . .. ~78·5 1068 ·0 

913·8 2672·5 

The Board gave supplies during the year to 
a further 22,140 consumers. From January 
1, 1948, to D ecember 31, 1050, 56,700 new 
consumers have been given o. supply for the 
first time in the Board's area. There are 
about 120,000 consumers, or about 400,000 
people still without a supply of electricity. 
In three years, therefore, nearly 30 per cenL 
of the potential consumers in the Board's area 
have been given a supply. The total length of 
distribution lines at the end of the year wa~ 

· 5808 miles, about 310 milf's of which wore 
erected during 1950. 

The 132kV Highland grid system in opera­
tion or under construction at the ond of J 950 
consisted of 1120 miles of linos and ten switch­
ing stations. The Board has promoted ten 
schemes for main transmission. 

EN 0 J N I~ I~ R 

At Caroline Port generating station, Dundee, 
the r ebuilding of an old boiler house for the 
15MW closed-cycle gas turbine and the pre­
paration of foundations were completed and 
the first large component, the air pro-heater, 
was installed by the ond of the year. The 
t urbines, compressor, r otors Q.ll.d casings were 
being manufactw-ed, m ost of the blading being 
already complete ; some parts were on the 
site and others were undergoing tests in the 
works before being sent to the site. 

Research work undertaken by the Board 
last year included an investigation into new 
methods of tunnel driving, experiments with 
an electrical fish screen and an electric enumera­
tor to count fish passing up the fish passes at 
dams. R esearch work in connection with a 
peat-fired gas turbine and the drying of hay 
by electricity was also carried out. The founda­
tions and steel tower of the 100kW experi­
men tal windmill were erected on Costa Hill, 
Or)mey and the machinery after being tested, 
in the manufacturer 's works, was shipped to 
Orkney in preparation for installation. 

• 

132kV Wood Pole Trans­
mission Line 

THE British E lectricity Authority has decided 
to erect a section of 132kV line to be carried on 
wood p oles. It will be the first departure, 
since the establishment of the grid, from the 
standard practice of using lattice steel towers 
for high-voltage transmission. The two reasons 
for the adoption of tho new construction are the 
shortage of steel and the possible economies 
which can be eff~cted in present circumstances. 

The first wood pole line is about to be erected 
for the Authority by British Insulated 
Callender 's Cables, Ltd., to meet the increased 
loads on the system of the South Wales Elec­
tricity Board. It will be a single-circuit line 
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WOOD POLE TRANSMISSION LINE SUPPORT 

with a capacity of 90MVA, between Carmarthen 
and Haverfordwest- a distance of approxi­
mately 30 miles- and it will be carried on " R " 
supports. For stra ight-line positions the 
creosote-impregnated red fir poles will be 45ft 
" stout " poles to B .S. 139, the spacing between 
the poles being 16ft. :F'or normal angle posi­
tions, a similar construction will be used, but 
the poles will be suitably stayed. As shown 
in our illustration, a braced steel cross arm will 
be secured to the poles by single bolts to form 
a pin-jointed structure for carrying the insulator 
strings. 

The conductors will be arranged in horizontal 
formation with 16ft spacing between phasos, and 
the basic span length will be 600ft. Steel-cored 
aluminium conductors will be used, the size 

,J11J1 C 15, ] !)!) ] 

being 37/0 · 110 (0 · l 75 square inch), which is 
the standard usod for most of t he British 
Electricity Authority's 132kV lines, and tho 
mechanical t ension in the conductor at 40 deg. 
lfah. will be 4370 lb. The designed loading 
conditions are for a !in radial thickness of ice 
on the conductors with a wind pressure of 
8 lb per square foot. The factor of safety of 
the conductor at 22 deg. Fah. under these 
conditions is 2 · 2, and for tho supports and 
foundations 3 · 5. No earth wires will be fitted 
and the steelwork will be unearthNl. 

Institution of Civil Engineers' 
Conversazione 

TilE Institution of Civil Engineers' con ­
versazione was t his year arranged to take p lace 
during the Joint Engineering Conference, and 
was held on Friday last, June 8th. According 
to the usual custom at t his event, a display of 
models was on view in the library, including 
scale models of engineering works at present 
under construction or r ecently completed, 
models of h istorical interest, and exhibits of 
structural and physical testing apparatus. 
Unfortunately, lack of space prevents the men­
tion of more than one or two examples of this 
interesting collection ; however, the prototypes 
of a number of the models have already been 
described in the pages of THE ENGINEER. 

One of the m odels which was exhibited 
by J. A. S: Rolfe was that of a radio-controlled 
ship used in hydraulic model experiments for 
the design of p orts . The exhibit was arranged 
to give a demonstration of the model, which 
is a r eplica of the P. and 0 . liner " Chusan," 
some 12in long. The radio receiver weighs less 
Lhan 1 oz, and the model is believed to be the 
smallest of its kind ever built. J t is 
provided with a full set of contr ols and may be 
steered to port or starboard, and can go ahead, 
be stopped and reversed by remote control. 
The model was designed for use in a tidal model 
o ( a harbour used by the prototype ship, and 
it has proved to be very useful in demonstrating 
the effect of various water currents on naviga­
tion in the harbour and has enabled a satis­
factory design of entrance lock to be evolved . 

Some of the work of the Department of 
1 cientific and Industria l Research was exem­
plified by exhibits from the Road R esearch 
Laboratory and the Building R esearch Station. 
A model of the junction at Gillett e's corner on 
AA showed the magnitude of vehicular and 
pedestrian flows before and after the opening 
of a pedestrian subway. For journeys through 
the s ubway taking approximately the same 
Lime as the surface journey, a high proportion 
of pedestrians used the subway, but for journeys 
taking ten to fifteen seconds more than tho 
Hurface journey, it was used by only 10 to 15 per 
<·ent of pedestrians. A second exhibit showed t'l. 
model street, having one half of the road surface 
rougher than the other. The backgrounds, 
hedges, houses, &c., were also different on the 
two sides. The lighting of the street, however, 
was symmetrical about the centre line, so thaL 
the differences in the visibility on the two side. 
of the road were due entirely to the behaviour 
of the surfaces on which the light fell and not to 
the state of the lighting. 

Recently several comparatively light build­
ings, such as houses and single-storey schools, 
have been erected in Southern England on 
short bored pile foundations . Holes are cut 
Loa depth of 8ft to 14ft by a hand or mechanical 
auger, the holes are filled with concrete ; l ight 
beams, precast or cast in situ, aro used to span 
between the pile heads and the buildings are 
erected on this framework. The system is 
par ticula rly attractive where foundations have 
to be cut in shrinkable clays of the kind which 
cover much of outhern and Eastern England. 
Such clays dry and shrink in summer and swell 
again in winter( and, while they usually have 
acloquate load-bearing strength, foundatioM on 
such a Rite have to be at least 3ft deep to avoid 
damage due to the seasonal movement .. 
Tho oxhibit at tho con versazione explained n. 
little of the work being carried out at th 
Building R esear ch Station to provide ade­
quate design data for such foundations. 



• 

... 

June lG, 1951 THE ENGINEER • 

Exhibition of Industrial Power at 
Kelvin Hall 

No. III-(Oonti'YI!Uedfrom page 754, June 8th) 

HAI.I. OF STEEL 

FR OM the Hall of Coal the sequence leads 
to the Hall of Steel through an approach· 

lined with stainless steel sheets. As an 
example of heavy forging there is a forged 
steel back-up roll, weighing 31 tons, made by 
William Beardmore and Co., Ltd., and con­
sisting of a forged steel arbor and an alloy 
forged steel sleeve, 7!in t hick, the barrel 
being 54in in diameter by 80in long. The 
roll is specially treated to give a Shore 

. scleroscope hardness of 50/55 deg., and it will 
be used in the roughing and finishing stands 
of hot mills in the reduction of wide ferrous 
strips. The British Gear Manufacturers' 
Association shows examples of herringbone, 
spiral bevel and helical gears, while William 
Jessop and Sons, Ltd., exhibit high-tempera­
ture steel gear wheels operating in a furnace 
chamber raised to 950 deg. Fah. to represent 
high-temperature working conditions. 

The skill of the foundryman is shown in 
the form of a cast steel spiral casing for a 
56,000 b.h.p., 428 r.p.m., vertical reactiop 

ing Company, Ltd., and illustrated herewith . 
, The press brake is of all welded con. 

struction of 60 tons normal rated pressure, 
handles 8ft by ! in mild steel, and with a heavy 
welded and annealed frame. V ee belts 
from a 5 h .p. high-slip motor drive 
a pulley integral with flywheel clutch 
and lugged brake, all mounted in the 
first motion shaft, which has anti-friction 
bearings. Power is transmitted to the 
second motion shaft, also on anti-friction 
ball and roller bearings, through steel helical 
gears and double reduction pinions at each 
end of the frame take the final drive to twin 
.eccentric solid steel forged shafts. These are 
carried in a steel crown in large-diameter 
phosphor-bronze bearings and cast iron 
pitmans fitted wj.th phosphor-bronze worm 
wheels, and high-tensile spherical ended 
screws transmit the power to the steel plate 
top beam. The press will single stroke by 
the operation of a ram stop mechanism, 
which has a lever to disconnect the gear and 
so allow normal brake press working. A 

• 
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multi-plate dry clutch 
permits inching to 
be carried out and a 2 
h .p. motor, fitted with 
safety limit switches, 
provides for power 

FRANCIS TURBINE SPIRAL CASING 

turbine, which will operate on a maximum 
static head of 953ft. Built by the English 
Electric Company, Ltd., for the North of 
Scotland Hydro-Electric Board's Glen Shira 
scheme, the turbine drives a 50MW alternator. 
The casing was cast by William Beardmore 
and Co., Ltd., and machined by Harland 
and Wolff, Ltd., and has a diameter of 
approximately 19ft and weighs 38 tons. · 

To demonstrate the forming of metals 
there is in operation a blacksmith's shop, 
fitted with equipment supplied by Alldays 
and Onions, Ltd. In contrast there is a 
modern machine shop which is equipped 
with a " Bronx" 60-ton all-steel press 
brake manufactured by the Bronx Engineer-

control of the top beam for die opening 
adjustment. Lugs cast on the outside of the . 
overhung brake casting provide for barring 
up in the event of the top beam tool sticking. 

The profile cutting machine, supplied by 
the British Oxygen Company, Ltd., can 
work from a steel master template through a 
magnetic roller, a plywood master template 
by using hand control of the spindle hea~, a 
drawing by using hand control of the tracmg 
head and a specially prepared drawing in 
association with an automatic electronic 
tracing head. For each of the above methods 
of working a separate and easily interchang~­
able driving head is supplied. The magnetic 
head consists of a mains-energised magnet 
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bearing a roller which loads itself against the 
steel template. A milled spindle driven from 
a splined sleeve forms the spindle head, the 
milling driving the spindle along the profile. 
The tracing head bears a knurled tracking 
wheel and a spot of light projected on to the 
drawing indicates the position of the head, 
which is guided by a hand wheel. For using 
the fourth head a specially prepared drawing 
having !inch wide black lines on a white 
background is required . Guidance of the 
head is effected by a spot of light projected 
to faill so that the spot area is equally divided 
into black and white segments and deviation 
from this balance causes reaction in a photo­
electric cell. The controlling medium is the 
reflected light received by the photo cell, 
which provides mechanical operation through 
circuits to control the steering motor. The 
photograph which we reproduce shows the 
general arrangement of the machine, which 
cuts a minimum radius of 1!in and a maxi­
mum thickness of 12in. When using the 
electronic head the cutting area is 36in by 
24in, and this is extended to 44in by 26in 
when using a template or other means of 
reproduction. 

Another tool, seen in our illustration, is 
the " Hydetsco " shaping machine, which is 
sturdily -constructed and has a cast ram with 
large bearing surfaces. Vee-section ram 
slides have a full-l~ngth jib with adjustment 
for wear, and the guides are protected by a 
guard at the rear and felt wipers at the 
front. The heavy box-section swivelling 
table is supported on a large diameter trun­
nion and can be clamped in any position. 
There is a reversible hydraulic power feed 

' 
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60 - TON BRAKE PRESS 

for the horizontal traverse, while gears and a 
telescopic screw which is hand operated, con­
trol vertical movement of the cross rail, end 
thrust being taken on a ball race. Both feeds 
are fitted with micrometer dials. The tool 
head can swivel through 60 deg. on either side 
of zero; the toolbox also swivels and is pro­
vided with a tapered location for quick 
release and elimination of side thrust. A 
flange-mounted 5 h.p., 950 r.p.m. motor 
drives a variable delivery pump and a lever, at 
the pump, controls the ram speed, which can 
be varied from 0 to 110ft per minute. The ram 
has a stroke of 24in and the down feed of the 
tool head is 6in, while the longitudinal feed 
of the table is 22in, with 8lin vertical feed. 
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CROS S C A RRIAGE FLAME CUTTING M ACHINE H Y DRAULIC SHAPING MACHINE 

Other particulars of the machine are:­
Length of cross slide, 36in ; table sizes, 
24in by 14iin top and 14in by 14!in side; 
and a not weight of 1 ton 17 cwt. 

The lathe exhibited in the workshop is a 
12in H .D. all-geared head centre lathe, giving 
a 24in swing over the bed and a 38in swing in 
the gap, and is a product of the Crowthorn 
Engineering Company, Ltd. The bed, which 
is 12ft 9in long, has inverted vee slides and 
admits 8ft between centres, while the hollow 
spindle admits 3jin diameter and is mounted 
on Timken taper roller bearings at the front 
end and parallel roller bearings at the rear. 
Power is supplied by a 10 h.p. motor through 
vee belts and a multi-disc friction clutch, and 
there is a motor-driven suds pump. 

Overhead, on a gantry supplied by 
A. and J . Main and Co., Ltd., is a 5-ton, 
three-motor electric crane, manufactured by 
Herbert Morris, Ltd., having a span of 
36ft 6in which is representative of the cranes 
produced by that firm. The driver has a com­
fortable cage arranged to give good visibility, 
and the bridge travel gears are enclosed, 
while pedestals with self-aligning ball bear­
ings support the cross shaft. An electrically 
welded steel structure forms the crab frame, 
which carries the traversing and hoisting 
motors, gearbox and drum. The hoisting 
drum is of large diameter, driv~n through 
heat-treated nickel-chrome gearing by a 
liberally rated motor, and there is a hoisting 
rope equaliser pulley supported from a 
pivoted cross bar. The load is held by an 
electro-mechanical brake when the hoisting 
circuit is broken, and a self-resetting switch 
cuts off the current when the bottom block 
reaches a specified height. Norm-alised high ­
carbon steel hoisting gear spur wheels are 
mounted on shafts of nickel-chrome steel; 
the electric 1notors hav€' flexible couplings. 
Among thr tool room rquipmrnt is thr 

"~ralysurf " surface measuring in trumrnt, 
tnanufactured by Taylor, Taylor and Hobson, 
Ltd., and illustrated herewith. The instru­
ment measures the roughness of surfaces 
by traversing a sharply pointed stylus over 
the surface and electrically amplifying its 
movements, which are recorded graphically 
to give a cross section of the surface undula­
tions or a number indicative of the degree of 
roughness. The pick-up can take either a 
rounded skid or a flat shoe for generating the 
datum, and the diamond stylus has a tip 
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dimension of 0 · OOOlin working under a 
pressure of 0 ·1 gramme. There is a movable 
gearbox, a simple stand and an amplifier, 
incorporating the power pack, which is 
designed to feed an average meter or recorder. 
The pen recorder provides a graph having 
rectilinear co-ordinates, the trace being 
made by electrical marking on Teledeltos 
paper. Magnifications normal t o the surface 
extend in steps of 1000 to 50,000 times; 
those along the surface are 100 or 20 
times. 

(To be continued) 
• 

Joint Engineering Conference 
No. Il-(Oontinued from page 763, J -une 8th) 

WE continue below our swnroaries of papers 
presented at the J oint Engineering Con­

ference jn London which comes to an end 
to-day. 

Thursday, June 7th 

PORTS AND HARBOURS 
By L. LEIOHTON, M.I.C.E., M.I.Mech.E., 

A.M.I.E.E. 

DRY DOCKS 
By J. GUTHRIE BROWN 

The importance of harbour facilities to Great 
Britain is r eflected by the fact that there are 
to-day in this conntry 330 ports, operating 
nnder statute, ranging from large passenger 
and cargo ports to small fishing harbours and 
harbours of r efuge. Of these undertak ings, 
50 are now controlled by the British Transport 
Commission, 110 are administered by Harbour 
Boards, Com.rrUssions or Trusts, 70 are owned 
hy municipal au thorities, and 100 by companies 
o r in.di v i<lunl H. Thoro nr<' nJRo t.he mwn.J port:-;. 

In a large port system, dredgers may have to 
deal with a million tons of silt a year. Con­
sidering the matter on the bed of the seas which 
is agitated by storms and carried by the great 
tidal impulses, it seems that some dredging 
will always be necessary. Even with natural 
depths adequate for shipping, it is only neces­
sary t o study what happened to the ancient 
ports of t he Mediterranean to appreciate the 
result when artificial means are not adopted 
to counteract the natural deposits, and there 
aro examples in this country of what were once 
navigable waterways which are now of little, 
if any, value commercially. 

Generally speaking, a port authority is fully 
occupied in providing berths and ensuring that 
the port system will operate efficiently without 
undertaking warehouse duties, with the one 
important exception of grain ; during the five 
yoars 1934-38, some 180,000 tons of grain per 
week were imported into this country, where 
the largest silo has a storage capacity of 60,000 
tons and a pneumatic plant able to discharge 
:-; hips at the rate of 600 t ons per hour. Engineers 
havo contributed greatly to mechanical hand­
ling of bulk cargoes like grain, eeds, coal, orC's, 
potroloum, molasscR, latex and ugar. 

Thoro are thirty-two major dry docks in 
tho world, ton of them within the British 
Commonwealth and so well distributed that 
they might be considered as capable of serving 
most of the world,s main sea routes. Ten are 
situated around the seaboard of tho United 
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tates ; of the remaining docks, eight are in 
Europe and one in the Panama Canal Zone. 
Any forecast of dry docks of the future is 
linked t o tho gradual increase in the dimensions 
of the vessels now builcling or projected. 
General average increase in tho size of com­
mercial vessels, and particularly t he increase 
in their beam in proportion to their length, 
<:ontimtOA. ln considering t he mor <listant. 
l'utul'O developments of dry docks, o.tomio 
power and t he atomic bomb cannot be ignored. 

• 



June 15, 1951 

The future impact of these momentous dis­
coveries upon both naval and commercial 
vessels is a problem to which at present no 
definite answer can be given. 

MECHANICAL PLANT FOR ELECTRICITY 
POWER STATIONS 

By V. Ar..EXANDER PasK, M.I.Mech.E., _M.I.E.E. 
In 1882, the Electric Lighting Act was 

passed, and in 1884 a very important technical 
advance was the invention of the steam turbine 
by Sir Charles Parsons, which led to the eclipse 
of the steam reciprocating engine for power 
generation on grounds of size and thermal 
efficiency. From 1905 onwards for twenty 
years the output of turbo-generators increased 
from 4~00kW to 35,000kW at 1500 r.p.m. 
The settmg up of the Electricity Commissioners 
in 1919 led to the co-ordination of generation 
a.nd main transmission on a voluntary basis. 
During seven years from 1923 to 1929 some 
3! million kW of plant was installed, ~nd by 
the beginning of the period from 1937 to 1950 
the Central Electricity Board had carried out 
the main functions embodied in the Electricity 
{Supply) Act, 1926 ; in 1938 planned control 
of the output of 171 stations showed that only 
thirty were running for the whole year, fourteen 
of the most economical stations supplying 50 
per cent of the units generated . 

In 1884, Sir Charles Parsons took out his 
master patents for the steam turbines which 
also covered gas turbine developments. The 
first turbines were built by Clarke Chapman 
at their Gateshead works, and were small non­
condensing machines; condensing turbines 
up to 5000kW output were later built at the 
Heaton works. Improved blade forms of aero­
foil section were established by means of a 
small experimental turbine. The vertical 
Curtis turbine was developed in the U.S.A., 
and the Rateau impulse turbine on the Con­
tinent, where large gas engines were used for 
public power supply. The first diesel engine 
was built at Nuremburg in 1897. In 1895 there 
were many improvements in the design of 
Francis turbines and Pelton wheels, which led 
to world-wide water power developments. 
~ Great Britain, fifty-three new power 

statiOns have been designed for generating 
plant to be released in the period 194&-56; 
twenty-nine stations for the first five-year 
programme 194&-50 inclusive; twenty stations 
~or t~e second five-year programme 1951- 5 
mclus1ve, and four for the first year of the third 
five-year programme. World power resm:U'ces 
so far used comprise water, coal and oil, with 
its associated natural gas ; the r ates of extrac­
tion of coal, oil and natural gas during the 
past century have been so great as to cause 
anxiety regarding the future- power position. 
In the near future, rapid expansion of water 
power resources and the more efficient use of 
coal, oil and natural gas resources are necessary. 

Development and use of atomic energy may 
eventually r edress the exhaustion of under­
ground energy resources. Economic studies 
would appear to justify use of heat from 
atomic piles for base-load stations with resulting 
saving in national coal r esources. Atomic 
piles in association with steam plant may 
become practicable in the near future. 

ELECTRIC TRACTION AND SIGNALLING 
By C. M. Cocx, M.I.E.E., H. H. DYER, M.I.E.E., 

and R. DELT,, M.I.E.E. 
The earliest credit for the conception of an 

electric railway is due to Thomas Davenport, 
of Brandon Vermont, U.S.A., who, in about 
1835, made many models of electric railway 
cars which he operated by batteries. In 1842 
a Scotsman named Davidson made a 7-ton, 
two-axle car for the Edinburgh-Glasgow Rail­
way ; each axle carried a wooden cylinder on 
which were fastened three iron bars parallel 
~o the axle. F our electromagnets were arranged 
m pairs on each side of each cylinder, and a 
speed of 4 milos an hour was attained with a 
load of 6 tons. This was probably the first 
electric locomotive ever to run. 
. Electric traction first made its appearance 
m Great Britain in 1883, when the first quarter 
of a mile of Magnus Yolk's railway at Brighton 
was opened to tho public; in l:>eptember of 
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that year 8 miles of railway between Portrush 
an~ Giant's. Causeway were electrified, power 
bemg supphed by a hydraulic plant, the first 
example of hydro-electric power used for railway 
tract10n . In 1890 the City and South London 
Tube Railway was opened and was extended 
to. ~lapha~ Common and Moorgate in 1900. 
Br1t1sh ongmeers have made outstanding con­
tributions to railways abroad, the most notable 
works being the electrification of the suburban 
systems of M?lbourne, Sydney, Cape Town, 
Bombay, Wellmgton, Buenos Aires and main 
lines in India, South Africa, New z'ealand and 
BraziL 

Long before colour-light signals were intro­
duced on railways, electric power was used for 
operating points and signals. In 1900, the 
~ondon and North-Western Railway brought 
mto use electric power signalling at Crewe. 
Power signalling was introduced throughout 
the District Railway when that system was 
electrified in 1905, and the same method was 
em:ployed fo_r the tube railways._ The principle 
of m~erloc~mg. railway signals and points by 
electr~cal 01rcwts, or relay interlocking, was 
first mtroduced by the automatic operation 
of a cross-over and its associated signals on 
the Mersey Railway in 1923. 

Power signalling with its associated track 
circuiting makes possible the concentration at 
a central point of signalling controlled from a 
number of signalboxes. It thus enables signal­
boxes to be dispensed with and a consequential 
saving in operating costs to be made. Future 
development in this respect is largely dependent 
upon considerations of economy and manpower 
and the same applies to the extension of the 
block controls and the introduction of auto­
matic warning control in locomotive cabs. 

Friday, June 8th 
PUBLlC HEALTH IN MUNICIPAL 

ENGINEERING 
By H. J. B. MANZONI, C.B.E., M.I.C.E. 
Civil engineering has a considerable bearing 

on the health of the people ; highway design 
and construction, for example, whilst devoted 
mainly to providing convenient roads for all 
types of traffic, also aims at eliminating risk 
of accident and such a nuisance as dust, which 
may be a menace to public health. 

The state of British towns and cities in the 
early years of last century was almost incredible 
to modern ideas. Often the people of London 
had no water to drink other than that from the 
sewer, which slowly trickled under their 
windows, bearing its quota of dead fish, dogs, 
cats and filth. Although cholera was rife, the 
people dre~ their water from the cesspool. 
The Public Health Act deals with the problems 
arising from solid as well as liquid waste, and 
the two most important subjects which concern 
the municipal engineer are the collection and 
disposal of refuse from buildings and street 
cleaning. Before World War II the quantity 
of refuse collected and disposed of every year 
by local authorities in England and Wales 
was estimated at 14 million tons, at a cost of 
about £11 million per annum. 

Modern street-washing machines hold about 
1000 gallons of water in a large tanl{, and they 
oan be used both for washing streets by pressure 
and also for damping down refuse, so that it 
can be easily collected. When used for damping 
down, the water flows from the machine by 
gravity, and with one jet working it can cover 
4 miles without refilling. If the sprinklers 
only are used, a similar distance can be 
covered, but when washing down with four 
jets under pressure, 1000 gallons of water are 
used per mile of travel. During a shift of 
eight hours, allowing for normal delays, a 
street washer can clean from 12 to 15 miles of 
road. 

Mr. Manzoni r efers briefly to the very 
interesting subject of district heating, pointing 
out that there is no technical difficulty about 
it, the problem being largely financial. He 
states that district heating is the cheapest 
form of heating for an estate of appreciable 
size where the whole of each building is heated ; 
the cost, however, is greater th&n the cost of 
coal required for fires in only one or, at t,ho 
most, two room~;; of each house. This results 
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in a. higher weekly charge than is paid for ilJo 
normal very meagre heating at present available. 
F or very large estates, steam turbines and 
high-J?ressure boilers are necessary to generate 
electn c c~rent, the exhaust steam being used 
for heatmg wa.ter for the district heating 
scheme. 

THE APPLICATION OF POWER TO 
AIRCRAFT 

By F. M. OWNER, C.B.E. 

The fu·st successful attempt to produce u 
power plant for a heavier-than-air craft was 
~ade in Great Britain by John Stringfellow 
Just before the Great Exhibition of 1851, his 
steam-powered model aircraft having flown in 
1848. Fifty years later Sir Hiram Maxim had 
succeeded in reducing the specific weight of a 
~team _power plant from 50 lb per horsepower 
m Strmgfellow's model to just below 10 lb; 
a lthough Sir Hiram's machine lifted itself from 
the ground, it never achieved free controlled 
flight. When this was achieved in 1903 by the 
\Vright Brothers, their power plant was con­
siderably heavier per horsepower than that of 
Sir Hiram Maxim. 

The fundamental principles of aerodynamics 
were originally laid down by Leonardo da Vinci, 
but not until Lanchester's work in the early 
days of t he present century were they enunciated 
and codified in a classical and authoritative 
manner. A similar basis was laid down for 
engines by the famous research of Gibson and 
Heron at the Royal Aircraft Factory as early 
as 1915, and by 1920 these principles had been 
embodied in the first successful fixed r adial 
engines, the Bristol " Jupiter " and the 
Arrnstrong Siddeley " Jaguar," these having 
ousted the rotary engine because its cooling 
system was indiscriminate and not con ­
trollable. 

To-day, the propeller has a field of usefulness 
in which it cannot be challenged, because of 
its high propulsive efficiency. R ecent advances 
in propeller design for high speeds have sug­
gested that they can possibly be used at 
trans-sonic and even super-sonic speeds. The 
propeller is accepted as the best mode of pro­
pulsion for speeds up to 500 m.p.h. and altitudes 
up to at least 40,000ft, beyond which the 
turbo-jet engine has no competitor at present. 
The piston engine continues to be accepted as 
suitable for use for transport aircraft with 
speeds up to 300 m.p.h., and at altitudes up 
to 20,000ft. For very long duration, com­
pounding is coming into use by the addition 
of an exhaust turbine driving either the crank­
shaft or the supercharger. Another specialised 
application is the helicopter power plant. 

The immediate successor to the p iston engino 
is clearly the propeller turbine, or "turbo­
prop," engine, which comes into its own at 
powers around and beyond the natural limit 
of the piston engine. It is lighter, and can show 
a competitive fuel consumption at high speeds 
and altitudes. In flexibility and part load 
consumpt ion it is intermediate between the 
piston and turbo-jet engines. These features 
and the simplicity of aircraft conversion mako 
the turbo-prop a natural successor to the piston 
engine for the faster modern aircraft, and it 
may be expected to power aircraft having speeds 
up to 500 m.p.h. at altitudes up to 40,000ft 
for a long time to come. 

The author writes that it is sobering to r eflect 
that his brief review covers a period of less 
than half a century, and that the rate of pro­
gress has so accelerated that a substantial 
proportion of the whole development.. has 
occurred in the last decade. Power units still 
discard much more energy than they convert.. 
to useful power and the cost of speed has boon 
high. Speed is what the aircraft has to " sell," 
and, therefore, it is necessary to concentrate 
on improving efficiency without undue sacrifices 
in lightness ; the most profitable field to explore 
may be the " no-man's land " between the 
aircraft and the engine designers. 

Many years ago Fokker said that the difference 
botwoen ma.rino and aircraft design was that 
with aircraft the " spray " could not be soen, 
and to that may be added that nowadays much 
of tho spray is very hot. Pending the advent 
of atomic power- for which it may bo necessary 
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to wait a long Lime- it 1nay b e well to r em ember 
that the world's v ast sources of liquid fuel are 
neither inexhaustible n or replaceable, and some 
day it will be necessary to economise. The 
author hopes that Great Britain can continue 
to lead the way in the more efficient provision 
of aircraft power for whatever aircraft the 
future may have in store. 

BRITI SH ACHIEVEMENTS IN ELEC­
TRICAL MEASURING INSTRUMENTS 

By s. WHITEHEAD, M.I.E.E. 
The early workers m electrical science were 

handicapped by the pitiable inadequacy of 
the means of detecting electrical currents; 
the heating of a wire, a gaseous discharge, and 
even t h e twitching of a frog's leg were some of 
the methods used. Enormous advance became 
possible by Oersted's discovery in 1820 of the 
deflection of a compass n eedle by a conduct or. 
In 1821 Faraday showed that Oersted's couple 
on the needle was counterbalanced by similar 
reaction on the conduct or which, if free t o m ove, 
was deflected by a fixed magnet. 

The integrating meter is the m ost widely 
used single instrument and the best known t o 
the general public. Integrating . meters have 
generally been electro-chemical, thermal or 
electromagnetic, but all types are directly 
founded on the researches of Faraday. The 
induction motor lends itself to energy m easure­
ment and alternating current, since the current 
in a disc and the field acting upon it can be 
made proportional to current and/or voltage. 
The earliest induction meters were produced 
about 1888 and they are n ow the predominating 
type since a lternating current supply is nearly 
universal. 

Sir Ambrose Fleming invented the diode in 
1904, the first thermionic valve, and Lee de 
Forest invented the triode in 1907. These 
inventions and their developments have had a 
profound effect on m easurements and a ther­
mionic valve will work with a low input en ergy 
and up to very high frequencies . The Moullin 
v oltmeter of 1922 opened up new fields b ecause 
it was suitable for frequen cies where hitherto 
fragile and power-consuming instruments had 
been used. 

The early history of electrical m easurements 
is a history of physical science. Electrical 
instruments enabled many of the most 
important discoveries to be made, which, in 
turn, produced more and b etter instruments 
and so led to more discoveries . Then came the 
development of the electrical industry, which 
was founded on measurement and uses and 
relies upon accurate m easurem ent m ore than 
any other comparable industry . To-day we 
see electrical instruments and measuring 
devices permeating all forms of scientific and 
industrial activity. It is, indeed, rare to find 
any measurement in which electricity cannot 
play some part. Modern civilisation thus 
depends upon electrical m easurements, and the 
part played by Great Brita in in this achievem ent 
should be a source of pride and encouragem ent 
t o future effort. 

TECHNICAL ADVANCES IN THE GAS 
INDUSTRY DURING ONE HUNDRED 
YEARS 

By F. M. BmKs, C.B .E ., M.I.Mech .E . 
The gas industry as a public ser vice came 

into being with the formation of t he Chartered 
Gas Light and Coke Company in 1812. In 
those days t echnical knowledge was m eagre 
ctnd old musket barrels were used for t he early 
gas pipes, giving rise t o t he expression " barrel 
piping. " As an indication of the scale of 
development in gas m anufactm·o, the author 
shows a very :fine drawing of the world's first 
gasworks- yet another pioneer British achieve­
ment-of which relics may still be seen in 
W estminster. This was unique throughout its 
hist ory, having been used for m aking t wo 
types of gas, n am ely, gas of m aximum canclle­
power o btaine"d from cannel coal and used t o 
supply the H ouses of Parliament, the Royal 
Palaces, and th e purlieus of Westminster, and 
gas of normal candlep ower made from New­
castle coal. This, with similar supplies from 
two other works, was used to feed the remainder 
of the district served by the Chartered Cas 
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Light and Coke Company, as it was called. 
During the greater part of the ninet eenth 

century, charging of gas retorts was manual, 
so that the r et orts were limited to two or three 
tiers . This limitation in height of the r etort 
setting, and consequently the r estricted amount 
of gas per unit of ground spa~, did not affect 
most works which had ample area. At the 
St. Pancras works of the I mperial Company, 
however, demand for gas increased so rapidly 
in about 1860 that D. Meth ven, engineer of 
this station, was only able to meet his require­
m ents with the limited site available by building 
settings of ten retorts in five tiers . The top 
two tiers of retorts were charged from a movable 
stage. During the two decades 1870- 1890, 
direct firing of r etor t settings was superseded 
by producer gas firing with or with out the 
addition of r ecuperators for preheating t lie 
secondary air by h eat exch ange from the wast e 
gases . 

The period 1900- 10 saw the su ccessful 
development of the Glover -W est and the 
Woodall-Duckham systems of continuous 
vertical r etorts. High gas output per unit of 
space anq improved amenities owing to elimina­
t ion of hot coke discharge and low fuel con­
sumption have made continuous v ertical retorts 
so popular that they are now responsible for 
about one-half of the gas output of the industry. 
The author shows a drawing of a modern 
installation of continuous vertical retorts with 
step-grate producers arranged at the end of 
the ben ch so that both sides of the setting 
can receive a direct supply of fuel gas. 

At present the fuel consumption of continuous 
vertical retorts is only about one-sixth of the 
coke produced. This also yields about 1050 lb 
of waste heat steam per ton of fuel, which is 
sufficient to supply all the process and power 
requirements of the works. A t on of Durham 
coal yields 74 therms of gas, 20 therms of tar~ 
and 165 therms of saleable coke, the t otal pro­
ducts for sale having 86 per cent of the thermal 
value of the coal. 

The author points out that the gas industry 
differs from any other public utility as it has to 
market several different but interdependent 
fuels and chemical materials, and the manu­
facturing cost of its main product-gas- is 
markedly influenced by the revenue received 
from the other residuals of the carbonisation 
process. , A rather delicate balance, therefore, 
exist s in relating m arkets and prices to secure 
commercial s tability, and the gross revenue 
account in the gas industry is more dependent 
upon fluctuations in b oth national and inter­
national prices than any of its sister services. 

From the economic aspect the gas industry 
has a promising future, for even in the light of 
present knowledge it is able to convert thermal 
energy for cooking purposes at an overall 
capital cost of considerably less than half 
that r equired by any other syst em of distributed 
en ergy, and this advantage is likely to b e 
m aintained for a long time to come. 

'rHE BRITISH TELEVISI ON ~ERVICE 

B y Sir NOEL ASHBRIDCE; M.I.C.E. 
It was early r ecognised that it would b e 

necessary to dissect an image before trans­
mission, then t ransmit the component p ar ts 
separately and finally re-assemble them at the 
r eceiving end. Notable early experiments 
were m ade by Ayrton and P erry, wh o sou ght 
t o solve the t echnical problems by construct ing 
m osaics of a la rge number of small selenium 
cells . In 1906 an arr angem en t of this charaqter 
was paten ted in Fran oe by RingnotL"< and 
F otrrnier, and a m odel using !:>ixty-four selenium 
cells was successfully used t o Lransmit simple 
patterns and letters. In 1908, Campbell 
Swinton, in a famous letter t o Nature, out lined 
a proposed m ethod of television strikingly 
similar to that n ow in use. Notable among 
the workers on m echanical m ethods of trans­
mission was J ohn Logie Baird, who by early 
1926 gave public dem onstrations of t elevision 
over a closed circuit. 

• 
In the early 1930s t he B.B.C. ordered equip -

m ent from both Baird T elevision, Lt d ., an d 
from th e Marconi-E .M.I. Television Company , 
Ltd., and alternative transmissions of t hese 
systems took place for two h ours a day over a 
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p eriod of t1u·ee m onths m1t il t h e b eginning of 
1937, when the Marconi-E.M.l. syst em was 
adopted for the regular public service on 405 
lines. A number of important factors influen ced 
the adoption of the electronic syst em, partly 
b ecause the electronic camera seemed to offer· 
the grea test scope for future development. 

The selection of sites for t elevision sta tions 
has demanded even more care than the selection 
of sound transmit t er sites. The maximum 
number of s tations that can be accommodated 
is limited so that each must b e very carefully 
placed ; propagation problems are much m ore 
serious and affect the overall coverage t o a 
greater extent. Top ography enters into the 
consideration in a much m or e decisive way . 

From time t o t ime prop osals are made that 
stereoscopic t ransmission sh ould be considered, 
but the object ions t o this are very serious . 
It would increase the ch annel space r equired 
for transmission,. would considerably increase 
the cost of a receiver , and, owing to the extra 
complexity of production in t he studio, would 
certa inly affect t he cost of transmission . All 
the r easons which have militat ed aga inst the 
adoption of s ter eoscopic cinematography 
operate even m ore strongly against the 
possibility of stereoscopic t elevision t rans­
mission. Colour transmission offers the m ost 
a ttractive large-scale development in television 
for the future. It is now p ossible to transmit 
a satisfying picture of adequate detail in colour 
within the same spectrum space as a picture 
of apparent ly similar detail in m onochrom e. 

(T o be continued) 
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Floodlighting Fire Tender 
A MOBILE floodlighting fire service tender has 

recently been despatched overseas by Merry­
weather and Sons, Ltd. 

The t ender is of m odern limousine design. 
In addition t o the driving compartment with 
accommodation for driver and officer, there is 
also ample accommodation for a crew of six 
in the well-lighted rear compartment, which is 
fitted with cushioned seat ing. 

The vehicle carries four 1000W floodlights, 
each with focusing control. Two lamps with 
their detachable light steel tripods are in each 
compartment and the accompanying cable 
drums are conveniently placed. E ach drum 
carries 300ft of rubber cab-tyre cable allowing 
the lamps to be p ositioned advantageously. 

The genera ting plant is situated imme­
diately t o the rear of the driving compartment, 
and comprises a 9kVA alternator (together with 
its exciter and an automat ic voltage regulator ) 
driven from the m ain engine through a power 
take-off mounted on top of the main gearbox. 
The supply of 230V a .c. is fed to an electrical 
switchboard and control panel . comprising 
ammeter, voltmeter, switches and fuses. For 
m a intenance, the alternator and control panel 
can b e reached from the rear compar tm ent. 
Alternatively, t en 300W floodlights can be 
plugged in if necessary in place of t he four 
lamps prov ided. 

The Merryweather -A.E.C. chassis has a 
six-cylinder petrol engine developing 175 h.p. 
The carburetter h as " hot spot " induction, 
and dual ignit ion is provided. The power 
t ransm ission unit is fitted wit.h a single-plat e 
clutch, four forward gears and one reverse. 

H IS'l'ORY OF THE SCIENCE :M:USEUM.- On t.}le 
occasion of the opening of a special exhibition 
depicting the past and futm·e of the Scionce Mu sown 
at South Kensington, an illustrated booklet ontit.le<.l 
" A Shor t History of the Science :M:usoum," has 
been published by H .M. Stationery Office (price 1s.) . 
The history, which has been prepared by Mr. F . 
Greenaway, :M:.A., shows how the establishment 
of the Museum was a sequel to t he Great Exhibition 
of 1851, and records, very concisely, its develop­
ment to the present day. The booklet does not 
a t tempt, of course, to give full details of the many 
collections now housed in the Museum, but it never­
theless presents, very effectively, a general idea of 
what has been achieved by the Museum since 1853 
when the Treasury approved " the setting up of a 
Department of Science and Art as a section of the 
Board of Trade." 

• 
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Turbine Steamship H Patricia " 
.By 0. W . TH,JP'P, O.B .l£. , ~.,.U.G.I. , M.J . U. J ~~ . 

PAR'TIGULA!{, lntcreHt attachek! to the 
anival in L ondon of t he new steamship 

" Patricia," intended to O})Orate on the 
re!,Tltlar pa~scngcr and cargo service between 
Gothenburg and London , which , for many 
years, has been maintained by the Svensk a­
Lloyd Steamship Company ; indeed, there 
have been regular sailings for t hree-quarters 
of a century. A reversal in policy seemed 
forecast by the building of the large motor 
vessel "Saga," which was launched in 1940, 
but not put into commission until 1946. 
f:)hc was t he largest ship t o be employed, 
having a tonnage of 6458 gr oss, and being 
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their predecessors, and noticca.bly smooth 
running, ono of the characteristics of t he 
geared turbine steamers. They have the 
following princjpal dimensions :- L ength, 
373 · 5ft ; breadth, 50 ·1ft ; depth , 28 ·6ft ; 
tonnage, 4216 gross. The single screw is 
driven through single-reduction gear P arsons 
turbines, and st eam is supplied at 220 lb 
per square inch pressure from four single­
ended boilers, with grate area of 258 square 
feet , and heat ing surface of 11,788 square 
feet. The hull was strengthened specially 
for navigation in ice. 

In the still larger 1 'wedish -built "Saga," 
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THE 1883 ''THORS TEN " 

exceptionally well equipped ; accordingly, 
when it was announced that another ship 
was to be built and that she would be a 
st eamer , the advocates of st eam were 
jubilant. A comparison between the two 
vessels' performances will be very useful. 

As an indication of the development in 
the ships that h ave been engaged on this 
route, it might be remarked•that when the 
" Thorsten " was put into service in 
1883, she was hailed as a fine v essel, th ough 
she would be considered modest by present­
day standards. H er leading dimensions 
were : length , 262 ·2ft ; breadth, 33 ·3ft ; 
depth , 16 ·2ft ; tonnage, 1634 gross. She 
was driven by compound engines with 
cylinders 30in and 62in d iameter, with a 
stroke of 4lin, and her speed was 13 knotR. 
Steam was supplied at 180 lb per square 
inch by three sjngle-ended boilers, with a 
grate area of 144 square feet , and a heating 
surface of 4620 square feet. Like most 
vessels of her day, ~:~he was propeUod by a 
single screw. 

to which allusion has ah·eady boon made, 
the adoption of oil engine drive was 11 radical 
departure. t>he is driven by four oil engines, 
which are four stroke-cycle, single-acting 
units, with thirty-two cylinders having a 
d iameter of 19f~in and a stroke of 27 fir in, 
provided with electro-magnetic slip coupling 
and single-reduction gearing. She h as a 
length of 413 ·9ft, a breadth of 55· 2ft, and a 
dept h of 29 ·6ft. 

In the " Patricia," the th ird of the name, 
we have a notable craft , the largest to ho 
employed on the service as the following 
dimensions show :-L ength overall, 454 ·3ft; 
length between per -
pendiculars, 415 ·6ft ; 
breadth, 158ft ; depth, 
moulded to ' ' B '' 
deck , 31 · 75ft ; ton-
nage 7710 gross. She 
has accommodation 
for 408 passengers, 
thirty-two more th an 
has the " Saga." She 
is fi tt ed with modern 
navigation devices, 
including echo-sound­
or, wireless direction 
finder, gyro compass, 
radar and Dccca 
navigator plant. 
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Htnoking room, library, priyatc suites, and 
<·~thins de luxe, while fur ther astern come tho 
Hecond-class lounge, smoking room and bar , 
and, finally, a third-class smoking room and 
bar. The forward part of the " B " deck 
is devoted to further accommodation for 
t he crew, and amidships first -class cabins. 
Towards the st ern there is a spacious first­
class dining saloon, with a small private 
<lining room adjoining it. The " C " deck 
is principally devoted to first and second­
class cabins, but there are also quarters for 
t he engineers, and an officers' mess. On the 
'' D '' deck towards t he stern are tho third­
class cabins, and forward accommodation 
for t he sixty-four " dormitory" or " group " 
class passengers. As the name implies, 
these passengers sleep in dormitories of 
six or eight berths, the occupants being 
allowed to use t he third-class deck. Through-

' , 
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THE FIRST "PATRJCIA '' 

out the vessel the happy blend of Swedish 
a.nd Brit ish taste is noticeable, the decora­
tion of some of the rooms being to Swedish 
design, while others have been designed and 
furnished by a London firm. 

The life-saving appliances consist of six 
F leming hand-propelled lifeboats, and two 
motor lifeboats, all of which are in gravity 
dav its, with electric boat winches. There 
are also seven " 1 'jmplex" buoyant appliances 
each capable of carrying twenty persons. 
An automatic sprinkler and fire alarm 
system is installed in all the accommodation, 
public rooms and storerooms, whi1e there 
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Some t en years or so later the first steamer 
to be driven by triple-expansion engines 
appeared, while a decade later an interesting 
ship was built at Triesto, and, after being 
used on various routes, was taken over by 
the Bwedish -Lloyd Line a.nd renamed 
" P atricia." She h ad the following 
d imenr; ions :- L ength , 344ft ; brca.tl.th , 43ft ; 
depth , 24 ·3ft ; tonnage, :3285 gross. 1 'ho 
was a t win-screw vessel with two sets of 
engines with cylinders 22-,iin , 38in, and 62in 
diameter, with a stroke of :36in. Steam was 
f.mpplietl. at 180 ]b per ~:~quare inch pressure 
by five single-ended boilers. 

A bovo the bo<.tt dct·k 
is a spaciou:; wheel 
house and chart room , 
under which thoro is a 

TURBINE STEAM E R " BRITANNIA •• 

I n 1929 a radical change took place when 
turbine propulsion was adopted and two 
sister ships, "Britannia" and "Suecia," 
were built for tho company by Swan, 
Hunter and W igham Richardson, Ltd., of 
Newcastle-upon-Tync'. They were larger than 

p leasant first -class louuge, which , on account 
of its elevation, gives passengers an unim­
pcded view ahead. Behind t his lounge is 
an officers' radio and recreation room, tho 
remainder of the boaL deck being open and 
a ffording space for deck gamos. In the bows 
of the " A" dock arc quarters for the crow, 
amidships there is a spacious and well-fitted 
first-class lounge with bn.r, also a first-class 

arc uo2 fire-extinguishing councciions to tho 
cargo holds, machinery space, &c., and a 
~;moko-dotcction installation has been fitted 
t o the cargo holds, cargo ' twcen decks, and 
refrigerated cargo space. 

The vessel is propelled by ono set of 
P arsons turbines, installed by the builders, 
1 ~wan , Hunter and Wigham Richardson , 
Ltd., of Newcastle upon Tyno. Incidentally, 
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this company built the former turbine 
steamers of this line, and, before that, built 
steamers with reciprocating engines. The 
turbines comprise h .p., i.p. and l.p. stages, 
connected to the one propeller shaft through 
single-reduction gearing. This set is one of 
the largest yet built for a ship of this kind. 
The main condenser is a Weir regenerative 
unlt, and is secured direct to the underside 
of the l.p. turbine casing. Steam is provided 
by two Babcock and Wilcox integral furnace 
water-tube boilers arranged to burn oil fuel 
with preheated, forced-draught air, at a 
working pressure of 450 lb per square inch 
at a. temperature of 750 deg. Fah. For pro­
viding low-pressure saturated steam for the 
various ship's services, there are two Cochran 

a·e, ' , 
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suggest that there was ample justification 
for the building of " Patricia," a ship which 
h appily has steered clear of any eccentricities 
in general outline and appearance. 

" Patricia " was launched in November, 
1950, did her trials on April 29, 1951, and 
made her first voyage from London to 
Gothenburg on May 28th. 

The British Plastics Exhibition 
and Convention 

1"HE British Plastics Exhibition, which is 
being held at Olympia, London was 
opened on June 6th by Sir Hartley Shawcross, 
and will close t o-morrow, June 16th. It is the 
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vertical auxiliary boilers arranged for burning 
oil fuel with natural draught. 

The auxiliary machinery, apart from the 
main feed pumps and the pumps for the 
auxiliary boilers, is electrically driven. There 
are two turbo-generators for providing 
electric power when at sea. In port, when 
the boilers are shut down, two diesel-driven 
gen erators are used. 

Mechanical ventilation and heating are 
provided for all the accommodation, and 
there is special exhaust ventilation to 
lavatories, bathrooms, galleys, &c. Thermo­
static control is incorporated in the ventila­
tion system for all the public rooms ; the 
first and second-class cabins are served by 
the " Thermoreg " system, which permits 
individual air temperature control by the 
p assenger. Hot and cold fresh water and 
hot and cold sea water are arranged for all 
passenger accommodation, and t here is a 
vapour bath in the first- class. 

Cargo is carried in three holds, and three 
'tween decks, No. 2 hold and 'tween decks 
being arranged for the conveyance of motor­
cars; one 'tween deck is insulated for 
refrigerated cargo. The large hatches are 
fitted with steel covers, and are served by 
3, 5 and 10-ton derricks with electric winches. 
The deadweight is about 2430 tons on a 
mean draught of 19ft, and the ship has a 
cargo capacity of about 105,300 bale cubic 
feet, which includes 5310 cubic feet net of 
refrigerated cargo space. 

On a tour of the ship the impression gained 
was of spaciousness and comfort, so much so 
t hat one was inclined to question the need 
for so large a vessel. It should be recalled , 
however, that the highest pre-war number of 
passengers carried . in 1938 was· 28,515 ; 
in the first post-war year of 1946 a total of 
25,795 was reached, and since then the 
number has risen without a break, year by 
year, until in 1950 no less than 59,517 
passengers were carried. These figures 

first exhibition arranged to represent the entire 
British plastics industry, and its main object 
has been to promote a fuller appreciation of the 
many forms of plastic materials, their different 
properties and diverse applications. The Con­
vention has been running concurrently with the 
Exhibition and is likewise organised jointly by 
the British Plastics Federation and British 
Plastics. There have been :fifteen sessions, 
during which thirty-six papers were presented. 
The scope of these papers was such as to 
cover progress in the materials themselves 
developments of plant and fabrication tech­
niques, and applications of plastics in the 
chemical and textile industries, in building, 
architecture, transport packaging, medicine, 
and surgery. The inaugural lecture entitled, 
" The Place of Plastics in Industry," was 
given by Sir Ben Lockspeiser, F.R.S. 

The exhibits from ninety-seven firms cover 
the wide field of materials, manufacturing plant 
and equipment, and manufactured articles. 
Some eight firms are demonstrating injection 
and compression moulding machines ranging 
in capacity from 4 oz to 32 oz shots, extruders, 
calendars and radio frequency heaters, and 
several items are being shown for the first time. 
The largest multi-screw extrusion plant in this 
country is being demonstrated by R. H. 
Windsor, Ltd. It uses the twin-screw prin­
ciple with meshing threads rotating in the 
same direction, and is able to extrude in two 
or more colours or with different resins by 
employing two extruders and combining their 
output in one die. This plant has a capacity of 
200 lb. Also shown by this company for t he 
first time is its 32 oz injection moulding 
machine, which incorporates a retractable 
injection unit. The Projectile and Engi­
neering Company, Ltd., is demonstrating 
several of its " Pecco" injection moulding 
machines, which range from 2 oz to 32 oz 
capacity. Dowding and Doll, Ltd., is show­
ing the new " Lester " machine (made under 
licence), which has an interesting fast double­
toggle locking mechanism and a large central 
die adjustment screw, the locking pressure 
being 250,000 lb and the capacity 4 oz. 

On the stand ofT. H. and J. Daniels, Ltd., 
1~ a three-unit plant consisting of a 125-ton 
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preforming press employing opposed vertical 
rams, a " Radyne " radio frequency heateL' and 
a 150-ton downstroke press.· 

Apart from its l !in diameter and 4~in 
dia.meter screw extruders and other equip­
ment, Francis Shaw and Co., Ltd., is show­
ing its new four-bowl prototype calendar, 
each 16in by Sin bowl being driven by an indi­
vidual variable-speed motor. A zero clearance 
arrangement is :fitted to the top roll to maintain 
correct nip-setting under all load conditions. 
Each roll adjusting screw is driven by its own 
motor. 

The low thermal conductivity of phenolic 
and crenol moulding powders has led to the 
increased use of dielectric preheating equip­
ment, and radio frequency heaters with outputs 
ranging from 500W to 3k W and capacities up 
to 2lb per minute are d isplayed by The 
Genera] E lectric Co., Ltd., and Radio Heaters, 
Ltd. 

The electroforming of moulds, mould cavities 
and dies is demonstrated on the stand of 
London and Scandinavian Metallurgical Com­
pany, Ltd. In this process the cavity is formed 
from a positive master made in such materials 
as Catalin or Perspex, and made conductive by 
a chemically deposited micro-silver plating. 
A nickel-cobalt alloy, 48 Rockwell C hardnesf) , 
is then deposited on the master to a thiclmess 
of about lin. The shell is finally backed electro­
lytically by another alloy similar in hardness 
to mild steel and the back of the shell 
precision ground. The master is then removed 
from the cavity, which is fitted into a steel 
bolster. 

High-vacuum equipment suitable for various 
processes is .shown on the - stand of W. 
Edwards and Co., Ltd. A particularly interest­
ing application is its use in the relatively new 
process of depositing thin metals, their salts 
and oxides, on bases, particularly of plastic 
materials. The process consists of volatilising 
the material in a chamber evacuated to lQ-4-

l 0-5mm Hg., the vapour subsequently con­
densing upon the surface to be coated. 

An extensive range of moulded articles in 
thermo-plastic and thermo-setting materials is 
exhibited by thirty different manufacturers. 
The particular use of laminated and impreg­
nated plastics for gear wheels and heavy 
beari~gs and other general engineering applica­
tions is illustrated on t he stands of Tufnol, 
Ltd., and Ferodo, Ltd., amongst other :firms 
who are associated with laminated plastics. 

• 

B.E.A. Power Station Thermal 
Efficiencies 

TH!!: British Electricity Authority haH pub­
lished a statement showing the twenty steam 
power stations under itc; control tha.t had the 
highest overall thermal efficiencies for the 
calendar year 1950. Arranged in desuending 
order of thermal efficiency, the stations are as 
follows:-

Overall 
thermal 

Station efficiency, 

Battereea. " B," London • • • • • • • •• • •• ••• 

per cent 
29·31 

Littlebrook " B," Dartford, KenL . . . . .. ••• 27·99 
Cliff Quay, Ipswich ... . . . ... . .. . . . ... 27·25 
Ba.ttersea •' A " and " B " combined • • • ••• 26 · 73 
Stuart Street (h.p.), Manchester . . . ... 26· 67 
Fulham, London... . .. . . . . .. . .. • •• ... 26·51 
Lynfi, South W alos . . . . . . . . . . .. • • • ••• 26·49 
Hams Hall " B , " near Bi t·ming ham ... 26·36 
KearsJey (h-.p.). Lanes . . . . . . . .. • •• ••• 26·23 
Meaford, nea.r Stone, SLaiTs ••• • •• . . . . .. 26·02 
Dunston "B,'' Newcastle upon Tyno . . . ... 25·83 
B a.rki ng " l3 ,'' London . . . . . . . .. . . ' ••• 26· 76 
Be.ttersea ·• A," London • • • . . . . .. . .. ... 25·74 
Brimsdown "B " (h .p.), near Enfield ••• 25·71 
Earley, Reading... ... ... ... . .. . . . ••• 25·64 
Brimsdown " A,'' near Enfield... . .. ... • •• 25·34 
Litt le Barford, near St. Neots, Hunts • •• 25·29 
Mexborou~, Yorkshire .. . • • • • •• • • • ••• 25· 17 
i<irkstall ( .p.), Yorkshire • • • . .. ••• 25· 11 
Rotherham, Yorkshire • • • • • • • •• ... 24·87 
Ferrybridge (h.p.), Yorkshire • • • . .. ... 24·82 

The list excludes the Staythorpe power 
station which was not commissioned tmtil 
March, 1960. This station's thermal efficiency 
for nine months of 1950 was 25 ·15 per cent. 
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lnstrun1en tation 
Fuel 

Study of Engine 
Requirements 
for the 

The Modified Borderline test gives data which 
show the spark advance at any engine speed at 
which a reference fuel of known octane number 
gives only trace knock. 2 When a series of such 
curves is drawn and the ignition curve for 
maximum power plotted over them jt is 
possible to determine the octane requirement 
of a car at all speeds. By extending the test 
to include marketed grades of petrol the road 
octane numbers of these can be measured, and 
the severity of the engine estimated in com­
parison with other possible designs which may 
use the fuel to better or worse advantage. 

THE SUNBURY ROAD TEST PANEL 
By H. J. EA'IWELL, M.B.E., A.M.I.Mech.E., and H. J. HULF, Grad.I.E.E. 

THE octane r equirement of motor vehicles is 
a matter of importance to both the motor and 

the petroletun industries. I t is important to 
the former because it sets a lim it on the use 
which can be made of high compression ratios 
to an extent depending on details of design, and 
to the latter because it imposes a standard of 
fuel quality below which engine performance will 
suffer. 

Until the beginning of the war in 1939 there 
was a steady increase of compression r atio in 
spark ignition engines, which was made possible 

() -I • • 
• ----·· ' 

have very dissimilar fuel anti-knock require­
ments. 

The design of even the most advanced engines 
may be expected t o improve steadily and, as it 
does, suitable fuels must be made available. 
The ideal is a co-ordinated development of both 
the engine and the fuel to avoid waste of octane 
numbers on the one hand and unsatisfactory 
performance on the other. 

The problem of selecting fuels to suit engines, 
and the converse of determining how far an 
engine can be modified to make full use of a 

(a) 

(b) 

(c) 

(m) 

These t est procedures need accurate means 
for indicating the spark advance of the engine 
whilst the car is on the road. The Borderline 
Test also requires an accurate engine speed 
indicator, and the results from both methods 
are of greater value if certain engine operating 
temperatures are measured, such as those of 
the water jacket, the inlet manifold hot spot, 
and the lubricating oil in the sump. 

( e) 

"0, 

(f) 

I 

I 
(g) ,,,,, .. , 

I 

(h) 
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(j) 

(d) 
(k)' 
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FIG. 1-ROAD TEST PANEL IN POSITION Maximum Curren t ~' 
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Constant 
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(a) Output wave form of electromagnetic pick·up. 
(b) Voltage waveform at anode of valve Vl (see Fig. 4). 
(c) Voltage waveform at anode of v alve V2. 
(d) Voltage waveform at grid of valve V3. 
(e) Waveform of spark impulse. 
(f) Waveform from ringing circuit showing individual 

high.frequency pulses. 
(!7) Detected waveform showing individual d.c. pulses. 
(h) Voltage waveform at anode of valve V5. 
(j) Voltage waveform at anode of valve V6. 
(k) Voltage waveform at grid of valve V4. 
(l) Valve V4 anode current waveform. 
(m) Vol tage waveform at cathode of valvo V6. 
(n) Valve V7 anode current waveform. 

FIG. 2-ELEC TROMAGNETIC PICK· U ? INS TALLATION F IG. 3 - VOLTAGE W AVEFO R M S THROUG HOUT INS T R U MENT 

by a corresponding increase in the anti-lmock 
quality of the fuel available ; since 1945 there 
has been a cont inuation of the upward trend 
in the U.S. and t he successful operation of an 
experimental engine of 12 · 5 : 1 compression 
ratio in 1947 indicates an attainable level. 

The re~ery expansion schemes in hand in 
the sterling area will eventually lead to the 
distribution of h igher octane fuels in Europe 
generally, although there is an economic limit 
to an indefinite r ise. It is therefore essential 
that full attention should be given to new 
engine designs t o ensure t hat they can ma,ke the 
best use of their fuel in terms of both power 
output and economy . 

Power output of an engine on the r oad is 
often limited by the onset of knock, and engines 
of similar efficiency but different design still 

better fuel than it now requires, can be solved 
by the use of one of a number of road test 
methods. Two of the more widely used are the 
Modified Uniontown t est and the Modified 
Borderline test. 

The Modified Uniontown test is made by 
running the engine at each of a series of igrution 
settings until one is found on which the knock 
never rises above trace intensity at any speed 
during a full throttle acceleration.t 

Using this method, it is possible to determine 
the octane requirements of the car in terms of 
standard reference fuels and to check whether 
any production type of fuel meets road require­
ments. The method may also be used to 
determine the road ratings of fuels and any 
change of requirements due to alterations in 
design. 

Various instruments and combinations of 
instruments have been tried in the U.S.A. For 
spark advance measurement a stroboscopic 
flashea, illuminating graduations on the flywheel 
or electronic spark advance indicators are 
widely used. s A self-contained electronic 
instrument panel has been designed and built 
at the research station of the Anglo-Iranian Oil 
Company, Ltd., at Sunbury-on-Thames for 
road tests of the type outlined. It provides for 
continuous observation of both spark advance 
and engine revolutions per minute on 4in 
dial Cirscale meters and for the indication of 
engine operating temperatures at four selected 
points. In addition, manifold depression can 
be observed on a 2in dial gauge- a useful 
accessory for the study of part throttle knock. 

The panel is illustrated in Fig. 1, and its size, 

.. 
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18~n by 9lin by 4in, allows it to be used in any 
pr1va.te car. 

The following t·equirements were specified 
before development, and all have been met in 
the finished design :-

(a) It must be possible to fit the panel and 
associated equipment to a car with the minimum 
of adaptation, and there must be no inter­
ference with the normal operation of the engine. 

(b) Temperature indication must be possible 
with thermo-couple compensating leads of any 
length, and it must not be necessary to balance 
the thermo-couple circuits to a given resistance 
value. 

(c) A high standard of accuracy must be 
obtainable. A detailed description of the 
instrument follows. 

SPARK ADVANCE METER 

This instrument indicates the average spark 
advance of the engine cylinders in crank angle 
degrees by measuring the interval between 
signals from fixed reference points in the engine 
cycle and the occurrence of each spark. 

The reference signals are produced by 
pointers of magnetic material which are fixed 
to a convenient rotating part of the engine. 
An electromagnetic pick-up is mounted in a fixed 
position close to the path of the pointers so that 
as each passes it an electrical pulse is generated ; 
for reasons which will be referred to later, the 
system is so arranged that a pulse is generated 
70 deg. before the top dead centre for each 
cylinder. A typicalinstallation isshown in Fig. 2. 

The wave form of t he pulse produced is 
shown in Fig. 4. This a lters both in amplitude 
and width with engine speed variations; but 
the point marked 0 r emains constant in 
position in terms of crank angle, and accord­
ingly the wave form has been applied to the 
electronic circuits 'so that they can operate at 
this point. 

The pulse is applied to the grid of valve V l 
(Fig. 4) with the positive half of the wave form 
leading. Valve Vl amplifies and inverts the 
phase of the signal, producing the wave form 
shown in F ig. 3(b} at its anode; because valve V l 
has zero grid bias the negative half of the anode 
pulse is limited by anode current saturation. 
The wave form in Fig. 3(b) is passed t.o the control 
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coupling the signal into the instrument input. 
The spark pick-up takes the form of a wire 
wound on a Tufnol-former which slides over tho 
ignition cable, the wire coil forming one elec· 
trode of the coupling condenser and the core of 
the ignition cable acting as the other . 

Each cycle of the r elatively lightly damped 
spark pulse (Fig. 3(e)) causes a heavily damped 
high-frequency tuned circuit, consisting of the 
inductance L l (Fig. 4) and the input lead 
capacitance, to oscillate, giving a series of highly 
damped pulses whose consecutive peak ampli­
tudes are greatly attenuated (Fig. 3(j)). ThiA 
series of pulses is passed through a half.wave 
rectifier and a three-stage screened high­
frequency filter, made up of a germanium 
crystal diode Gl, capacitors 011, 12 and 13, 
and resistors R26, 27, 28 and 29. The wave 
form available for applying to the grid of valve 
V 5 is then in the form of a series of det.ected d.c. 
pulses (Fig. 3(g)). 

In order to ensure that no radio frequency 
signals en ter the main instrument panel, where 
they may cau..,e spurious operation, the rectifier 
and filter are housed outside the instrument 
panel in a screened box which is always fixed 
to the car bulkhead under the bonnet. Valve 
V5 acts as a detector and amplifier producing 
from the series of d.c. pulses the wave form . 
shown in Fig. 3(h) at its anode. This wave form 
is then applied to the grid of a gas tetrode 
valve V6; the initial portion of the positive 
signal causes this valve to conduct, discharging 
0 16, the condenser connected between the 
anode and earth, which then, in turn, recharges 
to h.t. voltage producing the wave form shown 
in ~ig. 3(j) at the anode of V6. After differentia· 
tion (Fig. 3(k)) through coupling components 09 
and Rl5, this wave form is applied to trigger the 
other side of the electronic switch . 

Two stable states of equilibrium may be 
taken up by the type of electronic switch used. 
On the arrival of the trigger pulse originating 
from the reference channel the anode of V 4 
as~lUmes its lower stable voltage value and the 
arrival of the spark channel trigger pulse 
causes it to regain' its upper stable value. At 
the upper stable voltage value the small 
standing current shown in Fig. 3(l) passes 
through the indicating meter in the anode 
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FIG. 4-ROAD TEST PANEL CIRCUIT DIAGRAM 

grid of a gas tetrode valve V2. The initial 
p0sitive portion of the pulse causes V2 to 
conduct, discharging 04, the condenser con· 
nected between the valve anode and earth. 
When the anode voltage reaches the extinguish­
ing value for the valve, which then ceases to 
conduct, the condenser recharges to high­
tension voltage, producing the v?ltage wave 
form shown in Fig. 3( c) at the anode of V2. 
This wave form is then differentiated (Fig. 3(d}) 
by components 05 and R9 and applied t o 
trigger one side of an Eccles-.J ordan electronic 
switch consisting of valves V3 and V4. 

A pulse is obtained for operating the instru­
ment each time a spark occurs by capacitance 

circuit of V 4. The cyclical repetition of refer ­
ence and spark pulses when the engine is 
running causes a train of rectangular current 
pulses (Fig. 3( l)) to pass through the meter, 
whose mark-space ratio is directly proportional 
to the angular relation between the spark 
occurrence and the reference pick-up position. 
The meter movement and pointer take up a 
position equivalent to the mean value of the 
current pulse train which is directly propor· 
tional to the mark-space ratio. 

CALIBRATION AND RANGE SwiTOHl NG 

When the spark advance is at the same 
number of degrees before top deA.d centre a.q 
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the occurrence of the reference pulse no current 
pulse is generated (i.e., a= O, Fig. 3(l)); at this 
condition, therefore, the mean current through 
the meter equals the standing current value. 
This value of standing current is thus equivalent 
to the number of degrees before T.D.C. at 
which the point 0 on the reference pulse 
occurs. This angle, as previously mentioned, 
had been made 70 deg. 

The indicating meter is calibrated from 
70 deg. of crank angle advance to 10 deg. of 
crank angle retard, which covers the range 
required for experimental purposes. 

'rhe peak value of t ho rectangular current 
pulses that occur at the anode of V4 equal iu 

FIG. 5- ENGINE R . P .M. IND ICATOR 

value the mean current that would pass for a 
mark·spaceratioof one, i.e., referring to Fig. 3(l), 
when afb= 1. This means that on any engine 
the value of peak current is proportional to the 
number of crank angle degrees between con· 
secutive firing cylinders. Therefore it is 
possible to calibrate the meter by making 
valve V4 continuously conduct its peak anode 
circuit current and adjusting the curren t 
through the indicating met er by means of tt 

shunt to give full-scale deflection for any given 
number of crank angle degrees. 

This condition is brought about by means of 
switches SIA and S IB, which disconnect the 
spark channel from the electronic switch and 
place an appropriate shunt across the meter. 
With the engine running, the first trigger pulse 
received from the reference channel causes t he 
voltage at valve V 4 anode to assume its lower 
value of equilibrium, i.e., V 4 passes peak 
circuit current in which state it r emains, due 
to the cutting off of the spark channel trigger 
pulses. 

The mean currents passed by V 4 above the 
normal standing current for a given J;l,nmber of 
degrees of spa.rk advance on a fou.r, six or 
eight·cylinder engine respectively are in the 
ratio 2 : 3 : 4. In order, therefore, that the 
scale of the indicating meter shall be coqect, 
regardless of the number of cylinders in the 
engine under test, the meter must be shunted 
by resistors of appropriate values. The shunts 
for the four, -six and eight.cylinder engines are 
selected by switches S5B, S 4B and S3B 
respectively, which are in the form of press 
buttons on the instrument front panel. 

• 

TACHOMETER 

At the same time as valve V2 develops at its 
anode the pulse shown in Fig. 13(c}, a positive 
pulse of very short duration is produced at i t,s 
cathode by the discharge current from 0 4 
through the cathode resistance ... RS. This 
pulse is used for triggering a single-shot multi· 
vibrator circuit consisting of valves V7 and VS. 

The single·shot multi -vibrator is in the form 
of an electr onic swit ch, which generates a 
liquare wave form current pulse of constant 
width at the anode of V7 each time the grid of 
V7 receives a positive pulse. The width of the 
square pulse is constant and mainly dependent, 
on the t ime constant of the circuit oompriRing 
the coupling condenser between the anode of 

• 
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V7 and the grid of VS and the grid resistor of 
vs. 

The continued rep etition of spark pulses 
cause a train of rectangular current pulses 
(Fig. 3n), whose mark-space ratio is directly 
proportional to engine speed, to pass through 
the indicating m eter in the anode of V7. The 
meter movement is proportional to the mean 
current, and is therefore proportional to engine 
speed. 

The instrument is calibrated by earthing the 
grid of valve VS through switch S2B, which 
causes V7 to conduct continuously the peak 
value of current of the square wave forms, at 
the same time shunting the meter by m eans of 
resistor R44, which is switched in through S2A. 
Full-scale deflection of the meter is then 
corrected by adjusting potentiometer R42. 

In order that the meter scale shall g ive 
correct readings when used on four, s ix or 
eight-cylinder engines, the pulse width for each 
range is adjusted to give the same mean current 
for meter full -scale reading when operated at 
t he three frequencies corresponding to 4500 
r .p.m. in each case. The condenser combina­
t ions 022, 022+021 and 020+022 give the 
three ranges, and are switched in by 5A and 
S4A. 

A second meter for indicating engine revolu­
tions can be inserted in series with the panel 
meter by p lugging it into the panel jack J1, 
Fig. 4. This meter is provided to permit the 
driver to observe the engine speed, and it is so 
arranged that it can b e fixed to a car steering 
column, as shown in Fig. 5. 

POWER SUPPLIES 

A 6V d.c. vibrator pack is used to supply the 
two instruments described above ; it has an 
output of 230V d.c., which is arranged to give 
a. stabilised supply of 150V d.c. by the use of a 
glow discharge tube V9. The valve heater 
supply is obtained directly from the 6V supply 
battery. The total current consumption is 5A. 

TEMPERATURE I NDICATING INSTRU1VIENT 

A simplified circuit diagram is given in 
Fig. 6. 

The sum of the E.M.F.s {V1) from the 
thermo-couple and the automatic cold junction 
is applied across res istor Rl. An opposing 
E.M.F. (V2) produced from the power pack is 
also applied across this resistor, and its value is 
adjustable by means of the variable resistance 
R2. When V2 is adjusted to equal Vl, current 
ceases to pass through the thermo-couple 
circuit, and galvanometer G, in series with the 
thermo-couple, is used to indicate this con­
dition. The current through R1 from the 
variable voltage supply is then proportional to 

Power t----;:...J....., 
Pack 

Automatic 
Cold Junction 

Thermocouple 
Junction 

G ~----. \ 

R1 

FIG. &-TEMPERATURE INDICATING CIRCUIT 

the E .M.F. produced by the thermo-couple 
circuit and is, therefore, directly related to the 
temperature. The meter M, calibrated in 
degrees Centigrade, is used to indicate this 
current and thus the temperature. As no 
current flows in the thermo-couple circuit at 
t he point of balance, the resistance of the 
individual thermo-couple circuits (i.e., the 
length of compensating lead) has no effect on 
t he temperature indicated. 

The automatic cold junction E.M.F. is 
derived from a standard type of eureka-copper 
resistance bridge circuit (Fig. 7), in which the 
out -of-balance voltage is made to equal the 
E.M.F. developed by the thermo-couple mate­
rials used with this instrument {chrome! and 
con.~tantan) over the ambient temperature 
range against a cold junction at 0 deg. Cent. 

The spark pick-up, as previously stat~, slides 
over the main ignition cable between the 
ignition coil and the distributor. The lead from 
the pick-up connects to the "detector filter " 
box, which is fixed in any convenient position 
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~nder the bonnet; the output lead to the panel 
1s taken through the car bulkhead together with 
the input lead t o the panel from the reference 
pick-up. 

The equipment can be used for road test 
work r equiring indication of engine ignition 
timing, speed and. operating temperatures with 
a minimum of preparatory work for installation 
-a very important factor in all such experi­
mental work. In addition to the uses already 
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FIG. 7 - AUTOMATIC COLD JUNCTION E.M .F . 
SOURCE 

described, the response of automatic dis­
tributors t o speed and throttle tmder road con­
ditions can be readily measured. 

One of these instrillnent panels has been in 
use for over a year in the study of motor spirit 
road anti-knock quality and has given very 
satisfactory service. Panels built to the design 
described are now available from Solartron 
Laboratory Instruments, Ltd., of Kingston-on­
Thames . 

The authors wish to express their thanks to 
the chairman of t he Anglo-Iranian Oil Com­
pany, Ltd., for permission to publish this article. 
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National Survey of Time Study 
Practice, 1950 

THE first nation-wide survey of time study 
practice carried out by the Work Measurement 
Research Unit of the University of Birmingham 
was completed in November last year. This 
survey was planned and organised in close 
collaboration with the Joint Committee on 
Measurement of Productivity set up by the 
Institution of Production Engineers and the 
Institute of Cost and W orks Accountants. 

Including a preliminary meeting in Birming­
ham, seventeen meetings were held in twelve 
different centres. During each meeting films 
were shown depicting industrial and laboratory 
operations. Each engineer computed his normal 
times for all the operations, and studied and. com­
pared them with provisional values established 
by a control group of time study engineers. 
Opportunity was provided for discussion both 
of procedure and of the quality of individual 
studies. The total attendance was about 750. 

At the meetings engineers were asked to 
record the rating values for both normal per­
formance and standard (or incentive) perform­
ance. The full analysis of the survey, to ascertain 
the quality of time study rating, is being carried 
out. The results and interpretation of the 
calculations will not be available until later this 
year, when it is hoped to publish a further 
report. 

In addition to the analysis of the 1950 survey 
results, the research unit is now engaged on t he 
analysis of a comprehensive series of studies 
taken on the shop floor in the works of a 
number of co-operating firms. This new series 
has been designed to provide addit ional data 
which will be used to estimate the effect of a 
number of the variables occurring in time study 
practice, additional to those which can be 
assessed from the national survey results. A 
considerable number of operators, time study 
engineers {all of whom have already taken part 
in the national survey) and industrial execu­
tives are assisting the Research Unit in this 
new phase of the research project. 
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Multi-Motor Control Boards 
OUR illustration shows a typical example 

of the multi.motor control board which is 
intended for heavy industrial use and has been 
introduced by Brookhirst Switchgear, Ltd., 
Chester. It is known as the type 94S "Uni­
bord," and is built up as a unit embodying 
a number of standard assemblies, all of which 
are of the same width and are fully inter­
changeable. Basically, the control board 
consists of frameworks of bolted angle iron 
construction which accommodate standard 
busbar chambers of cast iron, and contactor 
s tarters housed in standard enclosures. 

As shown in the illustration, the starter 
units are mounted above and below the 
centrally disposed busbar chamber units. 
'hallow connecting trunking is fitted between 

the busbar chambers and the starter cases, 
which are mounted immediately above or below 
t hem. All joints are made with flat rubber­
bonded cork packing. Using the smallest size 

•• UNIBORD " MOTOR CONTROL EQUIPMENT 

of star ter cases, up to six starters can be 
connected to each busbar chamber {three 
above and three below). 

The busbar chambers are in standard unit 
lengths and are fitted with bolted cast iron 
covers. The busbars are of tinned copper, 
air spaced and supported by insulating barriers 
in the ends of each chamber. Up to three bars 
may be used in parallel in each phase, giving 
a maximum rating of 1000A under normal 
ambient temperature conditions. 

There are six sizes of starter cases, the 
width being the same throughout the range. 
The cases are of heavy gauge welded steel 
and the hinged doors are fitted with special 
wing-nut-headed fixing bolts. Normally, the 
door opening is limited to 90 deg. by a door 
stop which is, however, arranged as a quick· 
release catch to allow wide opening of the door 
when required. 

The starter cases are designed to accommo­
date standard Brookhirst direct-on starting 
equipments for motors up to 200 h.p. at 
400/440V. The sta.rters incorporate con­
tactors, thermal or solenoid-operated overload 
releases, high rupturing capacity main fuses 
and isolators, provision being made for local and 
remote two or three.wire control, for sequence 
interlocking and for the entry of all classes of 
paper or rubber-insulated cables. The isolators 
are mechanically interlocked with the case 
doors and electrically interlocked with the 
contactors so that the doors can be opened only 
when the switch is open, and the operation of 
current making and breaking can only be 
effected by t h e contactor. All live line ter­
minals are completely shrouded. Ring-~haped 

• 
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handles aro fitted to the isolators so that, whon 
a starter case is mounted high up, tho handle 
can be polo operated. 
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All ~rame w;tits aro interchangeable, being 
of uruform Width (22·lin botwoen centres) 
to correspond with the dimensions of the bus bar 
chambers ~nd starter oases. To form a larger 
board .adJacent ~rame units are coupled 
mechamcally by s1mple a ll-tlU'ead ties. Main 
incoming and feeder switches and fuses, busbar .­
couplers, and othor distribution equipment can 
he included in "Unibord ,, motor control 
boards. 

prevent the application of high -frequency 
power unless the quenching jots are in opera­
tion. After being used, the quenching oil is 
passed through a heat exchanger, where it is 
cooled by moans of a mains water supply and 
is then recirculated. 

A process timer is fitted to the machine to 
enable the rotor which carries the rocker lever 
to be indexed at precise intervals. Signal 
lights are used to indicate various aspects of 
the operation of the equipment and there is a 
meter to check the performance of the high­
frequency generator. 

Automatic Rocker Pad 
Hardening Machine 

THE photographs reproduced herewith show 
two views of an automatic machine which has 
been built by the General Electric Company, 
Ltd., for hardening engine valve rocker pads 
in the Farington works of Leyland Motors, 
Ltd. Tho machine comprises a 5kW high-

-. ~--
• 

AUTOMATIC ROCKER PAD HARDENING 

MACHINE 

frequency induction heater, together with 
automatic handling equipment fo! the work. 

The rocker levers aro loaded manually on 
to the arms of an eight-position rotor which 
is indexed and carries each lever in turn to the 
heating inductor on the left of our second 
illustration. There the surface to be hardened 
is raised to the r equired temperatttre and is 
thon immediately indexed to positions where 
oi l quenching jets aro directed on to it, after 
which the rocker is automatically ejected into 
a bin. 

Indexing and unloading of the machine is 
performed pneumatically and safety devices 
are fitted to ensw·e the correct spacing of the 
rocker pads from the heating inductor and to 

• 
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Various types of rocker pads are hardened 
on this machine and the work-carrying rotor 
can be changed in a few minutes. The output 
of the machine is stated to be approximately 
ten times that of the previous hardening 
method. Equally interesting is the fact that 
the machine is not r egarded as a special piece 
of equipment, but is installed in a production 
lino where it hardens the pads as the rocker 
lovers are passed along the line. 

Pametrada 
Progress Report for 1950 

THE progress report for the year 1950 of 
Pametrada, records a year of considerable 
activity in the testing and research into steam 
and gas turbines, and we summarise below 
the principal research and development items 
appearing in the report. The technical direc­
tor, Dr. T. W . F. Brown, paid a visit to the 
United States and, besides inspecting turbine 
progress at a number of works, read a paper 
before the American Society of Mechanical 
Engineers. Three other papers were given 
during the year and seven provisional patents 
taken out. The expanding work is reflected in 
the size of the staff which now numbers 1 98, 
and includes a new group of engine testers 
and it is noted that the Research House exten­
sion is completed and that the now workshop 
is in operation. 

The work of the design department con­
tinued to increase and the designs of more than 
two-thirds of the horsepower of geared tur­
bine machinery completed by member firms 
were prepared by the Association. The ships 
concerned included liners, cargo liners, cross­
channel steamers and Jarge tankers. The 
cross·channel steamer "Brighton,, is par­
ticularly noted as the machinery incorporated 
tho Association's design of a single-cylinder 
tHrbine, in which all ahead and astern powor 
is developed within a single casing. The most 
important development in turbine components 
is the method of manufacturing diaphragms 
and blading for impulse turbines by the 
assemblv of separate blades and packers from 
r olled st~ip and brazed together in short groups. 
Tosts have verified the predicted strength and 
stiffness and the diaphragm has been adopted 
for new machinery, for which steam conditions 
are 650 lb per square inch and 850 dog. Fah. 
Scuffing in redt1ction geariJ;lg is. still undor 
inv stigation and increased t1p rehef, although 
it improves conditions, is not regarded as a 

cure. Another interest­

EIG HT POS ITION ROT OR AND H EATING INDUCTOR 

ing investigation, into 
the severity of the one­
node torsional critical 
speed, involved the 
development of a new 
torsiograph, which can 
rocorcl vibrations at 
fotrr separate points 
simultaneously. During 
the year particular at­
tention has boon focused 
upon the theoretical 
development of gear­
boxes capable of driv­
ing ahead or astern, 
in which either of the 
two annulus members 
~Y be stopped by 
hydraulic brakes. Such 
gears, when they reach 
tho stage of installa­
tion, should result in 
considerable: simplifica-
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tion of turbine construction. 
Tho Research department has continued 

with tho trials <>f destroyer machinery and 
the report on tho " Daring I " was completed. 
" Daring II " trials wero completed after 
286 hours of rwming and the " Daring Ill , 
machinery, which is of all·impulso design, 
was erected during the year and trials are in 
progress. A number of research schemes have 
proceeded in association with the " Daring , 
trials. For condenser development heat trans­
fer eoefficionts in condenser tubes have been 
further investigated and it is now possible to 
measure accurately the steam pressure drop. 
A new method, using the "'rhermistor " 
device, measures the water temperature rise 
and in a range up to 120 deg. Fah. has an 
accuracy of plus or minus 1 cleg. Fah. Tem­
perature distribution in turbine casings has 
been undor review and also the relative expan­
sion between rotor and casing, for which 
purpose a spark gap indicator has been de­
signed. 'ome research continues to bo carried 
out to reduce noise levels and this has been 
directed to the silencing of fan flats and to 
noise measurements on auxiliaries. 

Faulty castings have held up high tempera­
ture steam turbine tests and turbine blade 
research has reached the experimental stage. 
Turbine diaphragm deflections and strains 
have neen measured in a rig in which hydraulic 
pressure simulated steam loading and results 
have confirmed those obtained by calculation. 

The 3500 s.h .p. marine gas turbine was put 
under power and a number of adjustmen ts 
made to correct fauJ ts and to effect improve­
ments, gland sleeves were modified, compressor 
surging investigated, distortion trials run and 
corner guide vanes fitted in the air -ducting. 
Late in the year the h.p. line reached the self­
running state at 4300 r.p.m. with a h.p. tur­
bine inlet temperature of 750 deg. Fah. but 
Sltrging continued to take p lace at too huge a 
mas~:~ Oow. Several expedients to correct thi:-; 
have been tried and the present scheme is to 
reduce blade height and thus the flow area. 
Combustion chamber tests have been carried 
out and rosuJts recorded and the effect upon 
wall temperatures of a number of variables 
is to be studied. Centrifuging and tho use of 
solvents have been tried as a solution of the 
ash problem and sprayer development has 
proceeded, including the design of an inter­
changing mechanism and the determination 
of the optimum shape of vortex oh amber . 
More specific information is required for the 
design of compressors and for that purpose 
an experimental axial flow compressor is to 
be installed so that an analysis of flow con­
ditions can be made at any stago in the machine. 

Research concerning transmission questions 
continues actively and a. back-to-back te. t 
is undor way on Maag gearing, which consists 
of two-cylinder, double-reduction locked train 
gears, air hardened and ground, of single 
helical design. The results of back-to-back 
tests to destruction have yielded much useful 
data, which is expected to provide a basis 
for futttro designs. A 4000 h.p. set of hobbed 
gears without helix correction have been run 
to destruction and a similar set of gearing with 
helices corrected for torsion and bending have 
been loaded up to 325 per cent without failure. 

Hydraulic reversing mechanisms havo been 
tested by transmitting power from a steam 
turbine through an ahead fluid coupling to a 
dynamometer and results indicated that slip 
at full load should be Jess than 2 per cent, 
this figure being checked by calculating, from 
flow and temperature rifle measurements, 
the hon.t absorbed by the oil. Following upon 
these tests, the asten1 convertor type "A " 
was installed and initial trials showed thct 
hydraulic losses were too high although meoht1.­
nical performance was satisfactory. The 
causes were investigated and modifications 
effected, which improved the flow but fttrther 
work is in progress. Astern convertor type 
"B , is in course of manufacture. 

Instruments required for the various inves­
tigations continue to be developed and im­
proved. The torsio-axial pick-up for shafting, 
an electronic instrument, can measure the 
froquonoy and amplitude of t orsional vibra­
tions of turbine shafts, secondary shafts or 
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units at selected points. The device was used 
successfully on the " Volsella '' trials and a 
final model is being built. Work on strain 
gauge equipment for use at high temperatures 
has gone forward and a technique evolved for 
welding fine strain gauge wires and also 
devices for hot and cold calibration of the 
gauges . F or the calibration of microphones 
for noise measurement a taper duct has been 
built for those dealing with the lower end of 
the frequency scale and a cabinet for the higher 
ranges. Among the other instruments noted 
in the repor t are tor que meters, aphoto-ela.st.ic 
analyser and a wave analyser. 

Synthetic Resins 
Foundry* 

• tn the 

A SUB-COMl\'ilTTEE was appointed in March, 
1949, to investigate the use and developmen t 
of synthet ic resins for (a) cor e binders, (b) 
moulding sands, and (c) other foundry applica­
tions concerned wit h the production of ferrous 
and non-ferrous castings. The t erms of refer­
ence were interpreted t o exclude impregnat ion . 
From the evidence available to the sub -com­
mittee, it was concluded tha t the r epor t should 
be confined t o the use of synthetic r esins in 
the production of cores, since there appeared 
to be insufficient act ivity in other directions 
to justify their inclusion . 

Information supplied from various sources 
showed that considerable interest had been 
displayed in the use of urea and phenolic 
resins as core binders.· The result of much 
experimental work was revealed and a few­
generally large-foundries repor ted satisfactory 
use on a production scale. Various crit icisms 
were made due to the different characteristics 
of synt het ic resins as compared with oil-bonded 
sand and, in a number of cases, experiments 
had · been dropped in consequence. In cases 
where the right type of resin was used and 
the necessary m odifications in pract ice were 
made, results were claimed t o be equal to those 
given by oil -bonded cores and at lower cost . 

The principal crit icisms were of the st ick y 
nature of the mixed sand and lack of flow­
ability ; nevertheless, by the addition of 
paraffin or other parting compounds, this 
defect could be offset, so much so that r esin­
bonded sands were in satisfact or y use on core­
blowing machines. 

S U MMARY OF FINDINGS 

Both moisture content and milling time ar e 
somewhat critical · in producing the required 
green properties, but, given a suit able mixture 
of resin, cer ea l-and possibly clay-and ade­
quate t echnical control, the resin-bonded sand 
can be made to be practically indist inguishable 
from oil-bonded sand as regards " feel," bench 
life and working pr oper t ies. 

Baked strengt h depends a great deal on 
the moisture content present when baking; 
therefore, if cor es are allowed to surface dry 
before baking, weak , fr iable cores r esult , but 
blacking or spraying of green cores just before 
baking improves the strength and hardness 
of the core surface. H owever, a fairly general 
complaint, from large users, of brit t leness, with 
consequent loss of cores due to chipped edges 
or increased fettling costs, suggests that 
excessive hardness is undesirable, and t he ideal 
resin has yet t o be found. Baking at 150 deg. 
to 175 deg. Cent. for U .F . (urea-formaldehyde) 
and at 200 deg. t o 250 deg. Cent. for P .F . 
(phenol-formaldehyde) is usual, and, as no t ime 
for oxidation is required, normal baking t imes 
can be ha lved. 

Damping back presents no serious problem 
if adequate proportions of resin are used, when 
the baked cores have good moisture resistance 
under normal foundry conditions. Dimen­
sional accuracy is usually satisfactory, a lthough 
the results may depend in some degree on the 
mixture used and the precautions taken 
against sagging, particularly with medium to 
large cores. Rubbing of cores is not recom -

• Summary of a. report submitted for disc~sion at 
t he forty-eighth annual conference of the I nst1tute of 
British ~"'oundrymen, at Newcastle upon Tyne. June 12 
to 15, 1951. 
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m ended, as the exposed sw·face tends to be 
friable. 

P .F.-resin cores have a lower gas content 
than t hose bondod with oil ; U .F. -resin cores 
yield a quantity of gas similar to oil-bonded 
cores, but at a high initial rate which may 
necessitate additional vents. Ease of lmock­
out and fet tling is a characteristic feature of 

-U.F .-resin cores, due t o their complete d is­
integration and t he reduced tendency t o finning; 
P.F.-resin cores in these respects are not notice­
ably different from oil-bonded cores. Casting 
finish obtained when using resin-bonded cores 
is not inferior to tha t obtained when using 
oil-bonded cores under similar pouring 
conditions. 

Synthetic resins are home produced ; t hey 
are also in ample supply ; the cost of mixed 
sand is genera lly about the same as that of 
comparable oil-bonded sand; savings accrue 
due t o reduction in baking costs and, in t.he 
case of U .F . resins, fet t ling costs may be .-reduced. 

During casting, neither U.F . nor P .F . resins 
evolve the irritant fumes associated with oil­
bonded cores, but t he fumes from U .F . r esin 
are disagreeable. The question of harmful 
fumes and the incidence of dermatit is have 
been considered very carefully by the com­
mittee. Whilst it is realised that the risk of 
dermatitis is not negligible, the information 
available indicates that there is no reason to 
restrict the use of synthet ic resins in foundries, 
as in the experience of users the number of 
cases of dermatitis appears t o be no greater 
than with oil-bonded sands. 

CONCLUSION 

807 

m oney has been machine counted for many 
years, mechanical handling of worn-out notes 
has, until now, been a difficult operation . 
Money returned to the Treasury is in t he form 
of packets of l OO notes cu t longitudina lly into 
half-notes. The bulk of t he returned money 
consists of 1 dollar bills, which constitute 
about 80 per cent of all the U .S. currency 
received for redempt ion . The bills are limp, 
wrinkled and diffi.cul t t o handle ; occasionally 
torn notes are taped together . 

The electron ic currency counter is design ed 
to count packets of 100 notes and to reject 
automatically those with more or less than 
100. It is an electro-mechanical device, and 
consists essentia lJy of a trough t o receive the 
packets of money, a mechanism for inserting 
and grasping each packet in a spindle, a friction 
band and air jet t hat separates the notes in 
regular intervals, and a binary counting circuit 
actuated by pulses from a photo-electric 
system . In this method, the cut packet of 
half-notes is clamped in and wrapped around a 
spindle to obtain the necessary separation 
between the ends of the sheets. The free ends 
of the sheets are then released as they r otate 
on the spindle, and a jet of air fans each sheet 
out into the light beam of a photo-electric cell. 
The regular interrupt ion of the photo-electric 
beam by each sheet causes current variations 
in the circuit, which, in turn, are applied t o 
an electronic counter . Experimental use of 

The interest amongst founders in synt.hetic · 
resins for core binding has now reached the 
stage where several foundries can show that 
advantages are r eal. On the other hand, some 
foundries have reject ed synthet ic resins on the 
score of odour andfor production difficulties. 
Methods t hat are accepted for oil-sand must not 
necessarily be carried on with a change-over to 
resin sand, and the new binder m ust be treated 
with respect and methods adapted t o suit its 
characterist ics. 

• the light beam method in counting several 
thousand packets showed erroneous overcounts 
in less than 1 per cent of the packets counted . 
These results are well within the limitat ions 
set by the Treasury Department. In applying 
the technique to the worn half-notes, certain 
critical design requirements had to be observed. 
The light beam had to have an appreciable 
cross section (approximately !in by tin) 
to avoid false operation by stray fragments of 
paper and had to be placed at such an angle 
as to be reliably interrupted only by single 
sheets. To avoid turbulence and whipping of 
the sheets, t he air jet had to be placed tan­
gentially and as close to the contour surface as 
pract icable. 

F or reasons of flexibility, a separate, com­
pletely self-contained cabinet, mounted on 
castors, is used for each counting head. Auto­
matic feeding and removal of the packets to 
and from the count ing head , an input magazine 
which can be replenished periodically with 
packets t o be counted, and '' correct ' ' and 
" reject " outlet chutes, through which counted 
packets emerge, are provided. For ease of 
maintenance, the counter is composed of 
readily replaceable sub-assemblies which are 
completely inter changeable with duplicates. 

The sub-committee are well aware of the 
keen interest shown and the extensive develop­
ment work carried out by members of the 
Brit ish Plastics F ederat ion during the past 
few years, and they wish t o endorse that 
organ isat ion 's r ecommendation that foundries 
make full use of the technical services of the 
resin suppliers t o obtain t he best results from 
any part icular type of resin. As t o implement­
ing the recommendations of the " Garrett " 
R eport, the sub-commit tee is of the opinion 
that P .F . resin approaches the ideal of a prac­
t ical and . fumeless core binder. Nevertheless, 
the economic attract ions of U.F. resin and the 
fact that fumes from the cereal por t ion of the 
m ixture a re inevitable, whichever resin is used, 
emphasise that good vent ilat ion, t ogether with 
t he use of minimum percentage binder and 
thor oughly baked cores are the most practical 
means of improving conditions in foundries. 

American Engineering News 
(From our A.1Mrican Oorrupondent) 

An Electronic Counter for Paper Currency 
A fully automat ic electronic machine 

for counting worn-out paper money has been 
designed and developed by H . M. J oseph and 
Carroll Stansbury, of the National Bureau of 
Standards. Sponsored by the U .S. Department 
of the Treasury, the " N .B .S. Elect ronic 
Currency Counter " will rep lace the present 
hand-counting system at an estimated saving of 
about 250,000 dollars a year t o the Depar tment. 
A t otal of twenty-five currency counters will 
soon be placed in service by the Treasury's 
r edeemed currency unit, which has the 
r esponsibility of accounting for the unfit notes 
removed from circulation by Federal R eser ve 
Banks throughou t the United States. The 
r eplacement of the worn-out bank notes by 
new ones involves the redemption of some 8 
t ons of currency daily. Although new paper 

The input magazine is an inclined trough. 
At the beginning of each counting cycle, a 
feeder mechanism pushes the packets from the 
t rough , one at a time and endwise, int o the 
opening between the spindle jaws. When a 
packet reaches this .position, an electric limit 
switch is actuated, which causes the spindle 
jaws to clainp and r otate. The packet thus . 
r olls around the spindle and is counted by the 
light beam method . The jaws then release 
and the packet is cleared from the count ing 
head by an additional revolution of the spindle. 
The released packet falls on a sheet metal 
sorter vane, which has previously been tilted 
t o either the correct or the reject position by 
an eleatromagnet responding to the count. 
A " turntable assembly " mounted on the top 
of the cabinet includes the counting head with 
its friction band and optical assembly . The 
spindle jaws, together with an electromagnet 
that operates them, are carried in a r otating 
element of the turntable assembly . The optical 
assembly includes a lamp, a condensing l~ns and 
two small adjustable mirrors for deflectmg the 
light beam acrose the path of the sheet ends as 
they are blown out from the end of the fr~ct~on 
band by the air jet. The free end of the fnct10n 
band is pressed against the r~lled-up sheet~ by 
a compression spring and p1ston mecharusm. 
The stationary table surface of the turntable 
assem bly is inclined at t he same angle as the 
feeder t rough, so that, at the end of its counting 
cycle, each packet of half-not es slide~ forward 
off the inclined table on to the sortmg vane. 
The t ilt of the vane, positioned by the electro-
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magnet, causes the packet t o slide to the 
" correct '' or " reject ,, output chute. 

Mechanical details of the pusher that holds 
the end of the friction band against the contour 
of the rolled-up sheets proved rather critical. 
It was found that a knife-edged bearing offered 
the ~est. s.olution to the problem of releasing 
only md1v1dual sheets. Another critical design 
feat~e was the position of the air-jet nozzle 
relative to the end of the friction band. Its 
opening was placed as close as possible to the 
c~mto~ of the surface, and set to produce an 
arrstream ta,ngential in direction. This proved 
to be the only arrangement that would give 
the proper swinging motion to the individual 
ends of the half-notes as they passed the light 
beam. In the event of a packet of half-notes 
tangling around the spindle, a limit switch 
adjacent to the turntable is actuated and stops 
the automatic feed until the machine is cleared 
by hand. Other limit switches stop the machine 
after it runs out of packets and interlock the 
motion of the turntable with that of the feeder 
mechanism. The sorter vane mechanism is 
mounted on the upper of two chassis located 
in the cabinet below the turntable assembly. 
These chassis support the magnetic relays and 
the electronic components. A small rotary air 
compressor with integral motor drive is mounted 
on the bottom deck of the cabinet. 

The electronic counting mechanism is mainly 
conventionaL A cathod~ follower applies the 
photo-cell impulses to a trigger circuit for • 
conversion to sharp, uniform amplitude pulses. 
These pulses are, in turn, applied to a binary 
electronic counter. The full counting capacity 
of this eight-stage counter is 256, whereas the 
desired count for a correct packet is 102 (100 
half-notes, plus the wrapper sheet on each side). 
In ordinary production use by the Treasury, 
the actual numerical count resulting for each 
packet is not of interest, but for maintenance 
purposes the count is indicated by a series of 
neon lights situated just below the output 
chutes. The machine is "fail -safe, in the . 
sense that a very large percentage of possible 
failures in the equipment are such as to cause 
all packets to be rejected. This would be 
quickly noticed by attendants and result in 
the particular machine being taken out of 
service. The less likely failure, in which all 
packets are accepted, would have the same 
result. 

The most important factor in the counting 
effectiveness of the machine is the condition 
of the money to be counted. Thus, causes of 
erroneous low count include, the extensibility 
of half-notes due to wrinkles; folded corners, 
which interfere with individual release of the 
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sheets ; folded or short sheets, and adherence 
of adjacent sheets due to taping of half-notes 
with gummy tape, cancellation punching with 
dull dies, or other causes. Causes of erroneous 
high count include interruption of the light 
beam by loose fragments of paper, and random 
disturbances in the air which whip the ends of 
the sheets through the light beam more than 
once. A study of optimum spindle speeds was 
made to determine the effect of varying speeds 
on the accuracy of count. The relative advan­
tages of low operating speeds as compared with 
the use of a greater number of machines to do a 
specific job were also considered. Tentatively, 
the spindle speed adopted is 15 r.p.m., but this 
is subject to a possible upward revision on the 
basis of anticipated large-scale tests that will 
accompany early production operation. 

The Gunnison-Arkansas Transptountain 
Water Diversion Project 

The U.S. Secretary of the Interior has 
approved the Gunnison-Arkansas project, in 
which the Bureau of Reclamation proposes to 
tunnel under one of the highest peaks of the 
Rocky Mountains to divert an annual 69,200 
acre-feet of water from the western to the 
eastern slope of the Continental Divide. The 
project will furnish about 467,000,000kWh to 
help meet the critical need for po-wer in the 
project service area. It will supply about 185,000 
acre-feet of supplemental irrigation water 
annually for approximately 322,000 acres of 
land in the Arkansas Valley, and make 
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available · about 15,000 acre-feet of water 
to supplement the municipal supply in 
ten communities in the State of Colorado. The 
plan for the diversion of water from the Colorado 
River to the Arkansas River catchment includes 
a system of about 50 miles of canals and tunnels 
in the western slope of the Continental Divide 
for the collection of water frt>m Hunter Creek 
and Frying Pan River, tributaries of the Roarmg 
Fork River. Furthermore, it involves the con­
struction of the Aspen reservoir with a useful 
storage capacity of 28,000 acre-feet on the 
Roaring Fork River and the construction of the 
Frying Pan-Arkansas tunnel, about 6 miles 
in length at a height of lO,OOOft through the 
Continental Divide, for diverting water collected 
on the western slope to the eastern slope. 
When completed, the tunnel will be the highest 
ever constructed by the Bureau of Reclama­
tion. The major items in the eastern slope 
project will include three earthfill dams, 
50 miles of power canal, three diversion dams, 
over 10 miles of diversion canals, sev:en hydro­
electric power stations and switching stations, 
three small forebays and two afterbays, nine 
substations, about 400 miles of transmission 
lines, and a municipal water supply system. 
The project, estimated on the basis of October, 
1949 prices to cost 147,440,000 dollars, would 
be completed in ten years under the proposed 
work schedule. About 25 per cent of that cost 
would be for structures on the western slope 
and the transmountain tunnel. Altogether, the 
plan contemplates the expenditure of 64,334,000 
dollars for dams and reservoirs, 30,499,000 
dollars for diversion canals and conduits, 
34,021,000 dollars for power installations, 
18,050,000 dollars for the municipal supply 
system, and 536,000 dollars on operation and 
maintenance costs during construction. All 
but about 18,000,000 dollars of the total cost 
would be returned to the Government within 
fifty years from power revenues and payments 
by irrigation, municipal and industrial water 
users . 

The amount of irrigation water now available 
for the 322,000 acres of irrigated land in the 
project area varies considerably from year to 
year, but is seldom adequate for maximum crop 
production. Irrigation water shortages as high 
as 78 per cent of crop requirements have 
occurred and, .moreover, in some instances long 
reservoir feeder canals have lost 50 per cent 
of their capacity because of sedimentation. 
The power facilities of the programme have 
been designed for integration with those of the 
Bureau's Colorado-Big Thompson project 
and with. local utilities to serve a combined 
pow4r market area. The seven power stations 
would have a total installed capacity of 
l04,800kW. The quantity of municipal water 
available on the eastern slope is barely adequate 
at present, and with anticipated population 
increases additional municipal water supplies 
will be needed, particularly by the towns of 
Pueblo and Colorado Springs. Colorado Springs, 
it is estimated, will require approximately 
5231 acre-feet of additional municipal water by 
the year 2000. The Roaring Fork diversion 
plan contemplates prov iding a portion of 
that supply-a total of 4000 acre-feet of project 
water has been allotted to Colorado Springs. 
Under the project, 2700 acre-feet of water would 
be pumped into the city system annually from 
Middle Beaver Creek and replaced by 3200 acre­
feet of project water ; the remaining 800 acre­
feet of project water would be reserved for 
replacement of future diversions. The muni­
cipal water would be lifted approximately 
140ft into the existing Colorado Springs 
municipal supply system beginning with reser­
voirs on the south slope of Pikes Peak. The 
pumped water, r egulated with the present 
supply, would generate energy in the two 
municipally-owned hydro-electric power plants 
of the Colorado River Springs system. The 
estimated additional water requirements for 
Pueblo by the year 2000 will be about 4547 
acre-feet, and much of that supplementary 
supply and a better quality present supply is 
needed immediately. The additional water 
would consist of 2000 acre-feet from the existing 
Wurtz Ditch transmountain diversion and 3000 
acre-feet from the potential Frying Pan­
Arkansas diversion. 
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French Engineering News 
(From our French Oorrupondem) 

A programme to provide French West 
Africa with hydro-elect ric power is being 
investigated. Until now arll electricity ha.s 
been supplied by thermal power stations, but 
the barrage of a 80MW hydro-electric project 
is under construction near Brazzaville, and a 
40MW scheme is in progress at Edea. The 
installed capacity of the Dakar plant is also 
being increased from 9MW to 20MW. A 
lOMW hydro-electric project is to be con­
structed on one of the tributaries of the Niger, 
and a 3MW power station near Abidjan. 

* * * 
France has regained second place among the 

world's shipbuilders, immediately after Great 
Britain. At the end of March, French vessels 
under construction totalled 485,888 tons, 
28,475 tons more than the last quarter. 

* * * 
In spite of the r eductions in the credits 

allowed for work under the Monnet Plan, the 
rate of execution of this work will not decrease 
very much in 1951. The Commissariat had 
asked for 466 milliard francs, compared with 
383 milliard francs envisaged by the budget, of 
which 80 mmiards will be raised by guaranteed 
loans; 441 milliard francs was granted in 1950. 

* * * 
Production is expected to increase in the 

South Madagascan coal basins as a result of 
two projects of the Charbonnages de Sakoa. 
The first concerns extraction of coal needed for 
the island and its immediate neighbours, and 
includes extension of mining equipment, con­
struction of a loading station at Soalara, and 
delivery of coal py sea. This work will require 
an outlay of 350 million francs. The second 
project is for commercial exploitation of coal 
seams on a large scale. In the first stage it 
would handle 300,000 tons, increasing pro­
gressively to 600,000 tons. 

* * * 
The Union Technique de I 'Electricite has 

recently adopted new specifications for lead 
accumulator batteries for starting internal 
combustion engines. The new specification 
has the following main characteristics :-The 
dimensional capacity, designated by the symbol 
P, is obtained as soon as the battery comes 
into use, or, at the latest, at the third dis­
charging; the nominal capacity, designated by 
the symbol C, is indicated by the manufacturer 
and must be obtained at the twenty-fifth 
discharge, in the course of endurance tests. 
The two capacities, P and C, are expressed in 
ampere-hours. Starting performance is defined 
by discharges at 3P amperes, at temperatures 
of 25 deg., 0 deg. and .:._ 15 deg. Cent. Endur­
ance is defined by the number of successive 
charges and discharges the battery can take 
without the capacity being lowered nnder 
0·8P. The Union Technique de !'Automobile 
et de Cycle proposes to introduce two categories 
of batteries with the same starting performance, 
but different endurances ( 17 5 or 250 cycles). 

* * * 
The 850-ton coaster, " Haut-Brion, " ordered 

by the Mercant Navy Ministry, has been 
launched at Le Havre. It has the following 
characteristics :- Overall length, 63 · 52m ; 
width, 9 · 30m ; draught, 4 · 05m ; displacement 
fully loaded, 1557 tons. The vessel has three 
holds with a total capacity of 1256 cubic metres. 
The 750 h.p. two-gear diesel motor turns at 
180 r.p.m. 

* * * 
It is now considered that French construc­

tional plant manufacturers have completely 
recovered from the unfavourable conditions 
caused by the war. Plant now being produced 
is claimed to be of the most modern design, 
and in some cases ahead of that of other 
countries. The examples given of construc­
tional plant include a very large concrete 
hatching and mixing plant, a large grab, 
cranes, and road maintenance material. The 
industry has also produced large diameter 
boring tools and concrete vibrating equipment 
of advanced design. The production of the 
industry can now cover all the needs of the 
French Union, and a substantial proportion is 
also exported . 
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Industrial and Labour Notes 
• 

Iron and Steel Production 
The British Iron and ' teel Federation 

has a~ounced this week that the output of 
steel mgots and castings dw·ing May- which 
included the vVhitsun holiday- averaged 
305,100 t ons a week and was thus at an annual 
rate of 15,864,000 tons. Over the first five 
months of this year, steel production has been 
at an annual rate of 16,361,000 tons. Pig-iron 
output in May averaged 182,400 tons weekly , 
showing an annual production rate of 9,482,000 
tons, compared with a rate of 9,280,000 tons in 
April. 

The May figw·es for steel, the Federation 
says, show the effect of the difficulty during 
the winter period over the import of iron ore 
and the result of an exceptionally low import 
of scrap. Only 26,000 tons of scrap were 
impor ted in May this year, compared with 
196,000 tons in May last year. The immediate 
prospects for imported scrap are somewhat 
better, however, and in June and July it is 
hoped that about 40,000 tons a month will be 
received. But the improvement in the raw 
material position for steel making depends on 
maintaining fully the good star t to the scrap 
drive and on the expansion of p ig iron output. 
So far this year pig iron production has aver­
aged 182,000 tons a week. In the remaining 
months of the year it is expected to increase 
to at least 190,000 tons a week and then to 
continue to rise in 1952. 

This increased pig iron production is based 
partly on the expectation of better arr ivals of 
imported ore. Arrivals of imported ore in 
the first four months of this year were 560,000 
tons a month. In May they r ose to 660,000 
tons and this m onth it is hoped that they 
will total about 760,000 tons. Consumption 
of home ore last year was 12,750,000 tons and 
this year it is running at 14,500,000 t ons. 
Coke supplies have increased with the coming 
into operation of new ovens at Margam and 
by the end of the year additional coke should 
be forthcoming as a result of developmen ts in 
South vVales and at Scunthorpe. Next year, 
t he Federation points out, there will be capa­
city available for the production of about 
J 0,500,000 tons of pig iron, compared with 
the 9,500,000 tons being pr oduced this year . 
But it will involve increases in both home and 
imported ore supplies. Every effor t is being 
made to ensw·e that the necessary materia l is 
available. 

Non-Ferrous Metals Licensing 
The Ministry of Supply has announced 

that. the licensing system for unwrought copper, 
lead and zinc is to be extended from J uly 2nd 
to include licensing of scrap and residues of 
those metals. Provision for this is made in the 
Copper, Lead and Zinc Distribution Order, 
1951, which was published last week. Under 
the Order a licence will be necessary to acquire, 
treat, use and consume copper , lead, lead alloys 
and zinc, and any scrap from those metals and 
their alloys. Those likely to be affected by 
the Order are asked to apply immediately for 
a licence t o the Directorate of Non-Ferrous 
Metals, Ministry of Supply, 20, Albert Street, 
Rugby. 

The Ministry says that before a licence can 
be issued, a. retw·n of stocks on December 31, 
1949, December 31, 1950, and March 31, 1951, 
will be required, and certain r ecords and 
returns will have to be kept and rendered 
thereafter. A licence will not be needed t o 
acquire scrap or residues up to 13 tons in all 
over a. period of thirteen weeks provided the 
metal is only cleaned, crushed or sorted. But 
a. licence will be necessary to use any quantity, 
however small, for melting, remelting, making 
secondary ingots or any other purpose. 

Industry in London and S.E. Region 
At a r ecent meeting of the L ondon and 

South-Eastern R egional Board for Industry 
it was stated that there were few instances of 
short-time working or labour redundancy 

through shortage of raw materials. Any 
workers becoming redundant were being quickly 
absorbed in other employment, although it was 
reported that raw material shortages continued 
t.o cause great concern to industrialists through­
out the region, particularly because of the effect 
on export sales. 

A report made to the meeting by the Ministry 
of Labow· said that throughout the last quarter 
the employment position had remained good, 
and that the rearmament programme had 
resulted in a steady increase in the number of 
demands for skilled engineering workers. ] t 
was pointed ou t, however, that there was no 
immediate hope of meeting those demands 
unless the suggested reduction in the supply 
of raw materials for less important production 
materialised. The report also stated that the 
number of women volunteering for part-time 
work exceeded the demand in most parts of 
the region . Many women were available for 
work at irregular hours, and several firms were 
experimenting with evening sh ifts. 

Another matter considered by the Board 
related t o the distribution of industry through­
out the region. It was stat ed that " a steady, 
but firm, resistance t o moving out of Greater 
London was being encountered, " particularly 
from those firms whose main sources of supply 
or delivery were in the Metropolis. These 
firms claimed that, as the Government was 
calling for stabilisation of prices, any move 
away from London would put them at a serious 
d isad v~ntage because of increasing freigh t rates. 

Railway Efficiency 
When the wages dispute was settled 

by the Railway Executive and the three railway 
unions last F ebruary, it was agreed that special 
measures should be taken with a view to 
increasing efficiency and improving productivity 
in the railway industry. A special joint com ­
mittee of the Executive and the unions was 
set up to examine methods, and last week a 
statement was issued about its deliberations 
so far. . 

The statemen t says that, as a r esult of the 
committee's discussions to date, it has been 
agreed that the practice of employing callers-up, 
to call footplate staff and guards for rostered 
turns of duty, should be discontinued not lat er 
than July 30th. E verything possible, it was 
added, would be done to prevent hardship for 
s taff displaced as a result of the decision. The 
statement indicated also that an understanding 
abou t lodging turns had been reached, which 
would lead t o a reduction in the wastage of 
manpower and result in greater efficiency and 
improved transits. The statement declared, 
however, that the subject of lodging turns was 
a complicated problem which could not be 
quickly resolved in its en tirety. 

Index of Industrial Production 
The index of industrial production in 

the United Kingdom, which is prepared by the 
Central Statistical Office, has been provisionally 
estimated for March as 142 for all industries 
(1946= 100). This compares with 150 for 
F ebruary and 144 for March, 1950. The March 
figure this year, of course, was affected by the 
Easter holiday. For the manufacturing indus­
t ries alone the index for March has been put 
provisionally at 148, compared with 156 for 
February and 145 for January. · 

On the basis of information so far received, 
it is suggested that the index, for a ll industries, 
for April, 1951, will be 15Q-151. This forward 
estimate for April indicates that in the first 
four months of this year ou tput was at a rate 
about 5 per cent higher than in the correspond­
ing period of 1950. 

Work Measurement in Industry 
The report of the Nuffield Foundation 

for the year ended March 31, 1951, which has just 
been published, contains, among other matters, 
some account Qf the activities of the group set 
up to investigate methods of work measurement 

used by industry in this country. The r eport 
say.s that a committee of physiologists, psycho­
log1sts, statisticians and experts in management, 
under the chairmanship of Prefessor Sir Frederic 
Bartlett, University of Cambridge, planned an 
experiment to test the consistency of stop ­
watch time study. 

The project was designed to test and compare 
t~e findings of a group of thirty experienced 
t 1me-study practitioners, from different indus­
trial firms, when set to assess the same operation. 
The results of this experiment proved indisput­
ably that, working under laboratory conditions 
with variables as far as possible r educed and 
controlled, the final time-values set by the 
group of time-study practitioners, assessing the 
same operation, revealed a high degree of 
inconsistency, and that the locus of inconsistency 
lay not in the basic times set for each operation, 
but in the assessment of the working perform­
ance of the operator, and in the d iffering 
" allowances" made by each observer for 
fatigue, personal needs of the operator, company 
policy and other fac tors. 

The Conservation of Scarce Materials 

The Anglo-American Council on Pro­
ductivity has organised a special mission, which 
has left this country for the U .S.A. this week, 
to study matters concerned with the conserva­
t ion of scarce ma terials. Sir Graham Cunning­
ham is leading the mission, which will visit 
engineering and a llied industries in America 
with a view to making suggestions a.s to how 
British industry can improve its industrial 
housekeeping and use scarce materials in the 
strictest possible way. 

It is stated that the m ission will concern 
itself primarily with the immediate short -term 
problem, but it hopes also to examine any long­
t erm steps, involving basic changes in design, 
which are now being planned. It, therefore, 
proposes to investigate such matters as scarce 
materials substitution, emergency specifica­
t ions and standards, short-term alterations 
in design, factory reorganisation to ensure 
economy, and possibilities of increasing co­
operation between materia.Is supplier and user. 

Raw Materials Prospects 

The current issue of Bulletin jo1· 
1 ndustry, a monthly review prepared by the 
information division of the Treasury, exa.mines 
the production prospects for several of the raw 
materials now in short supply. In the non­
ferrous metals field, it says, lead and zinc 
stand out among the main meta)s a.s the ones 
for which the prospect is most disturbing. 
New discoveries of important deposits have 
become progressively fewer in recent year::;, 
although it is suggested that more expensive 
prospecting methods may discover lead-zinc 
deposits. It is, at any rate, possible, the 
Bulletin continues, that by the end of this 
century lead and zinc will no longer be indus­
t rial metals. The production charts for 
the past twenty-five years indicate that con­
sumption of lead is tending to fall slightly, and 
consumption of zinc to rise quite quickly, 
especially with the introduction of zinc-baso 
alloy die casting. 

The long-term outlook for other metals is 
considered to be better. Known copper 
resources stand at forty yea.rs' consumption , 
and there is no anxiety about bauxite. Indeed, 
the Bulletin notes, aluminium is the non-ferrous 
metal likely to show the most rapid expansion, 
and plans for increased capacity in Canada, 
America and elsewhere will put world produc­
tion up by 15 per cent by the end of this year. 
The limiting factor in aluminium production 
is the supply of cheap electric power . Iron 
ore reserves, of course, are plentiful enough, 
a lthough a great deal of development is neces­
sary to keep pace with demand. With the 
exhaustion of war scrap and the expansion of 
steel making capacity, world demand for iron 
ore is rising very quickly. 
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Notes and Men1oranda 
Rail and Road 

TURBINE LOCOMOTIVE "No. 46202."-The for­
mor L.M.S. locomotive, "No. 46202," built in 
1935 and which was experimentally fitted with a. 
Lysholm-Smith Ljungstrom turbine, is to be 
conyerted to the normal reciprocating type of 
engme. The locomotive, which was described in 
TBE ENGINEER of July 5, 1935, has now run nearly 
440,000 miles since .construction and it is con­
sidered t ha.t sufficient knowledge of the capabilities 
of t~s type of propulsion on the railways has been 
obta.med over the years the locomotive has been 
in. s~rvice. A serious failure affecting the trans­
miSSion took place last year and, in view of the 
cost which would be incurred in repairing this 
damage and affecting other replacements, it is 
now felt that it would be economically sound to 
tako the opportunity of converting the locomotive 
to an orthodox 4-6-2 design. 

LIVERPOOL (LIME STREET) STATION.-The Lon­
don Midland Rogion of British Railways states 
that a new concourse is to be built at Lime Street 
Station, Liverpool, complete with concealed lighting, 
a glass-fronted booking office, ·an up-to-date refresh­
ment room and shopping faci lities. The new face 
of the concourse will be finished in blue-grey tiles. 
The present structures on the existing concourso 
will be removed, the three present booking offices 
concentrated in a central office, the inquiry and 
reservation office will be entirely remodelled and 
the heating and lighting of the station modemised. 
The alterations have been planned to give more 
convenient access and better circulation in the 
concourse. New standard direction signs will be 
erected to give instant guidanco to the passenger 
and a. new departure indicator o?,posite the 
booking office will give " at-a-glance ' details of 
trains. 

LONDON TRANSPORT'S GARAGE PROGRAMME.­
London Transport announces that the first stage 
of a. comprehensive programme for the building of 
additional garages and the reconstruction, extension 
or modernisation of certain existing premises is 
now well in band. It provides for the construction 
and equipment of seven n ew garages, four in the 
central area and three in the country area, and 
the reconstruction and re-equipment where neces­
sary of nine existing central bus garages. The 
additional covered accommodation to be provided 
under this part of the programme will ultimately 
be of the order of 1000 buses. In pr~paring the 
scheme it was necessary to consider the overall 
requirements of the bus and coach fleet as a whole 
and, in the main, t hese determined t he sites for the 
new buildings, as well as the selection of garages 
for reconstruction, although availability of land 
and similar practical considerat ions were naturally 
taken into account. 

Air and Water 
HUNDREDTH LIFEBOAT.-J. Samuel White and 

Co., Ltd., has completed a 52ft by 13ft 6in Watson 
cabin lifeboat, which is the hundredth lifeboat 
delivered by the firm to t he Royal National Life­
boat Institution, and destined for the Aberdeon 
station. The vessel has a double diagonal mahogany 
hull laid on oak timbers and is equipped with 
255 air cases. In service condition the displace­
ment is 28 · 5 tons and the safe carrying capacity 
in fine weather is 145 persons, the figure being 
reduced to 100 in rough weather. The curve of 
stability shows that the maximum r ighting lever 
occurs at 40 deg. of heel and that the range is 100 
deg. A pair of 60 b.h.p. diesel engines, running 
at 1200 r.p.m., drive outward turning propellors, 
through reduction gear, at 600 r.p.m., to give the 
boat a speed of 9 knots and sufficient fuel is carried 
to allow a. range of 216 miles at full speed, or a 
cruising range of 376 miles. 

MIDGET GAB TURBINE CRAFT.- The Navy now. 
has a second gas turbine craft which is a dock­
yard harbour launch, 51ft long, in which a pockot­
size power unit of about 100 h.p. has been inst~lled. 
Built by the Rover Company, Ltd., the umt for 
the launch is similar to the engine fitted in the gas 
turbine car and to those used for experimenLa.l 
trials in the Rover Company's launch " Torquil." 
The unit, together with gearbox, weighs 600 lb, 
and replaces a diese_l eng~e of si~ila~ power weigh­
ing 2t tons, but this we1ght savmg 1s partly offsot 
by the need to carry more fuel as the turbino, at 
present, uses four times more fuel than the diesel. 
Operating from H.M.S. " Hornet , " the launch 
has been successfully tested in Portsmouth harbour 
and will be put into rou~ine ser~ice, and data.. acquired 
concerning gas turbme ma.mtenance Wlll be at 
the lower end of the power range. 

Miscellanea 
• 

THE OPERATION OF GAS PRODUCER PLANTS.-
The Combustion Enginoering Association, in col­
laboration with the British Coal Utilisation Research 
Association, is arranging a conference on " Engi­
neering Aspects of the Operation of Gas Producer 
Plants," to be held at t:,he Palace HoLel, Buxton, 
on Tuesday and W ednesday, July lOth and 11th. 

HANoVER TECHNICAL F .A.IR.-In the article 
dealing with the exhibits at the Hanover Technical 
Fair, which appeared in our issue of June 1st, 
last, we referred to a. milling machine made by 
Kollmann Maschinenbau G.m.b.H. We omitted 
to m en tion in the description that tho Selson 
Machine Tool Company, Ltd., is tho sole agen t 
for Kollmann machines in this country. 

GLASGOW UNIVERSITY ENGINEERING SOCIETY.­
!n connection with the fifth centenary celebrations 
of Glasgow University, the University Engineering 
Society is holding a. reunion luncheon in the Union 
on Saturday, June 23rd, at 12.30 p.m. for 1 p.m. 
Professor A. M. Robb, Dean of the Faculty, will 
preside and it is hoped that the principal guest 
will be Professor J . H. Keenan, of the Massachu­
setts Institute of Technology. 

CARBON BLACK FACTORY EXPANSION.- The 
directors of Cabot Carbon, Ltd., announce that 
plans are in hand for the expansion of the new 
carbon black plant at Ellesmere Port. These 
plans involve erection of a new unit, which should 
result in a total annual capacity of 40 million lb, 
doubling present production. The new unit will 
produce primarily high-abrasion furnace grades of 
carbon blacks, best suited to the full reinforcement 
of rubber and certain other qualities. Liquid 
hydrocarbons, such as p etroleum refinery rQsidues, 
will be the raw material. Contractors for the new 
extensions will be the Lummus Company, of Lon­
don, and construction will probably require at 
least a year, depending on availabilit.y of steel 
and other equipment. 

THE ENGINEERS' GuiLD.- The Metropolitan 
Branch of the Engineers' Guild held its first dinner 
and d~nce at the Cafe Royal, London, on Friday, 
May 18th, Mr. C. W. N. McGowan, M.I.C.E., 
M.I.Mech.E., being in the chair. The toast of 
"The Metropolitan Branch" was proposed by 
Mr. H. F. Buxton, M.I.Mech.E., chief engineer to 
the South-Eastern Gas Board, who referred to one 
of the aims of the Guild as being to obtain repre­
sentation of the engineering profession at the 
highest levels of planning, control and direction. 
He stated that the Metropolitan Branch, the largest 
and most active of all branches, was doing its 
utmost to further that aim. In acknowledging 
the toast, the chairman proposed " The Visitors," 
to which response was made by Mr. G. Mackenzie 
Junner. 

AN OIL CoMMITTEE.- At the request of the Mini­
stry of Fuel and Power, the three main Brit ish 
oil companies operating in t he international oil 
trade, the Shell Petroleum Company, Ltd., the 
Anglo-Iranian Oil Company, Ltd., and Trinidad 
Leaseholds, Ltd., have formed a committee to 
advise H.M. Government on oil supply problems, 
with particular reference to defence. It is called 
the Oil Supply Advisory Committee and its mem­
bers are Sir William Fraser (chairman), Sir George 
Legh -Jones and Mr. S. Vos. The Committee 
has no Government representatives and its secre­
tariat will be composed of oil companies' staffs. 
The secretary of the committee is Mr. J. P. Berkin, 
of the Shell Petroluem Company, Lt.d. The 
Ministry of Fuel and Power says that the setting­
·up of this committee is not related to the situation 
in Persia, the request for its composition having 
been sent to the companies some time ago. 

CoNCRETE BLocK-MAKING MAcmNEs.- An in­
vestigat ion by the Ministry of Works into the 
manufacture in this country of concreto blocks 
has recently been published by H.M. Stationery 
Office, in the series of National Building Studies 
(Special .Report No. 17. Price l s.). In the course 
of the investigation twenty-eight firms were 
visited in England and Scotland-twonty-two 
engaged in making concrete blocks and six manu­
facturers of machines used in these processes. 
The report thus gives descriptions, comparative 
figures and critical evaluations of performance for 
the various concrete block-making methods in 
use. The investigation did not include any study 
of the quality of blocks produced. The machines 
examined ranged from the simple box-mould and 
tamper, costing as littlo as £5, with an average 
daily output of 350 blocks, to a fully automatic 
machine costing £14,000 and capable of an output 
of 7500 blocks a. day. 

Personal and Business 
F . J. EDWARDS, Ltd., announces the opening of 

a new warehouso a t James Street, Birmingham, 3. 
DR. W. A. T UPLIN, M.I.Mech.E., has been ap­

pointed Professor of Applied Mechanics in the 
University of Sheffield. 

MR. R. H. CAIN, V.C., has been appointed 
general manager of the Shell Company of West 
Africa, Ltd., with headquarters in Lagos. 

MR. JOHN AYRES, M.I.E.E., works direcLor 
(Loughborough) of the Brush Electrical Engineer­
ing Company, L td., has been appointed general 
manager of Petters, Ltd., Staines. 

TIIE LUMLEY-SAVILLE 0ROANISATION, Stratford­
on-Avon, states that Mr. Graydon Poore haH 
resigned his position and no longer has any connec­
t ion with its associated companies. 

DR. D. B. FoSTER, M.I.Mech.E., has joined 
Mullard, Ltd., as chief engineer of the equipment 
division. He has also been appointed executive 
director of Mullard Equipment, Ltd. 

THE BELMOS CoMPANY, Ltd., Bellshill, Lanark­
shire, announces the appointment of Mr. J. E. 
Pogg, A.M.I.E.E., as its representative in York­
shire, Nottinghamshire and Derbyshire. 

LoNDON TRANSPORT states that Mr. E. P. 
Lumley, A.M.I.E.E., has been appointed divisional 
depot engineer in the running division of the chief 
mechanical engineer's (railways) department. 

WOLF ELECTRIC TOOLS, Ltd., has opened a 
branch service dep ot for Scotland at 1- 3, Strath­
cona Street, Anniesland, Glasgow, W.3. The depot 
is under the supervision of Mr. A. R. Graydon. 

THE RocKWELL MACITINE TooL CoMPANY, L td., 
Welsh Harp, Edgware Road, N.W.2, has been 
appointed sole agent for the D. H. Prutton Machi­
nery Company, Cleveland, Ohio, makers of high­
&peod planetary thread rolling machines. 

MR. L. V. TuR~ER, M.I.E.E., has been appointod 
a. p art-time member of the South-Western Elec­
tricity Board, in place of the lato Mr. Frank Forrest, 
M.I.C.E., M.I.Moch.E. Mr. Turner has recently 
retired from the p osition of manager· of the Taunton 
sub-area. 

DR. R. GENDERS, M.B.E., D.Met., F.R.I.C., 
F.I.M., has become associated as Consultant 
MetallUJ·gist with Messrs. Sandberg, of 40, Gros­
venor Gardens, S.W.l, in connection with the 
reopened analytical laboratory and newly-opened 
test. house of that firm. 

Launches and Trial Trips 
TANK KING, motor tanker; built by Harland 

and W olff, L td., for Sigurd Herlofson and Co., 
Oslo ; length between perpendicula rs 580ft, breadth 
moulded 76ft, de~t.h moulded 42ft 6in, deadweight 
24,000 tons; Harland-Burmoister and Wain 
two-cycle, eccentric, opposed-piston oil engine, 
seven cylinders, 7 50 mm diameter by 2000mm 
combined stroke, 110 r.p.m., two single-ended, 
multi-tubular boilers. Launch, May 22nd. 

KNUT KNuTSEN, motor tanker; built by the 
Furness Shipbuilding Company, L td., for Knut 
Knutsen, O.A.S., Norway ; length between per­
pendiculars 560ft, breath moulded 80ft, depth 
moulded 42ft 3in, deadweight 24,800 tons on 
32ft 3tin; North -Eastern Marine-Doxford, single­
acting, two-stroke oil engine, six cylinders 670mm 
diameter by 2320mm combined stroke, 6800 b.h.p. 
at 116 r.p.m., two Scotch boilers. L aunch, May 
22nd. 

SYDENHAM, motor collier ; built by the Burnt­
island Shipbuilding Company, Ltd., for the South­
Eastern Gas Board ; length between perpendiculars 
265ft lOin, breadth 39ft 6in, depth moulded 
18ft 6in, deadweight 2825 tons, draught 17ft 1in ; 
British P olar diesel engine, eight cylinders 340mm 
diameter by 570mm stroke, 1150 b.h.p. Launch, 
June 4th. 

Contracts 
SIMON-CARVES, Ltd., Cheadle H eath, Stockport• 

has signed a contract with the Groat Lakes Carbon 
Corporation of Now York for the building of a 
battery of forty coke ovens at St. Louis, Missom·i. 
It is believed to be the first coke oven contract evor 
obtained in the United States by a British firm. 
The contract includes oven machinery and exten­
sions to an existing by-product plant. Apart from 
certain local building materials, such as common 
bricks and cemont, all materials and equipment will 
bo of British origin. Work has already begun on 
site and is expected to be finished in about a year's 
time. 

• 
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British Patent Specifications 
When an invention is commun~ frrn-n abroad the 

norM and addreu of the communicator are printed in 
tuJlk-8. When an abridgment \8 n.ot iUwtrated ~M Bpeciftca· 
aon \8 tDithoul drawings. TM daU first given \8 tM dau of 
applicarion : the second date, a$ the end of the abridgment, 
u the date of publication of ~M eompl.eU Bpectfi,cation. 

Oopiu of Bpectfications may be obtained a$ tM Patent 
Offiu Salu Branch, 25, Southampton Buildings, Chancery 
Lane, W.0.2, 2s. each. 

LATHES 
852,547. August 25, 194 .-LATHES, H . \V. \Yard 

and Co., Ltd., of D a le Road, Selly Oak, 
Birmingham, 29 ; and George Conway Hooson, 
of the company's address. 

This invention relates to lathes, and particularly 
capstan lathes, of the kind in which a. s lide, and 
particularly the slide carrying the capstan head, is 
movable through the medium of a. manually 
operable ra.ok and pinion. The invention comprises 
the combination with the rack and pinion mech ­
anism of a. unidirectional clutch adapted to prevent 
return movement of the s lide by a. force other thu.n 
that exerted by the operative. The accompanying 
drawings show a. sectiona l side elevntion flntl '" 
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cross section on the line 11- 11. The spindle A , 
which aotua.tes the pinion B engaging a. rack G on a 
slide, is carried by a bearing D, against the outer 
face of which abuts a. boss E forming part of 
the operating handle F. The boss E is freely 
rotatable on the s lide and is adapted to serve 
as, or has incorporated with it, one part of a. 
locking device in the form of a unidirectional clutch. 
As shown, this part consists of an annular member 
G, from one s ide of which extend any convenient 
number of segmental projections H. The comple­
mentary part J is located in a. recess in the adjacent 
end face of the bearing D and is secured to the 
spindle. Part J has formed in its p eriphery three · 
gaps K , adapted to receive the projections H. At 
one end each gap is formed \vith an inclined 
surface L. In and adjacent to t he end of each gap 
is a roller M, which is urged a.wa.y from that end by 
e. spring N. The roller co-operates with the internal 
periphery of the recess in the bearing, or of a. ring 0 
secured in the recess. T o put the locking device 
out of action there is, on the part E, a. spring­
loaded slida.ble bolt P adapted to engage a.t its inner 
end a hole Q in the part J for securing together the 
parts E a.nd J.- .April 25, 1951. 

ELECTRICAL ENGINEERING 
162,790. April 6, 1949.- ELECTRIC CABLE SHEATK , 

P irelli-Genera.l Cable Works, Ltd., of 343/5, 
Euston R oad, London, N.\V.1, and Adrian 
Neville Arman, of the company's address. 

The accompanying drawings illustrate one 
construction of electric cable a ccording to the 
invention. There are four cores A , each compris ing 
the stranclad elect ri c conductors B surrounded 
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with d.lelectric me.tortul 0 ; the cor&i are enclo~:;ed in 
a welded aluminium Hhea.th D, around which is o. 
covering of plastic material E, such ~ polyethy­
lene or polyvinyl chloride. The a lunumum s~ea.th 
shown in the dra.wmgs was ma.do by foldmg o. 
atrip of aluminium a round tho <'Ores und then 
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woltling togolhot· tho odgo:; of tho Qlnp " Y ~~ t·ul•l 
pt·essw·o weldiug operation HO as to form "' long i ­
t udinal seam F . An a ltontative mothod fot· tho 
formation and application of an aluminium sheath 
to an electric cable is to wind an aluminium strip 
helically around the core or cores of the cable, 
t he edges being then welded together to form the 
hermetically sealed shea.th.-.May 2, 1951. 

MACHINE TOOLS 
652,902. June 21, 1948.- BALL B EA.lUNO, U sino., 

Tomos, Fa.brique de Machines Moutier S.A. 
The object of the invention is a. bearing structure, 

in particular for the rotating spindle of a. headstock, 
provided with a. ball bearing capable of taking the 
a.xia.l thrust of the spindle. In the accompanying 
drawing the movable headstock comprises a. front 
standard .A and a rear standard B forming the 
bearing housings which carry the spindle () 
and a. driving pulley. The bearing in the fron t 
standard has a bushing D, while the bearing 
mounted in the rear standard is of the adjustable 
axial-thrust type. This bearing comprises a double 
hall bearing E and F clamped a.ga.inst a. shouldet· 
of the spindle by a nut G screwed on the threaded 

B 

end of the spindle. T o 
relieve the thrust bearing 
of part or all of the axial 
load to which it is sub­
jected, a.n auxiliary 
thrust ring H (preferably 
of bronze) with a.n in­
termediate pressure ring 
J, is provided. Compress­
ion springs K preload the 
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hall bearing. Into the rear or outer end of the 
standard B is screwed a micrometer regulating 
ring screw L whi<'h engages only the outer race of 
the ball bearing F. By a small movement of the 
ring screw the thrust of the spindle is shared 
between the ball bearing and the auxi liary ring. I t is 
thus possible to divide the axial load of the spindle 
in the desired proportion between the ball bearing 
and the auxiliary thrust ring.-May 2, 1951. 

MISCEI,LANEOUS 
653,203. September 7, 1948.-STUFFING-Box FOR 

PISTON AND CYLINDER AsSEMBLIES, Richard 
George Christopher J enkins, of 1, Quality Court , 
49, Chancery L ane, London, (communicated 
by John Banta ParsoM, of 1210, River Road, 
Maumee, Ohio, U.S.A.). 

As the drawing shows, the invention comprises 
a metallic cylinder A, which is closed a.t its lower 
end by a ca.p B and within the cylinder is a. p iston G 
having a. piston rod D. At the upper end of the 
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oy linder is a metallic d~c E, the end portion of t.ho 
cylinder being crimped over at F, to hold the dl t-.<' 
in place. The disr has a central apert~re thro~gh 
which the piston rod passes, and boa.rtng agauu-.t 
the upper sido of the disc i~ a flange 0 of an annulnr 
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cup H, tho uppor owl uf which i:; roducod lu oml.uaco 
the p iston rod. The cmnped -over ond also engages 
tho edge of the flange a to hold it securely in place . 
Bea.r.ing against the upper s ide of the metallic disc 
is a. washer J of rubber or other suitable resilient 
and flexible material. The aperture in the washer 
fits a.nd has a. wiping action along the rod during 
its recjprocation. Filling the remainder of the 
cup is a.n annulus K of felt or similar material, 
which is compressed to engage the p iston rod 
and exert a yielding pressure against tho 11pper 
s ide of the rubber wa"'her. Preferably the nnutdu;;; 
is impregnated with a lubricant to fa.cibtat~ tho 
reciprocatory movement of the piston rod. With 
this arrangement it is claimed that air or moi~tw·e 
from the outside is prevented from entering the 
cylinder and any air or moisture within the cylinder 
is elrpelled during the reciprocation of the piston. 
In this manner, rusting of the inside of the cylinder 
is prevented and its life and usefulness accordingly 
enhanced.-May 9, 1951. 

652,796. May 19, 1948.-SELF-L ooKINo NUTs, 
Thomas Bruno Rule, of l, Ash Walk, Alkring­
ton, Middleton, Lancaster. 

This inve,ltion deals with self-locking nuts of 
t he kind wherein portions of the screw thread 
at one end of the nut are separated from the 
remainder of the m a in turns by slots and grip the 
male screw thread on to which the nut is screwed. 
Referring to the drawings, the top view shows a. 
nut having an end .A reduced in external diameter. 
This end has two pair'S of cross s lots B cut parallel 
with the axis of the nut, one pair a.t right angles to 
the other. Each pa.it· of s lots leaves between the 
s lots two tongues G diametrically opposite each 
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other a nd connected by their base ~ or roots to thP 
L'emainder of the nut. There are therefore four 
tongues, each of which carries portions of the screw 
thread turns. Each tongue is dis torted by twisting 
or bending. The distortion causes the edge 
D to slope or bend into the area. to be occupied 
by the male srrew thread from the root 
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to the end of the longuo. \Vhen tho nut i:.; ~:;~· rowt>1 l 
on to a malo thread, the tongue~ D nml undi.stort~d 
screw t IU'ead portions E como m to engagement aftel' 
the nut has already been screwed partly into engagt•· 
ment. Rotation of the nut in tho rever:so or unR<'rew­
ing direction is resisted by the con iderable prc~ ... uro 
of tho stressed partq of tho tongue . In tho con­
struction shown m the lowor \.l w~ tbo nut has t\ 
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pair of diametrical slots F ou t p arallol with tbo 
nut axis in one unreduced end and lateral forces 
&Te applied to the parts G of the nut which aro 
adjacent, but not between thepa.irofslots. The forces 
are applied only to the parts near the end faces H 
and are offsot from the nut axis so that the trailing 
portion J of each part is b ent inwardly, but the 
RC~ew thread portions ~n the leading end K of the 
sa1d part are left und1splaced and phased, whilst 
the screw thread portions extending from the loading 
end are dephased and displaced inwards to an exiont 
which increases progressively. An external annular 
slot L or other external slots or grooves may be 
provided in the nut to facilitate the desired diRtor­
tion and enable the distorted portions more readily 
to be flexed against the resiliency of the material 
into their undistorted positions by the male screw 
thread when the nut is screwed on to the male screw 
thread.- May 2, 19tH. 

VALVES 

668,749. February 26, 1948.-AUTOMA.TIO PLATE 
VALVES, Martina Hoerbiger, of 34, KroiA­
berggasse, Vienna-Ma.ver, Austria, and R obol't 
Ha.ns Hoerbiger, of 10, Jesuitensteig, Vienna­
Ma.ver, Austria., trading in partnorship aH 
Hoerbiger and Co. 

The object of the invention is to reduce the stresses 
set up in the valve plates of automatic plate valveA. 
In the drawings the left-hand view is a diagram­
matic representation of an automatic plate valve of 
known design, the valve stroke being drawn some­
what enlarged and the valve plate being shown a t 
its maximum tilt. Even if ita edge is rounded off, 
the tilting valve plate makes contact at a point A 
close to the edge of the damper or buffer plate and 
that plate makes contact with the stop member a t 
point B at no material distance from the edges of tho 
plates. The right-hand view shows the same portion 
of a valve according to the invention at a maximum 
tilt, which, for the sake of clarity, is slightly 
exaggerated. In this case the valve plate has ita 
upper marginal portion bevelled or chamfered, the 
chamfer angle being equal to, or slightly larger than, 
the angle of ti lt. The width of the chamfer variet-~ 
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with the size of the valve and should be made, for 
discs, about one-eighth to one-twelfth of the dia­
meter of the disc and, for rings, about half tho width 
of the ring. The same effect mt~.y be achieved if 
t he lower marginal portion of the damper plate or, 
in the absence of such a plate, of the slop member, 
is chamfered to a similar degree, and in the specifica­
tion examples are shown. If tho valve components 
are provided with the chamfer, then the impact 
will not occur in the vicinity of the edge of the p late, 
but at a point 0 on the marginal portion formed by 
the chamfer and it will be advantageous to radiuR 
the marginal portion slightly in order to make tho 
point contact as near as possible a surface contact. 
The stresses set up at point 0 are much less injurious 
than those which usually occur at the edge of the 
plate, so tha.t by the provision of the chamfer the 
following is achieved :- (1) The life of the valve 
plates is considerably increased, or, alternatively, 
(2) in the place of the specia l alloy stools used 
heretofore i t is possible to employ ordinary unalloyod 
structural steels for the valve plates without t hereby 
<lecreasing their life.- May 23, 1951. 

A LARGE MAGNETIC PULLEY.- Wo learn that 
Rapid Magnetting Machine Co., Ltd., of Lombard 
Street, Birmingham, 12, recently completed manu­
facture of what is claimed to be the world's largest 
diameter electromagnetic pulley. The equipment 
is to be installed in the Belgian Congo as tho 
terminal bead pulley of a main conveyor systom 
running at ! -mile centres and travelling at 256ft 
per minute, handling 700 to 800 tons of t!n ore per 
hour. The pulley weighs 12 tons, and Wlll extract 
" tramp iron" in t he form of picks, shovols, cutlet; 
teeth and short lengths of mine railway lino, from 
the ore prior to c~s~ing; it is mo~nted on two 
main and two auxthary roller beanng p lummor 
blocks, the shaft being 16ft long by 8iin diameter. 
A total weight of more than 3000 lb of asbestots­
insulated copper wil'e was. usod for the ~agnot 
winding, which has a contmuous duty ratmg of 
6 · 25kW at 220V. 
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Forthcoming Engagements 
Sec-retariUJ oJ IMtit-ution~~, Sociaiu, <he., desirous of 

havinq noticu of meeti-ngs inserted in thtis column, are 
requuted to note that, i-n order to makt Bt.Wt of their insertion, 
the necusary information 1houlcl reach thil ofllce on, or 
before, the mornMI.g of the Monday t1f the week prectdting 
the meetings. In all cases tl~e TIME and PLAOE at whioll 
lhe mee~Mt.q is to be held should be clearly stated. 

AJsociation of Supervising Electrical Engineers 
Mon., June 18th.-0ENTRAL LONDON BnANOJt : St. 

Ermin 's Hotel, London, S.W. l, Short. Topical Dis­
cussion. 

Mon., June 25th.-BOURNEMOUTR BRANOH : Grand 
Hotel, Firvalo Road, Bournemouth, Locturott.os by 
members, 8.15 p.m. 

Incorporated Plant Engineers 
M on. , June 18th.-DUNDEE BnANOU: Worlcs visit to 

B.X. Pla.atics, IGng's Cross Road, Dundoo, 7.30 p.m. 
'l'hwrs., June 2lat.-LIVIDRPOOL BnANOH: Radillnt Houso, 

Bold Street, Liverpool, " Feed W a. tor Troatmont," 
7 p.m. 

Institute of Petroleum • 

Thurs., Jwne 2lst.-Royal Institution, Albemarle Street, 
London, W .1, " Competi tivo and Co .opera.ti ve Research 
in the American Petroleum Industry," Robort E. 
Wilson, 4.30 p.m. 

Institute of .Road Transport Engineers 
W ed. , June 20th..- LONDON BRANOU: Visit to the 

works of Zenith Carburetter Company, Ltd., Stanmoro, 
Middlesex, 2 p. m. 

lnstitution of Mlning and Metallurgy 
'J'liiWI'S. , J•me 2lst.- Ooologica.l Society, Bur! ington 

House, W.l, " Sinking of Irwin Shaft at the. Roan 
Antelope Cor.por .Mino," R. Ccrnt hwni to a.nd F . 
Jurotic, and 'Some Notes on a Simplified Mot.hod of 
Le.ying Out Diamond Drill Holes for Stoping," E . K 
McDormott and P. A . Wilken, 6 p .m. 

Institution of Production Engineers 
11uu., Jwne 19th.-WOLVERliAMPTON GRADUATE SEc­

TION : Technical College, Wolvorha.mpton, " Indus­
t rial Economics," C. 'fragon, 7.30 p.m. 

Joint Engineering Conference 
To-day, June 15th..- Meetings at Insti tution of Civil 

Engineers, Great George Street, Westminster, S.W. l; 
Institution of Mechanioo.l Engineers, Storey's Gate, 
St. Jamos's Park, S.W. l; a.nd Institution of Elec­
trical Engineers, Savoy Place, Victoria. Embank­
ment, W.C.2. For details of arrangements see TnE 
ENGINEER, May 18th, page 662. 

Wome.a's Engineering Society 
Thurs., .June 2\st.-36, Grosvonor I'laco, London, 

S.W. l, Annu811 Gonoral Meeting, 7 p.m. 

British Standards Institution 
All British Standard Speoi,flcatiotUJ can be obecwned from 

tht Salu Department of the I natit-ution at 24, Victoria 
Street, London, S. W.l. 

BINDER DISTRIBUTORS FOR ROAD 
SURFACE DRESSING 

No. 1707: 1951. This new British Standard 
applies to the following typos of binder distributors : 
(a) Binder Lanka and spraying eq'Uipment for 
hand spraying, with manually or mochanico.l1y 
operated pressure systems; (b) mobile tank-spray. 
ing units, provided with a series of nozzles fixed to 
a transverse header holding bindor under prossuro; 
(c) mobile tank units, provided eithor with gravity 
outflow pipes or a pump food, combined wi th 
revolving or oscillating brushes to distribute the 
binder ; (d) mobile tank units p rovided with a 
combination of gravity or pump-fed simplo nozzles, 
and a series of blades revolving on a horizontal shaft. 

The standard specifies the essential requiremonLH 
for t he distributors and lays down a requiromont 
for uniformity of transverse distribu tion of binder. 
lt deals with capacities of tanks and requirement.s 
for distribution of bindor and deals with lagging, 
road whoels and brakes, speed cont rol, measurement 
ofvolumo and temperature of binder, and equipment 
for hand sp raying. Methods of test are a lso included. 
Price 2s. 6d. 

PHECI SION HEXAGON BOLTS, SCREWS, 
NUTS (B.S.W. AND B.f3.F. THREADS) AND 
PLAIN W ASIIERS 

No. 1083: 1951. This edition of B .S. 1083 
confirms as a regular British Standard the war 
emergency standard which was issued in 1942 
at the request of tho Ministry of Supply in place 
of B .S. 191 and B.S. 193. At, the end of tho war, 
the question of tho most suitable post,-war B.1·itish 
Siandard for bright bolts and nut,s was discussed, 
and after consultation with a wide fiold of user 
interests, it was agreed t hat B.S. 1083 should bo 
reissued. In preparing tho now edition the oppor­
tunity haR boon takon to introduce cortaln amend. 
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monts. The basio dimensions remain unchanged 
and tho amondmonLs aro concerned principally 
with a clarification of cortu.in of the former require­
ments and the inclusion of u.dditional requirements 
to impc·ovo the general quality of the bolts and 
nuts. Tho term " precision bolts " is now used to 
dosignaio tho type of bolLs, together with the cor­
responding screws u.nd nuts, which aro manu­
factured to proscribed mechanical properties and 
to tolerances required for use in engineering work 
where a good stand11rd of dimensional accuracy 
and performance is required. The stundard relates 
to ferrous and non-ferrous bolts, screws and nuts, 
and to split cotLor pins and washers for use with 
them, and in tho case of stool rofers to the appro­
priate qualities in various grades up to 86 tona 
tensile, as specified in B.S. 970, and givos the 
doLailed dimensions for bolts, screws, nuts, lock 
nuts, castle nuts, split pins and washers for all 
rogular nomina l sizes from !in to 2in. Stock sizes 
of stool bolts and scrows and a code of Part Numbers 
aro given in Lho appendices. Price 4s., p ost free. 

MATERIALS FOR DAMP-PROOF COURSES 
No. 743, : 1961. The r evision of this British 

Standard extends its scope by including references 
to mastic asphalt damp-proof cow·sos. Part 2, 
which is a classification of bit umen damp-proof 
courses, has also been extenaod to include two 
types with an asbestos fibro base. Tho specification 
gives deta ils of load, copper, bitumen, mastic 
aspha.lt, slates and bricks for uso as damp-proof 
ooursos and information concerning mortar for t he 
bedding of the various materials. An appendix 
givos guidance in the selection and laying of damp­
proof courses. Price 2s. 6d. 

BRAZING 
No. 1723 : 1951. This standard, which is supple­

mentary to B.S. 1724, " Bronze Welding by Gas," 
now in course of preparation, has been prepared 
as part of the programme of welding standards 
authorised by the Welding Industry Standards 
Committoo of the Institution. 

The standard is confined to those aspects of 
brazing for which it is considered advisable to 
specify dofmite requiromentA, although goneral 
recommendat ions regarding tho features of one or 
moro methods of brazing a ro given whoro it is 
thought that guidance will bo helpful. In view of 
the vast range of joints and connections for which 
brazing is used this treatment of the subject has 
been considered the most appropriate. 

The brazing processes covered are blow-pipe 
(torch), furnace, electric induction, electric resist­
ance, dip and salt bath. A general section specifies 
requirements for joint design, general preparation, 
flux removal, inspection and testing procedure. 
Each process is dealt with in a separaLe section in 
terms of a description of the processes and the 
permissible filler metals for tho various parent 
metals. Price 3s. 

Catalogues 
F . J. EowARDS, Ltd., 369-361, Euaton Road, London 

N.W.l.- Brochure giving a briof outline of the history 
u.nd policy Of Lho firm. 

Fxson mR D.lllAll.INGS CoMPANY, Ltd., Up~er Villlers 
Street, Wolvorharopton.-Servico cato.Joguo, ' PnAsonger 
C.:ars u.nd Motor Cyoles." 

BrttTISJt JE11'll'll.lllY-DIAMOND, Ltd., Stonnard Works 
Wakoftold, Yorks.- Foldor describing tho " 26 S ,: 
scrapor chain conveyor. 

TRill Amn.?onAPn CoMl'~Y, Lt..d., Lower Sydonham, 
London, S.U-26.- Loa.flot rllustratmg and describing tho 
tYPe "NSA " air brush. 

Tnm BELMOii CoMPANY, Lt.d., Bellshill, LanM'kehi r'O.­
Loo.flote dealing wiLh pillar type industrial eturt.ors and 
distl'ibu tion switchboards. 

Exons. 011' J AMES MILLS, LLd., Brodbury Steel Works 
Woodloy, Near SLockport, Choehiro.-Cato.loguo entitled 
" .Bright St.ool Scotione." 

DAVID BnowN AND SoNs (HUDDERSFIELD), Ltd ., 
Park Oear Wodcs, Ruddorsaold.-Leafl.ot illustrating 
goar type flexible couplings. 

HoLM.AN BROTHERS, Ltd., Camborno, Cornwall.­
CI:\Laloguo Section K 10, " Rotogrinds " ; Section K 12, 
" '£ube Expander Motors." 

TilE STANDARD AND Poonm BnoTHERS, Ltd., Eving. 
ton Valley Road, Loicestor.-Publioation No. 169, 
oovoring tho rango of Multivano pulloy-mountod contri ­
fugal fans. 

Kl~S'l'NF:rt EVAPORATOR AND ENOINE1llRING COMPANY, 
Ltd., 5, Groevonor Gardens, Westminster, London, 
S.W.l.- Lon.Oot doscribing Kostnor autoclaves and 
roacLion vossols. 

W. 1~. SYKIDS, Ltd., Stainoe, Midcllosox.-caLalogucs 
dMling with horizontal goar generating machines, models 
" lA," " 30" and " 6~," and mo.ohinoe and tools for 
goar production. 

Tum lNOAN'DESOlllNT HEAT Cot.n>ANY, Ltd., Cornwall 
Roa.d, SmeLhwic\~ • . Birmingho.m.- Leu.Oot V.l2 A, illus­
tratmg and doscrtbmg a mothod of hoatin.g bars, tuboa 
socLions, light strip , &o. ' 

• 
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