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Southern India for the purposes of irrigation. 
Disagreement as to where the dam should be built, 
on the Bhavani or across the River Cauvery at 
Mettur, caused the project to be held in abeyance. 
In 1914, however, on the advice of Colonel W. M. 
Ellis, R.E., then Chief Engineer for Irrigation, the 
Government of Madras proceeded to construct the 
dam across the Cauvery, which was described and 
illustrated in vol. 133 of Engineering (1932). 
The Bhavani project was indefinitely postponed, 
but was resuscitated in 1947, when Congress sanc-

Fig. 1, herewith, shows the site of the dam, and the 
extent of the area covered by the five-year plan 
can be seen from Fig. 2. The Bhavani project will 
bring an added advantage of security to the area 
by giving control of the river, which, twice within 
the past ten years, has caused disastrous flooding 
and great damage in its lower reaches. The pro­
posal to store the water of the Bhavani is not new, 
having been suggested more than 100 years ago 
by Sir Arthur Cotton, who was the first to propose 
the storage of the flood waters of the rivers oi

THE LOWER BHAYANI 
DAM, MADRAS.

By R. Dorai Rajan.

What is claimed to be the world’s longest dam 
is nearing completion across the Bhavani River in 
the State of Madras, India. The dam forms the 
basis of an extensive irrigation scheme in Southern 
India, put in hand in 1947 as part of the five-year 
development plan for irrigation and farming.

Fig. 1. Site of the Dam.

tioned it as one of the first post-war development
schemes in the five-year plan for irrigation.

The site of the new dam is 79 miles from the 
source of the Bhavani, just below its confluence 
with the River Moyar. It will impound an effective 
storage capacity of 30,000 million cub. ft. of water 
in a reservoir having an area of about 30 sq. miles, 
roughly triangular in shape, and with a shoreline 
of nearly 78 miles ; the maximum length of the 
Bhavanisager (as the reservoir is to be called) will 
be 13-8 miles, and its width 8-4 miles. Compen­
sation water for established riparian farmers will 
be allowed to flow down the existing river bed, but 
water for the new irrigation scheme will be taken, 
through a main canal 125 miles long and distri­
buted through supplementary canals, with a total 
length of nearly 500 miles, to give water to 207,000 
acres in the eastern part of the Coimbatore district. 
Alternate crops of cotton and millet will be raised, 
with, it is hoped, an annual value of more than
25 million rupees.

The overall length of the dam is to be 29,400 ft.,
of which the central portion, in the river bed, will 
be a masonry structure, 1,523 ft. long. Figs. 1 
and 3 show the earthen bund on each flank.
The bund on the left flank will be 16,040 ft. long,
and that on the right 11,840 ft. A typical cross- 
section of the earth dam is shown in Fig. 9, on 
page 779. The initial design required the central 
length of masonry dam to be 8,400 ft. long, but 
close study of recent work undertaken in the United 
States enabled earth-fill to be substituted for a
large part of the masonry, with a consequent saving 
of several hundred thousand rupees. A somewhat 
unusual feature of the dam is its great length for 
the relatively small storage capacity; but this
disadvantage is largely offset by the fact that the
area to be submerged is mostly reserved forest,
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Fig. 4. Water Face of Dam Adjacent to Spillway. Fig. 5. Construction of Spillway.

which is thinly populated, so that a much smaller 
number of people will be displaced than would 
have been the case had more valuable lands been 
affected.

The foundations in the river bed were constructed 
within a cofferdam built round three sides of a 
rectangle, about 500 ft. long by 300 ft. wide ; the 
fourth, or open side, was located on the left bank 
of the river. Sixteen vents with needle shutters 
were provided in both the upstream and down­
stream sides of the cofferdam, sufficient to pass 
and control the normal discharge of the river. 
During the first stage of construction the river was 
diverted round the right side of the cofferdam ; in 
the second stage, the diversion was sealed off and 
the river returned to its normal route, passing 
through the vents in the cofferdam and over the 
masonry already placed during the first stage of 
construction. During the third and fourth stages 
of construction, the flow' was re-diverted through 
river sluices provided in the right flank of the dam 
while construction of the central portions was

completed. In times of flood the river w'as allowed 
to flush over sections of the masonry dam that 
were kept low in the line of the river bed for that 
purpose, as shown in Figs. 3, 4 and 5, above.

A shift of between 43 ft. to 70 ft. downstream 
from the original alignment of the masonry dam 
was made because of the poor quality of the rock 
under the foundations. Even on the amended 
alignment, however, satisfactory foundations could 
not be made at the expected depths, but had to be 
taken dowm to between 60 ft. and 70 ft. below the 
river bed. Seepage through the laminated strata 
of the bed-rock has been reduced by drilling 820 
grout holes, averaging 80 ft. in length. To reduce 
the upthrust, vertical drainage pipes have been 
built into the dam from the foundation to a drainage 
gallery, 7 ft. 6 in. high by 5 ft. wide, that runs the 
full length of the masonry portion ; this gallery, 
shown on the cross-section of the dam in Fig. 7, 
on page 779, is situated 15 ft. behind the wrater 
face except in the locality of a sluice gate, w'here 
it is stepped back to 21 ft. behind the face.

The central masonry dam consists of two bulk­
head sections, 357 ft. long on the left and 770 ft. 
long on the right, located on either side of the 
spilhvay section, which is 396 ft. long. The crest of 
the spillway is 103 ft. above the river bed, but nine 
radial gates, each 36 ft. long by 20 ft. deep and 
carried from eight piers and the bulkheads, have 
been provided so that the top water level can be 
raised to 118 ft. above the river bed immediately 
and 123 ft. at a future date. A freeboard of 10 ft. 
has been provided at most sections, and. the roadway 
is carried over the masonry dam at 140-5 ft. above 
the river bed.

The shaped spillway has been designed to give a 
maximum discharge of 122,000 cusecs at a head of 
20 ft., and model experiments have shown the 
proposed form to have a discharge coefficient varying 
between 3-09 and 4-0. The top of the spillway 
has been built in Portland cement concrete ajid 
the toe has been moulded to an arc of a circle. It 
ends in reinforced-concrete baffle blocks, backed by 
a continuous wall, 4 ft. higher than the blocks, to
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I1 ig. 6. Construction of Spillway and Stilling Basin.
Fig. 7. SECTION THROUGH SPILLWAY.
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form a stilling basin at the foot of the spillway; 
it is shown during construction in Fig. 6, herewith. 
This arrangement is designed to dissipate the 
energy of the falling sheet of water, which will 
reach the bottom of the spillway with a velocity 
approaching 80 ft. per second when the radial gates 
are fully raised.

Within the length of the right bulkhead, adjacent 
to the spillway, are nine river sluices with openings 
6 ft. by 10 ft., and having their sills 18 ft. above the 
river bed. These sluices have been provided to 
ensure the minimum discharge of 1,000 cusecs of 
compensation water. Beyond these river sluices 
are four penstocks, 8 ft. in diameter, which will
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ultimately feed turbo-generator sets, designed to 
develop 2,500 kW each when working under a 
head of 76 ft. Beyond the penstocks are five canal 
sluices, with the same dimensions as the river sluices 
and with the sill level 43 ft. above the river bed, 
which are designed to deliver the full supply of 
2,300 cusecs that is required from September to 
March for the irrigation of the development area 
of 207,000 acres. They are shown in course of 
erection in Fig. 10, on this page. All the sluice 
gates in the dam have been made in Germany by 
the Maschinenfabrik Augsburg-Nurnberg A.G. Each 
sluice has a dry well for the inspection of gates, 
gears and chambers. Particular attention has

(iI33.f)
“ENGINEERING"

stones, set at a distance apart of § in., the 
gap between the faces being filled with mortar. 
Across the joint, 18 in. behind the water face 
of the dam, a seal has been made by incorporating 
a copper stop, 19 in. wide by £ in. thick, 
crimped at the joint to permit movement, 
and held in place by J-in. diameter bolts, 
grouted into the adjacent stones. At the 
front and back of the copper strip, rebates have 
been left in the stones and these are packed with a
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high-grade asphalt, great care being taken to ensure 
the continuity of this asphalt bar. The total volume 
of masonry in the dam amounts to 14 million cubic 
feet.

more than four years, though its construction had 
been expected to take six years.

Taken in conjunction with the Krishnarajasagara 
and the Mettur reservoirs, the Bhavanisagar will 
effect complete control over the flood waters of the 
Cauvery valley. The electricity generated at the 
new power station will be fed into the 110-kV high- 
tension line from the Moyar station, which runs 
close to the left bank of the River Bhavani. It is 
hoped that the new facilities will encourage the 
development of industry within the area. The 
situation is particularly suitable for a textile 
industry, as cheap power will be available and 
cotton can be grown on about half of the area that 
is to be irrigated. It is also possible that a tourist 
industry will develop, for the area now offers 
attractive opportunities for hunting, fishing and 
boating.

The dam and other works have been undertaken 
for the Madras Government, in collaboration with 
the Central Water-Power, Irrigation and Naviga­
tion Commission, by the Madras Public Works 
Department. The dam was designed by Mr. A. R. 
Venkatachari, chief engineer for irrigation, and 
the engineer in charge of its construction was 
Mr. A. Srinivasan. Mr. K. Hariharan was respon­
sible for the construction of the canals.

and a full account of the curved crystal mono­
chromator is included.

In Part IV consideration is given to the principal 
problems to which X-ray diffraction methods can 
be applied. These involve the study of crystal 
texture, including the investigation of the size and 
orientation of the elementary crystals in the speci­
men, the determination of the crystalline lattice 
and the exact measurement of its parameters, and 
the determination of the structure of the crystal 
so that arrangement of the atoms within the unit 
cell of the lattice can be ascertained. Thus far, 
the crystals have been assumed to be ideal, with 
the atoms located exactly at the lattice points of 
geometrically perfect periodic lattices. This restric­
tion is removed in Part V, where the effects of crystal­
line imperfections, mechanical deformations and the 
influence of thermal agitation are studied. The 
remaining chapters deal with the diffraction of 
X-rays by amorphous substances and the determina­
tion of the size of submicroscopic particles by low 
angle scattering.

Theoretical derivations of formulae quoted in the 
text are collected together in the first appendix, 
which includes a section on stei'eograpliic projection. 
Other appendices contain a comprehensive selection 
of tables of physical data and structure types of 
the elements, atomic scattering factors, K and L 
emission lines and absorption edges, mass absorption 
coefficients, lattice planes arranged in order of 
diminishing spacing for four types of lattice, 
spondence between the Bragg angle and lattice 
spacing for five X-ray wavelengths, and crystallo­
graphic data for certain common substances. 
Footnotes are avoided by making the name index 
serve as a bibliography—a commendable innovation. 
Notable features of this admirable working manual 
are the care taken to provide directly usable informa­
tion about the various experimental techniques, 
and the careful choice of representative examples 
based on the author’s own experience, illustrated 
by a series of reproductions of actual photographs 
and worked out in detail.

The earthen bunds on each side of the masonry 
dam are constructed as shown in the typical 
cross-section in Fig. 9, on page 779, and are, in effect, 
artificial hills with a greatest height of 110 ft. and 
a base width of 990 ft. The roadway along the 
top of the earth dam is level at 123 ft. above the 
river bed. Trapezoidal cut-off trenches, var}dng 
in bottom width from 20 ft. to Go ft., and with side 
slopes of 45 deg., have been taken down to the rock, 
which has been drilled and grouted. Where the 
height of the bund is less than 40 ft., no cut-off 
wall has been provided, but either one or two 
cut-off walls have been constructed where the 
height of the bund is between 40 ft. or 50 ft., or is 
greater than 50 ft. The cut-off walls are 20 ft. high 
and are taken down 10 ft. below the bottom of the 
trench. The inside ends of the bunds are protected 
from the action of the water by retaining walls, 
built integrally with the bulkhead sections of the 
masonry dam.

The core of the dam, of compacted impervious 
earth, has a trapezoidal shape with a top width of 
20 ft. at a depth of 5 ft. below the top of the bund 
and side slopes of 45 deg. down to ground level. 
The upstream toe of the core coincides with the 
top edge of the cut-off trench. The casings over- 
lying the core are of semi-impervious soil, the front 
and rear slopes being determined from stability 
calculations based on the slip-circle method of 
analysis. After clearing and removing the top soil, 
the foundation for the earthen bunds was scarfed 
to provide a key for the casings.

From the heel of the core, the rear half of the 
base of the earthen dam is covered by a horizontal 
filter, 5 ft. 6 in. thick, which is shown in detail in 
Fig. 8, herewith. It consists of a layer of crushed 
rock, 18 in. thick, sandwiched between two 12-in. 
layers of coarse sand, with additional layers of fine 
sand above and below it. At the heel of the dam, the 
horizontal filter expands into a filter and drainage 
trench, of trapezoidal section. The purpose of the 
filter is to protect the fine-grained core soil of the 
dam, which otherwise might be carried away by 
seepage. The rear slopes of the bund have been 
turfed, and drainage channels cut at regular inter­
vals. A blanket of quarry rubbish against the 
water face of the dam is protected by a 3-ft. thick­
ness of carefully hand-packed rubble and will act 
as an inverted filter should there be a sudden 
draw-down of the water in the reservoir.

The selection of the materials for the bunds, 
and the spreading, watering and compacting of 
them, are under the control of a field laboratory 
at the site, where regular day-to-day tests are 
made of all the materials used. A variety of earth- 
shifting equipment, including scrapers, dumpers, 
lorries and tippers, has been employed to transport 
the earth to the bund, where it has been spread 
in 8-in. layers by bulldozers and graders, watered 
as required, and finally rolled and compacted (to a 
density of 140 lb. per cubic foot) by sheep’s-foot 
rollers and road rollers. To achieve a good bond 
between successive layers, disc harrows were used 
to scarify the placed material before spreading the 
next layer of earth. The total volume of the two 
bunds, including the cut-off trenches, is 161 million 
cubic feet.

At times, the total labour force employed on the 
dam and the associated works lias reached the 
considerable total of 30,000, of whom 10,000 were 
actually working on the site of the dam itself. In 
addition, a further 30,000 labourers were working 
on the excavations for the irrigation canals. The 
cost of the dam and the ancillary works has been 
put at Rs.58-7 million and that of the canals at 
Rs.40 million. The dam has been built in little
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X-Ray Crystallographic Technology.
By Dr. Andr6 Guinier. 
T. L. Tippell.

English translation by 
Edited by Professor Kathleen

Lonsdale, F.R.S. Ililger and Watts, Limited, (Hilger 
Division), 98, St. Pancras-way, Camden-road, London, 
N.W.l. [Price 06s. net.]

Shortly after Dr. Guinier’s Radiocristallographie 
was published hi 1945, Professor Lonsdale, in the 
course of a review', commended it “ as a really 
excellent work ” and expressed the hope that it 
would be possible to bring out an English translation 
and to produce it in a more durable and attractive 
form than was feasible during the occupation of 
France. In response to this appeal, Messrs. Hilger 
and Watts arranged for the present translation to 
be made by Mr. Tippell, and persuaded Professor 
Lonsdale to edit what, in view of the changes 
introduced by herself and by the author, is virtually 
a new edition of the original work. Though it is 
“ addressed specially to technicians wrho want to 
use the methods of X-ray crystallography and not 
to crystallographers,” Dr. Guinier adds that his 
aim has been “ to make the treatment sufficiently 
complete for the reader to be able to interpret even 
special diagrams or complicated cases that he may 
meet.”

The text is divided into five parts, the first of 
which contains a general account of the properties 
of X-rays and of apparatus for generating X-radia­
tion. Useful hints are given on methods of detecting 
a beam of X-rays and for measuring its intensity, 
together with many practical details concerning 
the construction and operation of X-ray tubes 
and associated equipment. It may be noted here 
that the term Rj, which occurs in three places on 
page 24, should read Ri. Part II covers the elements 
of crystallography and the theory of X-ray diffrac­
tion by crystals which form the indispensable 
foundation for the interpretation of X-ray patterns 
and in which proper prominence is given to the 
reciprocal lattice. The 85 pages of Part III com­
prise three chapters devoted to the experimental 
methods for obtaining diffraction diagrams wdien 
the specimen consists of a crystalline powder or a 
microcrystalline solid, a single crystal, and wdien 
the incident radiation is strictly monochromatic. 
The measurement and interpretation of the resulting 
Debye-Schcrrer lines and of the spots on rotating 
crystal and Laue diagrams are carefully explained

Waves and Tides.
By It. C. H. Russell, M.A., and Commander D. H.
Macmillan, R.N.R. (Ret.), F.R.I.C.S. Hutchinson’s
Scientific and Technical Publications, Stratford-place,
London, W.l.

This composite study of related subjects, which 
contains 350 pages and is illustrated by 100 diagrams 
and 16 plates, is divided into two sections, “ Waves ” 
being dealt with by Mr. Russell, and “ Tides ” by 
Commander Macmillan. The former author’s _ 
face to “ Waves ” claims modestly that his motive 
was merely to give “ . . .a description of how’ 
waves behave in the writer's opinion and accord­
ing to those from whom he derives his opinions ” ; 
and he submits that, “ In the study of wraves there is 
plenty of scope for speculation and for personal 
opinions.” The first four chapters, “ Characteris­
tics of Ocean Waves ” ; “ Ideal Waves ” ; “ The 
Generation of Waves by Wind ” ; and “ Waves Near 
the Shore,” while touching upon matters of funda­
mental importance, hardly amplify them sufficiently 
to give the promised understandability, nor yet the 
reasons for then- validity. Certainly, the subject 
gives the author a wide scope for his speculative 
opinions, based apparently upon a somewhat 
narrow selection of data. For example, he 
eludes that “ The shattering of rigid structures is 
caused by temporary forces, determined more by 
the shape of the waves than by their energy, and 
the erosion of beaches is similarly dependent 
principally on the shape of the w'aves.” If such a 
statement were true, it would also shatter the 
world of maritime engineering. He does not 
develop the point further.

The chapter on “ The Generation of Waves by 
Wind ” explains satisfactorily the difficulties of the

[Price 25s. net.]
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subject, though, from the abundance of observed in the chapter “Tidal Theory To-day,” the more 
data obtainable from world-wide sources, it might recent researches on coastal embayments which give 
have been extended with advantage. The author’s rise to co-oscillating systems deriving energy from 
note on the soaring tactics of gulls on a change of the ocean tides rather than from the direct action

of lunar and solar gravitational forces. Another 
point that shonld be noted is that the simple geo­
metrical patterns which the author uses to describe 
the occurrence of standing waves, though admirable 
as illustrations, are actually over-simplifications. 
In Nature there is considerable damping of the 
primary and reflected waves and distortion of the 
geographical distribution of phase differences. It 
could be further emphasised that exceptionally high 
tidal ranges appear to be due to two or more stages 
of amplification, resulting from the combined 
effects of reflected and resonant systems.

380-KV POWER- 
TRANSMISSION SYSTEM 

IN SWEDEN.
wind speed has an instructive practical appeal; 
it shows that no opportunity should be neglected to 
provide evidence on natural phenomena. On the 
important subject of “ Waves Near the Shore,” 
he develops his argument with acumen until, on 
page 81, he flatly contradicts what he terms a 
“ widely held conception” that the friction drag 
on the water particles at the seabed causes the waves 
to steepen and topple over. He gives the model 
experiments of Suquet as the authority for his 
statement, but Suquet did not say, or imply, 
that this was the case. What he did say was that 
while, on a flat slope (1 in 25) a rough bed throws 
the break towards the shore, relative to the point 
of break of a smooth bed, for a steeper slope the 
effect would be reversed. The rest of this section 
deals with “ Reflection, Diffraction, Refraction 
and Wave-Induced currents ” ; “ Movement of

(Concluded from page 750.)
380-KV Switching Station.

The 380-kV switching station at Harspranget, 
illustrated in Fig. 8, on page 782, is equipped with six 
single-pole circuit-breakers, but the three at present 
in service can be operated as a triple-pole circuit- 
breaker. They can, however, also be operated 
individually when it is necessary to bring the stand­
by transformer into circuit. The same arrange­
ment applies to the isolating switches, which are 
illustrated in Fig. 11, Plate LIX.

The high operating voltage, and still more the magni­
tude of the voltage rises that may be experienced 
under certain conditions, obviously made it neces­
sary that the rupturing capacity of these circuit- 
breakers should be made as great as possible. 
Calculations showed that a rupturing value of 
8,000 MVA would be necessary and the design 
has, therefore, been carried out on this basis. 
During the first years of operation, however, the 
figure is not likely to exceed 2,300 MVA.

The design of circuit-breaker actually adopted 
has been based to a considerable extent on that of the 
air-blast units used on the existing 220-kV lines in 
Sweden.* A fundamental principle of this design 
is that the supporting insulation is separated from 
the insulation to earth which is incorporated in the 
pneumatic and mechanical operating gear, so that 
the failure of parts occasionally subjected to severe 
mechanical stresses will not jeopardise the rest of 
the apparatus. The contact system consists of 
several breaks in series, the number chosen being 
such that the recovery voltage per break is between 
30 kV and 50 kV at the rated rupturing capacity, 
while the stroke of the main break has been selected 
so that the rupturing capacity is a maximum.

The construction of £he breaking contacts used 
is shown in Fig. 15, on page 783. They are electric­
ally connected in series and are simultaneously 
operated pneumatically. The number of elements 
is small enough to enable them to be arranged 
in a single stack as shown at a in Fig. 16. The 
leakage current required to secure an even voltage 
distribution across the eight breaks is very low and 
can easily be broken by the isolating switches 
b and c. The flash-over voltage has been increased 
by using a number of horizontal pointed ribs which 
protrude radially from the top of the supporting 
insulator, as also shown in Figs. 9 and 10, which 
is an outline drawing of one pole of a 380-kV air- 
blast circuit-breaker. The employment of further 
breaks would only have increased the flash-over 
voltage very slightly.

The insulation resistance between the terminals 
of each pole is provided b}' the air in the gap 
between the contacts of the open isolating switch. 
It has been possible to bridge this gap by a single 
blade which is made of Duralumin with a conical 
section, as shown in Fig. 11, Plate LIX, the wall 
thickness tapering towards the free end.

The contacts are controlled on a “ combined ” 
system whereby the blast air and the control air 
are supplied to the opposite sides of a piston. When 
the moving contacts open, both air ducts are filled 
simultaneously and the control air is then rapidly 
released. Although with this arrangement the 
opening time is slightly longer than with certain 
other methods, it has the advantage that the con­
tacts part at the moment when the pressure curve is 
at its optimum value. The air system has also been 
designed so that, in spite of the ducts being rather 
long, all the breaks occur simultaneously. Care has

Nomographic Charts.
By C. Albert Kulmann. McGraw-Hill Book
Company, Incorporated, 330, West 42nd-street, New
York 36, U.S.A. [Price 6-50 dols.] ; and McGraw-Hill
Publishing Company, Limited, 95, Farringdon-street,
London, E.C.4. [Price 55s. 6tZ.]

Nomographic charts have long been employed in 
commerce and industry for the purpose of solving 
an equation of given form. Those which solve the 
complete cubic equation, for instance, can be utilised 
in a wide variety of problems in structural engineer­
ing, hydraulics, and other branches of technology. 
Further, more elaborate charts, with movable trans­
parent sheets, have been constructed for applica­
tions in hydromechanics and aerodynamics in which 
as many as 12 variables are involved. In his book, 
Mr. Kulmann takes full advantage of these facts 
by presenting 92 charts which have proved to be of 
great value in his own engineering practice.

The charts are arranged in six main groups, of 
which the first may be used in place of tables for 
finding the powers and roots of numbers of likely 
occurrence in engineering calculations, reciprocals, 
and the circumference and area of circles. In 
addition to charts showing the reciprocals of reci­
procal sums, the present value of an annuity, and 
similar data, the second group includes nomograms 
of the properties of rectangles, isosceles trapezoids, 
and right triangles, by means of which it is possible 
to write down the area, sectional modulus, or 
moment of inertia of a section of given dimensions. 
The next group, of 37 charts, for use in hydraulics, 
is more comprehensive in scope, ranging from the 
discharge over weirs and through orifices of different 
types, and the flow in both open channels and pipes, 
to the specific speed and other details of hydraulic 
turbines, and the rainfall run-off as given by the 
Burldi-Ziegeler formula. The fourth group 
provides graphical solutions of Rankine’s formula for 
stanchions, of the usual equations for the stress in 
beams and shafts, together with information of 
potential value to the structural engineer. In the 
next group, on calculations in thermodynamics, 
there are graphical solutions to problems which are 
associated with the operation of boiler installations, 
as, for example, the flow of steam through orifices 
and pipes, the throttling calorimeter, the loss of 
heat through various causes, the factor of evapora­
tion, and boiler efficiency. In the final group, the 
author gives, in graphical form, the solution of 
17 equations which enter into the consideration of 
electrical plant when the aim is to estimate the 
power factor in terms of different variables, surge 
impedance, surge admittance, voltage characteris­
tics, current-characteristic factors, and vector 
equivalents. Throughout the book the reader will 
appreciate the care with which the author has con­
structed these charts and prepared the explanatory 
notes on the use of them. Although the work 
contains no new information for the professional 
engineer, he may consult it with advantage in 
circumstances where a slide-rule might have been 
employed for the same purpose, so far as accuracy 
is concerned.

Material by the Sea ” ; “ The Effect of Wave 
Action on Structures ” ; and “ Wave Measuring.” 
This may be called the practical or applied section, 
where opinions are subject to the severe test of 
demonstration. Plate II, relating to it, bears the 
caption, “ Characteristic shape of waves driven 
by the wind. The wind is blowing and the wave 
moves from left to right.” The illustration is a 
magnificent photograph of a wave, but it is not 
characteristic of a wind-driven wave ; it has all 
the appearance of one which is partly reflected either 
from a rounded breakwater head or from the hull 
of a vessel.

In the chapter on refraction, etc., no mention is 
made of the pioneer work done by the Spanish 
engineer, Professor Irribaren. The modern approach 
to the subject is actually an extension of his keen 
observations and his careful analysis of full-scale 
phenomena in the Bay of Hendaye, from which the 
Californian Oceanographical Research Organisations 
have formulated notable refinements, although these 
are not always applicable to the shores of Western 
Europe. It was Irribaren, too, who gave the lead 
to the fruitful study of wave-induced currents. 
In the caption to Fig. V.5, Refraction Diagram, the 
letters “ C and E ” should read “ B and D.” In 
dealing with “ Movement of Material by the Sea,” 
the author says, with particular reference to Selscy, 
that wave action at 12 ft. below low water is neglig­
ible and yet, at the very spot referred to, the sea 
bed has been lowered over 10 ft. by erosion since 
1920. Mr. Jack Duvivier has recorded, in the 
Proceedings of the Institution of Civil Engineers, 
that the tidal current at that point is so strong that 
divers could only work one hour before and after 
slack water.

Chapter VII, “ The Effect of Wave Action on 
Structures ” opens with the sentence “ The failure 
of marine structures is most commonly brought 
about by the action of waves in undermining their 
foundations,” but here again the premise is not 
developed, though the author does give examples of 
the power of the seas in shifting breakwaters and 
hurling huge blocks about. The more recent failures 
of the breakwaters at Algiers, Catania and Anto­
fagasta, which experts of renown declared to have 
failed by shear, under enormous shock pressures, 
seem to have escaped his attention.

While the part of the book which deals with waves 
is open to some criticism, and for that reason has 
been discussed at some length, Commander Mac­
millan’s study of “ Tides ” conveys an immediate 
sense of the care and assurance of the practical and 
patient observer. The twelve chapters are so 
skilfully marshalled that to read them is as pleasant 
as it is instructive, while his explanations of the 
variations of tidal phenomena are clear, concise, 
and convincing.

It would have been of advantage to have included,

* See K. I. Lindstrom, “ Air-Blast Circuit-Breakers 
for 220-kV and Higher Voltages for Swedish Networks,” 
Conference Internationale des Grands Reseaux Elec- 
triques k Haute Tension. Paper No. 105 (1948).
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380-KV SWEDISH TRANSMISSION SYSTEM.
Fig. 9. ONE POLE OF 380-KV CIRCUIT-BREAKER.

------X

r
\\ / s\/

s
s o

I l
l.
f:All Dimensions in min.

t:1
—— -----L

9,000-
H: --1,1700--- ------ *1Fig. 10.

a©efc7

('021.0.)

electrostatic forces tend to separate them when 
the current is large. Calculation and experiment have 
shown that the former predominates, so that after 
a certain critical value has been exceeded the 
conductors touch and remain in contact until the 
current falls to a second lower critical value. To 
prevent this happening, the conductors have been 
anchored at intervals of not more than 1,150 ft.

Conductor Design.
The type of conductor used on the 380-kV line 

was selected after comparisons had been made 
with single and multiple types, containing three 
and four cables per phase. It was found to have 
the advantage over a single conductor of larger 
diameter, the line reactance being reduced by as 
much as 26 per cent, with a spacing of 17f in., 
and consequently the stability was appreciably 
increased. The critical corona voltage is also 
high, so that solid steel-aluminium cables of 
moderate diameter can be used without giving 
rise to excessive loss from this cause or to undue 
radio interference. The use of double conductors 
also obviates the employment of single conductors 
of the tubular or expanded type which, besides 
being costly, have larger diameters owing to the 
inclusion of non-conducting material. The react­
ance, corona loss and radio interference could, 
of course, have been further reduced by using three 
or four conductors per phase, but the gain, it is 
considered, would have failed to compensate for the 
additional cost and complications. With the con­
ductor arrangement chosen, the ohmic resistance of 
the line is 0 • 0442 ohm and the reactance 0 ■ 53 ohm 
per phase per mile, while the line capacitance is 
0-177 microfarad per mile, corresponding to a 
reactive power of 800 kVA per mile at 380 kV.

The double conductor is usually connected to a 
single string of insulators, as shown in Figs. 12 and 
13, Plate LIX, and in Figs. 18 and 19, opposite. 
Where the vertical load on the cable is high and the 
line is on a wide angle, double strings are employed. 
Three types of insulator have been adopted. The 
first of these is a porcelain insulator of Swedish 
manufacture, which is employed when the working 
load does not exceed 4 tons. Twenty discs spaced 
at 6-7 in. are used for a single string, giving a

Fig. 8. Switchgear at HarsprAnget.

been taken to ensure that there is leakage in rocky ground the foundations were levelled off 
between the ducts carrying the blast and control with concrete, while in marshy ground 30 ft. poles 
air, so that the pressure in the latter falls rapidly were used instead of sleepers and the towers 
when the valves are opened. Rapid re-closing is stayed in a direction at right angles to the line, 
ensured by maintaining the isolating switch closed The cross-arms, which are normally about 80 ft. long, 
and the power breaks open during the dead interval, consist of channels, which are~ strengthened by 
and thus providing sufficient insulation strength diagonal bracing and are made up of a number of 
across the latter. To prevent the waste of blast air, wielded units bolted together on site. All the 
an automatic reduction valve is fitted below the steelwork was hot galvanised and, where the bases 
lowest breaking contacts, thus decreasing the are buried in ground likely to 
pressure at this point to a value just sufficient to zinc protection sheets were also provided, 
keep the contacts open and to maintain the neces- The normal weight of a tower is 7-2 tons, which 
sary insulation strength. Towards the end of the is equivalent to 37 tons of steel per mile, with the 
dead interval, when the breaks are about to re-close, usual span of 1,080 ft. The height of the 
the pressure is restored to its full value, so that the arm from the ground is usually about 75 ft., 
full breaking capacity is again available. The and the conductor spacing is 39 ft, Where the 
circuit-breakers are equipped with voltage-limiting line is likely to be exposed to exceptionally heavy 
resistors, to reduce the switching surges, and are icing, however, this span has been reduced, so as 
designed so that rupture occurs in about 0-1 second to enable the conductors to carry a superimposed 
with an air pressure of 15 atmospheres. The asso- load of 2£ lb. per foot instead of the 2 lb. per foot 
ciated current transformers are illustrated in Fig. 14, allowed on normal stretches 
Plate LIX.

no

were

cause corrosion,

cross-

As may be seen in Figs. 12 and 13, Plate LIX, each 
phase conductor consists of two 0-92 sq. in. steel- 
aluminium cables of the Feral type, with a diameter 
of 1-25 in., the aggregate equivalent copper section 
being 1 • 024 sq. in. This material, which 
factured by Svenska Metallwerken, is 30 per cent, 
stronger than copper and weighs 30 per cent. less. 
It is also estimated that a saving of about 40 per 
cent, in cost was effected by its use. The cables 
were drawn up so that they are subjected to a 
tension of 3-8 tons per square inch at 32 deg. F. 
and the sag of a normal span of 1,080 ft. at 
122 deg. F. is 33 • 5 ft. As can also be seen in Fig. 12, 
the two conductors of each phase are suspended 
in the same horizontal plane, the distance between 
them being 17f in. This spacing is maintained by 
distance pieces, which are inserted so that the free 
length of conductor does not exceed 430 ft. The 
distance between the two is therefore never less 
than 8 in., except occasionally in high winds, thus 
fulfilling the conditions necessary to prevent trouble 
from corona. The electromagnetic forces acting 
the conductors tend to draw them together, and the

Transmission Towers.
The general appearance of the towers carrying 

the Harspranget-Hallsberg 380-kV transmission 
line is shown in Figs. 12 and 13, Plate LIX, and 
Fig- 17 gives the principal dimensions. The 
terial used in their construction is high-grade steel 
with a minimum tensile strength of 33 tons 
square inch, thus effecting a considerable reduction 
in weight. The uprights consist of angle irons, 
which are welded to bracing pieces, the latter being 
corrugated to provide extra stiffness. Each upright 
includes a base piece which rests on a foundation 
of steel beams, which, in turn, rest on 8 to 12 
sleepers. These bases project a short distance 
above the ground and support the central and 
upper sections of the upright, each of which is 
about half the remaining height of the tower. These 
two upper sections are bolted together, an arrange­
ment which had to be adopted for reasons of trans­
port. The other connections are welded, a specially- 
designed flash-welding machine having been used for 
this purpose. Where the towers had to be erected

was manu-
ina-

per

on
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380-KV SWEDISH TRANSMISSION SYSTEM.
SUSPENSION INSULATOR STRING, 300-KV LINE.

Fig. 19.
380-KV AIR-BLAST CIRCUIT-BREAKER.

Fig. 16. Fig. 18.
■Fig. 15.

BREAKING ELEMENT.
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the 220-kV system at Midskog through four single­
phase transformers, the rating of which is 
110/110/75 MYA/408a/3/258V3/36 • 5 kV. These 
transformers are of four-core design with windings 
on the two central limbs only. The fourth unit 
acts as a reserve and is equipped with switching 
arrangements similar to those at Harspranget, so 
that it can take the place of one of the others 
without interrupting the supply. The tertiary 
winding is used to supply four single-phase regu­
lating transformers, which are rated at 15 MVA/32/i 
55 V3 kV and are connected to the neutral point 

the 380-kV winding. The relatively high voltage 
of this tertiary winding was chosen so that the 
phase and short-circuit currents should not be so 
large as to necessitate the use of a split-phase 
winding. Nevertheless, the equivalent two-winding 
rating of the transformer amounts to 750 MVA per 
phase.

The tertiary winding also supplies a phase- 
shifting transformer, which consists of three 16-7- 
MVA single phase units with a voltage ratio of 
32V3/58V3~ to 29Vll kV. A winding of this 
transformer is connected in series with the 220-kV 
winding on the main transformer and with an 
excitation winding, which is supplied from the 
tertiary winding of that group. These tertiarj7 
windings are also connected to three 60-MVA 
reactors. The object of the phase-shifting trans­
formers is to equalise the loads on the 380-kV 
and 220-kV lines w'hen the two are connected in 
parallel. Otherwise, there would be a risk that 
the low-er voltage luxes would carry more than 
their share of the load, since this is distributed in 
inverse proportion to the impedances and not to the 
resistances of the two systems.

The dimensions of the main transformers were | one 
limited by transport difficulties, since they had connected to each transformer group, 
to be taken to the site from the nearest railway The 380-kV switchgear includes six single-pole 
station, a distance of about 40 miles. A special circuit-breakers and enables each transformer gioup 
trailer w'as built for this purpose and strengthening to be connected to the line through its own circuit- 
of the bridges and roads was also necessary. The breaker or the twro to be joined together and 
switchgear at Midskog includes nine single-pole connected through one of the circuit-breakers. At 
circuit-breakers for controlling both the north both Midskog and Hallsberg the switchgear is 
and south bound lines and the connections to the protected by overhead earth wires and care has 
main transformers. been taken to make the “ earths ” up to a distance

At Hallsberg, which forms the present termination of three miles from the station of exceptionally low 
of the 380-kV line, the voltage of the power trans- resistance. At each of the tliree stations, two 
mitted from Harspranget is stepped down and fed diverters are installed near the transformers.
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(1021.P.) into the existing 220-kV network, as shown in Fig. 3, 
on page 748. Two transformer groups are installed 
for this purpose, one of which consists of three 
100/100 /50-MVA single -phase auto-transformers with 
voltage ratios of 400V/3/225A/3/21-5 kV, and three 
single-phase regulating transformers with voltage 
ratios of 21 • 51^20^/3 kV. Each regulating trans­
former carries a w'inding which is connected in 
series with the 220-kV winding of the main trans­
former and an excitation winding which is supplied 
from the tertiary winding of the main transformer, 
to which it is solidly connected.

The main transformers have three leg cores, 
of which only the centre one is wound, 
connection of the 380-kV and 220-kV windings has 
been employed with a view to reducing both the 
cost and reactance and cutting down the losses. 
In addition to exciting the regulating transformers 
the tertiary windings on the main transformers also 
supply a 20-kV ’bus-bar whence power is trans­
mitted to two 60-MVA reactors, a synchronous 
condenser with a rating of 75 MVA when over­
excited, and two 1-5-MVA transformers for local 
supplies. A second synchronous condenser is being 
installed and, when this is in use, the bus-bar will 
be sectionaliscd and one synchronous condenser, 

reactor and one local transformer will be

All Dimensions in mm.

flash-over clearance across the string of 115 in. 
and a total length from the cross-arm to the centre 
of the conductor of 13- 8 ft. The total length of the 
double string is 15-3 ft. The impulse strength of 
the single string is 1,580 kV, when exposed to a 
1/50 positive impulse wet test. The second insu­
lator is of British make and is of glass. It is 
employed when the loading exceeds 4 tons but is not 
greater than 5-5 tons. The single string consists of 
22 discs spaced at 6-23 in. In this case, the flash- 
over clearance is 119 in., and the impulse strength 
1,620 kV. Triple strings of these insulators are 
used at the anchor towers. The third insulator, 
which is also of porcelain for a 4-ton maximum 
load, is of American manufacture. The single 
string consists of 23 discs with a spacing of 5- 75 in., 
a flash-over clearance of 113 in., and an impulse 
strength of 1,560 kV. In all cases the voltage 
stress across the lower elements is reduced to a 
safe value by the use of grading rings, as shown 
in Fig. 18. The same illustration shows the 
arcing horns which are fitted at the upper end of 
the string. Each string carries a yoke to which 
standard cable clamps are secured and these clamps, 
in turn, carry the double conductor. As can be 
seen in Fig. 13, Plate LIX, the cables are provided 
with protective w'rapping to prevent damage from 
vibration. Dampers are also fitted for the same 
reason on each side of the clamps. The lines which 
run through trackless forest took four years to 
complete, the work being carried out entirely by 
the State Pow'er Board. The greater part of the 
electrical equipment for the substations wras manu­
factured by Allmaima Svenska Elektriska A.B., 
who also gave valuable assistance in the design 
of the transmission system.

As will be seen from Fig. 2, on page 748, ante, the 
380-kV Harspranget-Hallsberg line is connected to

"ENGINEERING"

on

Auto-



78 4 ENGINEERING. Dec. 19, 1952.
Future Developments.

The Harspranget-Midskog section of the 380-kV 
line, which has just been described, was put into 
regular service on March 30, 1952, and the southern 
section followed a week later. Thereafter, extensive 
tests were carried out in order to study the switching 
conditions which might occur in operation. 
Measurements were also made of the disturbances 
caused to radio reception, the radio transmission over 
the line and the employment of the line for carrier- 
wave transmission. During these tests, 150 MW was 
transmitted over the whole length of the line, while 
the simulation of switching conditions which might 
be met with during both normal and abnormal 
operation showed the correctness of the calculations 
made with regard to stability, voltage rise and 
reactive power. More recently, measurements have 
been made both of parasitic disturbances and corona 
loss, while the value of the over-voltages which 
occur when the load on a long line is cut out 
being verified experimentally ; at the same time 
the switching equipment is being tested.

As regards the future, further 380-kV lines will 
be required for transmitting power from new stations 
immediately to the north of Midskog. These 
stations include one at Storfinnforsen (100 MW), 
which will be connected to the existing line about 
35 miles north of Midskog, and at Kilforsen 
(240 MW) from which power will be transmitted 
over a 380-kV line 21 miles long to Storfinnforsen. 
This line will subsequently serve as a ’bus-bar for 
all the large power stations in the district. Later, 
a further line will be constructed from Kilforsen to 
Enkoping, as shown in Fig. 20, page 783, where the 
voltage will be stepped down to 220 kV.

As mentioned on page 585, ante, a 140-MW 
power station is being constructed at Ligga on the 
Stora Lule Alv immediately to the south of 
Harspranget and will be connected to the existing 
380-kV line, the carrying capacity of which 
between Midskog and Hallsberg will be increased 
from 450 to 700 MW by the installation of series 
capacitors. It is also proposed to extend the 
380-kV line from Hallsberg to Gothenburg and 
thence to Malmo, as well as to build a new line from 
Storfinnforsen to Gothenburg, a distance of about 
430 miles, and a further new line from Enkoping to 
Norrkoping. Later still, extensions of the system 
are envisaged up to the time when all the water 
power economically available has been developed.

Those new 380-kV lines will exhibit some novel 
features.* As a result of experience, it has been 
decided to lower the insulation level from 1,775 to 
1,500 kV, thus reducing the cost of a substation 
with two transformer sets and three 380-kV lines by 
about 8 per cent. While the present arrangement 
of conductors seems to be the most economically 
favourable and will be retained, the transmission 
capacity of the lines will be increased by the instal­
lation of series capacitors on an extensive scale. 
It is anticipated that in this way it will be possible 
to increase the stability to 800 MW per line. The 
cross-section of the conductor will then probably 
have to be increased by adding a third cable. 
Auto-connected transformers will probably be 
employed to convert the voltage from 380 to 130 kV. 
This will mean the direct earthing of the neutrals of 
the 130-kV networks, as opposed to present 
Swedish practice, and the adoption of extensive 
protective measures for the telephone and low- 
voltage installations. As regards the new generating 
stations, that at Ligga will be equipped with 
380-kV three-phase transformers as well 
low oil-content circuit-breakers. New types of air- 
blast circuit-breakers will be installed on the 380-kV 
network.

mechanical friction and lubrication, but the more 
fundamental work has been directed to the properties 
of surface films comprised of long-chain compounds, 
and the surface tension of solids. As exemplifying 
work of the more practical sort having immediate 
engineering applications, a precise evaluation of 
bearing performance has been completed over a 
wide range of operating conditions, showing that 
the maximum load-carrying capacity and the mini­
mum friction of white-metal bearings can be 
achieved only with the highest geometrical accuracy 
of manufacture, associated with extremely careful 
alignment. From other lubrication experiments, 
in which the stability of the oil film between a 
piston ring and its cylinder wall is being appraised 
by continuous measurement of the electrical resist­
ance of the film, it appears that, under normal 
warm-engine operating conditions, the oil film is 
maintained even though no more than a minute 
quantity of oil is present. The film, however, 
always breaks down with the change in direction of 
piston movement at top and bottom dead centres. 
The most adverse condition in a petrol engine is 
that of being started cold, when condensation of 
petrol on the cylinder walls may completely rupture 
the oil film and, for as long as severals minute, 
prevent its reformation. Similarly, it has been 
shown in the laboratory that an adsorbed water 
film on a polished metal surface has a considerable 
influence on the rate of spreading of oil.

The formation of surface films of polar long-chain 
substances on solid surfaces by adsorption from 
solution is being investigated by direct measure­
ments on metal oxides, for which contamination 
difficulties are less troublesome than in the case of 
metals. The industrial technologies of powder 
metallurgy and sintering processes demand the 
fullest possible understanding of the surface energy 
of solids. This subject is being experimentally 
investigated, therefore, by measuring the length 
changes in fine wires under prolonged tension at 
high temperatures. Wires a few thousandths of an 
inch thick, extruded in vacuo, are maintained at a 
temperature slightly below the melting point, and 
the tensile force is measured which just balances 
the contraction due to surface tension. Electrolytic 
polishing is another industrially important techno­
logy, the basic mechanism of which had been under 
investigation for some years, and is still being 
studied. It appears from recent experiments that 
the polishing is due to the formation over the metal 
surface of an oxide film which becomes covered 
by a viscous liquid layer of the products of electro­
lysis. It follows, therefore, that the sui'face of an 
electrolytically polished metal surface is always, 
and inevitably, contaminated with oxide.

SCIENTIFIC RESEARCH IN 
AUSTRALIA.

Continued from, page 765.)

An increasing research effort is now being directed 
towards the utilisation of Australia’s low-rank 
coals. The year under review has seen the com­
pletion of a new laboratory for this work, where 
methods are being developed for the complete gasifi­
cation of Victorian brown coal, whereby it is intended 
to produce gas suitable for the synthesis of liquid 
fuels and chemicals, as well as town’s gas of high 
calorific value for urban distribution. A new fluid- 
bed gasification unit, incorporating numerous 
improvements, has been constructed to provide 
quantitative data on the influence of operating 
variables on the performance of fluid-bed systems.
A pilot plant has also been designed for research 
into the effects of operating pressures up to 
20 atmospheres.

The scope of industrial chemistry is further 
exemplified by investigations of foundry sands, 
which include surveys of Australian sand deposits, 
study of sand cores to develop improved organic 
core binders, and experiments with Australian 
bentonite clays to determine in what applications 
they can supersede imported bentonites for the 
production of synthetic moulding sands. Many of 
these and other similar researches present problems 
associated with the peculiar properties and behaviour 
of fine particles. One such problem to which 
attention has been given is the separation of finely 
divided solids from either gas or liquid suspensions.
Some results obtained from tests with dilute suspen­
sions have been applied to the design and construc­
tion of a centrifugal dust and mist separator, by 
which, it is expected, small particles will be segre­
gated with relatively little consumption of power.
In the case of particle examination by air-borne 
elutriation, a tendency for the finer fractions to 
adhere to the glass walls of the elutriator has been 
troublesome during the examination of gypsum 
for use as a constituent of plaster. Irradiation of 
the gas elutriator, with the idea of destroying electro­
static charge, has not proved entirely successful, 
and it has been necessary to remove the finest 
particles by a special preliminary treatment before 
submitting the remainder of the experimental 
samples to orthodox fractionation.

The metallurgical research of the organisation is 
mainly of a physical character, and has been 
specially concerned of late with the metallography 
of the alloys of titanium. An investigation, by the 
hydrogen-pressure method, of the allotropic trans­
formation in alloys of pure titanium with vanadium, 
chromium, manganese, iron, cobalt and nickel, 
respectively, has shown that the temperature is 
depressed by all these elements. Other work, on 
the effects of age-hardening on the mechanical 
properties of titanium when alloyed with 6 to 10 per 
cent, of iron, has revealed that, though these alloys 
are not hardened by quenching, they respond "to crystal re-arrangements after plastic deformation, 
subsequent heat treatment at temperatures between The lattice distortions due to deformation manifest 
350 deg. and 400 deg. C. The addition of oxygen to 
titanium has been found to raise the allotropic 
transformation temperature and to increase tensile 
strength, with some reduction of ductility. The 
absorption of oxygen and other gases by titanium 
has led to a research, now in hand, on the kinetics of 
gas reactions with this metal at various tempera­
tures. In view of the great reactivity exhibited at 
temperatures above 500 deg. C., it is important to 
ascertain how titanium and its alloys will react at the % direct measurements. The energy stored in the 
high temperatures to which they may be exposed deformation of a metal is liberated by annealing 
in engineering service. A new method has been and can he measured as the difference between the 
developed for producing metallic titanium by the 
electrolysis of titanium trichloride, dissolved in a 
molten halide mixture. The only other metals to 
be specially studied during the year are lead 
alloys, for which the complex relationship between 
thallium content and creep rate, and the mechanism 
by which slow deformation occurs under prolonged 
stress, are the subjects of long-term research.

are

Also subject to long-term research are various 
aspects of metal physics associated with crystalline 
structure and plastic deformation, the special 
objectives here being to learn more than is known 
at present about the defects of crystalline lattices 
which give rise to dislocations, and about the

themselves by a broadening of the lines in X-ray 
diagrams. To obtain more precise information 
about the exact shapes of such lines, a technique 
employing strictly monochromatic radiation is now 
being successfully employed, the resulting low- 
intensity X-ray lines being detected by Geiger 
counter spectrometers. From the line shape, the 
energy associated with lattice distortions can be 
calculated and is correlated with values obtained

specific heats of a specimen in the deformed and 
fully-annealed conditions. To determine this very 
small difference, a highly sensitive method, involving 
a differential milliwattmeter and automatic tem­
perature control within 0-1 deg. C., is giving results 
accurate to about 5 per cent., such that effects of 
the grain size of the metal, the characteristics of the 
deformation and the previous history of the specimen 
can be observed.

as

------------------------------------ ------——______________ Those properties of metals which affect frictional
* See A. Rusck, B. G. Rathsman and G. Jancke, “ The ,and surface phenomena are the special study of the 

Swedish 380-kV System,” Conference Internationale des Tribophysics Division, which has recently acquired
Grands Reseaux Electriques k Haute Tension. Paper an electron-diffraction camera to assist its researches. I for wires of several metals and alloys, drawn at 
No. 404 (1952). I These have included various practical aspects of 1 temperatures ranging from —183 deg. C. to +100

In another related research, the effects of cold 
work on electrical resistivity have been measured
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GATEHEAD PROTECTIVE 
CANOPY FOR COAL MINES.

GATEHEAD PROTECTIVE CANOPY FOR MINES.

We illustrate on this page a gatehead safety 
canopy that has been developed at Gedling Colliery 
to give protection to men engaged on the work 
of taking down the rock ledge left behind by the 
advance of the coal face. When a new shallow 
seam is being worked, a rock ledge is left that has 
to be cut away so that a full-height roadway can 
be extended up to the working face. This locality, 
at the end of the gate road, is known as the gate- 
head, and there is always a danger of an accident 
at this point due to falling debris; temporary 
protection is therefore required until the per­
manent support can be erected. Prior to the 
introduction of the canopy, protection was ob­
tained by lashing up a shield from materials to 
hand. It is claimed for the gatehead canopy 
that it provides the necessary temporary support 
and protection more quickly and easily than other 
possible methods.

The canopy comprises an undercarriage, fabricated 
from steel joists, supporting a sliding shield made 
from heavy timber slats spanning between two 
steel arches. A steel rack, hinged to the leading 
arch, gives support to the ripping face. The 
bottom members of the undercarriage are formed as 
skids to reduce the difficulty of pushing the whole 
frame forward to the rock ledge; where the floor 
of the road is clear and level this can be done by 
levering the frame but, where rougher conditions 
obtain, jacks are used, working off convenient skew- 
backs. After shot firing, the canopy is pushed 
into the unsupported area to give protection while 
the debris is cleared away to allow the framework 
to be moved forward and made ready for the next 
ripping shift. The permanent supports for the 
roof of the road are erected immediately behind 
the shield.

So far, four gatehead canopies have been built 
and are in use at Gelding Colliery, and as more 
become available their use will be extended through­
out the East Midlands division of the National Coal 
Board. The canopy was developed by Mr. C. 
Round, until recently manager of the Gelding 
Colliery and now sub-area manager of No. 6 (Best- 
wood) Area, and Mr. C. K. Woodhead, a fitter at 
the colliery. The work of Mr. Round and Mr. 
Woodhead has been recognised by the Board’s 
Awards Tribunal, who are empowered to make 
payments for inventions by members of the Board’s 
staff.

criticism of engineering designs. Examples of more 
specific assistance to industry include the examina­
tion of gear-hobbing machines, and the measure­
ments of a gear, 12-ft. in diameter, and its mating 
pinion. A recent acquisition is a linear dividing 
engine, of 40 in. capacity, which has been used for 
ruling scales, graticules and surface-texture stan­
dards. Service to professional surveyors, some of 
whom are in State Departments, will shortly be 
increased by the completion, now in progress, of a 
geodetic base with which it will be possible to 
calibrate surveying tapes to the accuracy (of the 
order of one part in a million) requisite for tri­
angulation base lines.

A paper due for publication in the near future 
describes the theory, experimental production and 
application of multiple-beam reflection interference 
fringes with transmission-like characteristics. This 
interferometric technique offers several important 
advantages over ordinary methods involving reflec­
tion fringes, and it has been studied in detail by the 
metrology staff, who have employed it with 
conspicuous success for vibration measurements and 
for problems in the structure of metal surfaces. 
Some of this admirable and valuable work doubtless

deg. C. and tested at the same temperatures. The 
general outcome has been to show that, the higher 
the temperature at which deformation (in these 
experiments due to drawing the wires) takes place, 
the smaller is the consequent increase of electrical 
resistivity. The reasonable explanation advanced is 
that, at high temperatures, the dislocations in the 
metal lattices are more mobile and can diffuse more 
readily out of the crystals. When resistivity is 
plotted against temperature, the curves for annealed 
and deformed wires are nearly parallel.

An associated, but more specific, investigation 
of the relative deformation of the phases in duplex 
brass has also been performed by drawing wires of 
widely varying composition, the temperature at 
which re-crystallisation begins being used as an 
index of the degree of deformation. The growth of 
new crystals during re-crystallisation of deformed 
metals has been examined by the use of polarised 
light, but was found too erratic, for reasons which 
are not clear and are being sought by an experi­
mental attempt to correlate the inhomogeneity of 
deformation with the mode of re-crystallisation. 
The extremely rapid mode of phase change in 
metals which can occur, as in the hardening of 
steel by the formation of martensite, in such a way 
that no interchange takes place in the position of 
neighbouring atoms, has been studied by a new 
technique in which movement of the atoms during 
phase transformation is deduced from various 
observable features, notably change in external 
shape. The same technique is now being used 
to examine the effects on external shape of phase 
changes due to thermally activated diffusion. 
From such investigations of the order-disorder 
transformation in a copper-gold alloy, and of the 
precipitation in supersaturated copper-beryllium 
alloys, it appears that the mechanisms by which 
nucleation-growth, on the one hand, and trans­
formations of the martensite type, on the other, 
may not differ very fundamentally.

Many researches of interest to engineers and 
physicists are associated with the Australian 
National Standards Laboratory, established in 1938 
in the grounds of the University of Sydney, 
primarily to enable the Weights and Measures 
Administration of the Australian States to be based 
on unique Commonwealth standards. The statutory 
functions of the Laboratory, in maintaining, testing, 
and calibrating primary and sub-standard equip­
ment, are carried out by the Divisions of Metrology, 
Physics and Electrotechnology, upon which devolve 
a good deal of experimental work as well as the 
duties of assisting industry and promoting the 
extended use of standard measures and practices 
throughout the Commonwealth. The Metrology 
Division, for instance, is expected to assist industrial 
education in such matters as the application of fine 
measurements to production engineering, or the

Effluent Channel formed by Explosives.—By 
the use of explosives, Imperial Chemical Industries Ltd. 
have made achannel 8 ft. wide and 1,200 yards long near 
the mouth of the River Tees to cany away the effluent 
from their Wilton Works. Owing to the nature 
of the ground, it was not possible to construct 
the channel by conventional methods, and it was 
therefore decided to place explosives, about 2 ft. 
below the surface, along the whole length of the pro­
posed route. The charges were fired simultaneously.

Marking of Imported Goods.—With the return to 
normal commercial competition, the law relating to 
the marking of imported goods, which lost much of 
its relevance in the abnormal conditions of the war­
time and immediately post-war period, has regained its 
pre-war importance. Hence, the Board of Trade have 
issued regulations concerning the marking of imported 
goods, which regulations have recently come into 
full force again. A list of the goods which are the sub­
ject of Orders in Council can be obtained from the 
Board of Trade, Industrial and Manufacturing Depart­
ment, Horse Guards-avenue,
S.W.l.

owes its origin to the fact that practical experiments 
in Australia on wavelength standards of length are 
still delayed by the difficulty of obtaining, from 
overseas, materials for the construction of the 
essential apparatus. It is hoped that, very shortly, 
it may be possible to acquire some radiant sources 
of the artificially-produced isotope mercury 198, 
which will be used for the realisation of a length 
standard in terms of the wavelength of light.

An interesting metrological technique follows an 
investigation of the factors conducive to the 
buckling of thin specimens subjected to lapping 
operations. As the outcome, some slip gauges of 
nominal thicknesses 0-01 in. and 0-02 in. have been 
entirely machine-made, and are of the highest 
quality as regards flatness and parallelism of the 
measuring faces.

(To be continued).

Whitehall, London,
Almanacs and Calendars.—Wall calendars with 

tear-off sheets showing on each the current month in 
heavy type, and the preceding and following months 
in smaller type, have reached us from the Allis-Chalmers 
Manufacturing Co., 728, Salisbury House, London 
Wall, London, E.C.2 ; Aveling-Barford Ltd., Invicta 
Works, Grantham, Lincolnshire ; Brook Motors Ltd., 
Empress Works, Huddersfield; Davidson & Co., Ltd., 
Sirocco Engineering Works, Belfast; C. A. Parsons & 
Co., Ltd., Heaton Works, Newcastle-upon-Tyne, 6; 
A. V. Roe & Co., Ltd., Greengate, Middleton, Man­
chester ; and G. Savitt & Sons, Ltd., 20, Brewer- 
street, London, W.l. A desk diary, having one week 
to each page, has been received from the British 
Oxygen Co., Ltd., Bridgewater House, Cleveland-row, 
St. James’s, London, S.W.l.

Combined Nesting and Stacking Trays.—We 
have received from Messrs. James Hustler and Son, 
Ltd., White Lund, Morecambe, Lancashire, particulars 
of their “ Nestak Tote Box,” for the holding and 
conveyance of stores, small components, etc. The 
boxes are rectangular in plan, with sloping sides and 
ends so that they can be nested when empty, and are 
fitted with carrying handles which can be turned 
inwards, in which position the handles serve as brackets 
to support another similar box, so enabling them to be 
stacked. The boxes are available in four sizes, and can be 
supplied in mild steel, light-alloy sheet, or perforated 
metal, suitable for use in degreasing or plating opera­
tions, etc.
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use of these important constants, which would shed 
I'ght on practical applications, so that he looked 
forward to developments in this work. Turning to 
the paper on “ The Free Energy of Formation of 
Magnesium Phosphate,” also by Dr. Bookey, the 
practical problem was here stated with greater 
clarity. Despite numerous investigations of the 
equilibria between liquid iron, containing phos­
phorus, and slag of various complex constitutions, 
the relative roles of lime and magnesia in effect:ng 
dephosphorisation were still not clear. It would 
be an advantage to elucidate this question.

As a practical man, he viewed the two papers on 
soda slags with certain misgivings, bearing in mind 
the bad effect of soda on almost all steelworks 
refractories. The paper on the thermodynamics of 
sulphides, by Dr. F. D. Richardson and Mr. J. H. E. 
.Teffes, again provided knowledge which would be 
useful if further steps could be taken to elucidate 
the mechanism of desulphurisation in the steel- 
mak:ng processes.

Mr. D. A. Oliver stated that, sooner or later, the 
practical steelmaker would have to become accus­
tomed to thermodynamic notation. It was, how­
ever, a tragedy that thermodynamics had managed, 
somehow or other, to “ give birth to about three 
lends of algebra,” and various authors used different 
symbols. These problems were holding up advance 
in application.

In their general conclusions, Dr. Tombs and Dr. 
Welch stated that the results now reported estab­
lished that silicon monoxide might be expected as a 
normal product of reduction of silica (or silicates) at 
temperatures in and above the steelmaking range, 
and the thermodynamic data given were sufficient 
to predict the behaviour of silicon monoxide in at 
least the simpler reactions. Unfortunately, com­
mented Mr. Oliver, the steelmaker did not have 
simple reactions, and, in view of the increased use 
of the oxygen lance, he might expect to get far 
more of this silicon monoxide in the future than he 
had ever had in the past.

Mr. P. Walker asked Mr. Jackson two questions, 
namely, what was the minimum amount of man­
ganese which he would consider as suitable for his 
process, and what modifications, if any, did he 
make in his practice, either at the blast furnaces 
or in the melting shop, when his active mixer was 
off for repairs. The next speaker, Mr. V. Giedroyc, 
said it was clear that it could not be expected 
that an active mixer could play two roles, to remove 
silicon and to desulphurise the iron. It was true 
that flotation of manganese sulphide could lower 
sulphur in the metal, but this method was expensive 
and wasteful. It became increasingly important, 
therefore, to remove sulphur before the metal was 
transferred to the mixer. Many steel plants were 
already doing this by using the soda-ash process 
with varying degrees of success. An alternative 
method of desulphurisation using solid lime would 
seem to be more satisfactory, but had not yet been 
sufficiently tried on a works scale. Not only could 
the problem of sulphur removal be solved by the use 
of solid lime but also the other problem, that of 
blast-furnace slag finding its way into the mixer. 
Mr. Jackson had emphasised the deleterious effect 
of this slag. If a teapot ladle, filled with lime 
coated coke or some similar material, were placed 
between the transfer ladle and the blast-furnace 
runner, not only was a considerable degree of 
desulphurisation achieved, but also all traces of 
blast-furnace slag were removed. Desulphurisation 
by soda ash was widely used, but its application 
was not really standardised, so that it was often 
the source of trouble. Some firms used soda-ash 
mixed with lime as a desulphurising agent. In the 
light of the work of Dr. W. R. Maddocks and Dr. 
E. T. Turkdogan, this practice seemed to be correct, 
since, when a limey slag was formed, the unreacted 
sodium oxide could not be retained and was at least 
partially volatilised. In this way the destruction 
of the open-hearth roof could be diminished. It 
would certainly be useful to investigate what were 
the optimum conditions for the soda-ash process.

Dr. A. H. Leckie stated that the connection 
between Mr. Jackson’s paper and the others was 
really very much closer than most persons would 
gather from the discussion. Magnesium would 
desulphurise iron very effectively, but apparently

it was too costly, even when the reaction was 
calmed down a little by adding lime. That was 
also, probably, the main objection to calcium. 
Both calcium and magnesium had boiling points 
rather close to the temperature of the p:g iron, so 
that they vaporised readily. Cerium had a higher 
boiling point, and that was why it was possible to 
get it into the iron rather more read’ly, as Mr. H. 
Morrogh had done in his nodular-iron experiments. 
If steel men wanted to use cerium, supplies might 
be easier to obtain than in the past.

Dr. T. P. Colclough sa;d that the day constituted 
a milestone for a great deal of work which B.I.S.R.A. 
investigators had been doing over the last five years, 
and it was satisfactory that the work had reached 
a stage at which the data collected were precise 
enough for some practical lessons to be learned 
from them. By reading Mr. Jackson’s paper, 
steelmen had a very much better p'eture of what 
was happening in mixers than was the case two or 
three years ago. It was of particular importance 
to note the emphasis which had been put on the 
fact that it was apparently impossible, in a mixer to 
desiliconise and desulphurise at the same time. 
In view of the growing amount of p;g iron which 
must be used per ton of steel made, it became of 
increasing importance to focus attention on methods 
of encompassing, probably separately, a reduction 
of silicon and a reduction of sulphur.

Mr. 3). J. O. Brandt stated that Mr. Jackson 
had shown that it was not easy to desiliconise with 
oxygen or iron-oxide scale in the ladle or in the 
mixer owing to mechanical difficulties, and he had 
said that if he tried lanc:ng oxygen into the ladle 
there was considerable difficulty with fumes. Up 
to a point, these difficulties had been overcome on a 
small scale, and it had been done very successfully by 
Mr. Emrys Davies, at the works of the Brymbo 
Steel Company, where the shop had to be operated 
on direct metal because there was no mixer. 
Brymbo had a small blast furnace which yielded 
only 18 to 20 tons at each tap and made about 
100 tons a day. The open-hearth furnaces were of 
between 40 and 80 tons capacity. Each furnace 
took about 20 tons of hot metal, and the rest of 
the pig charge was added cold, the remainder, 
about 50 per cent., being scrap. Over the past 
year there had been successfully developed a system 
of desiliconisation in a special transfer ladle, using 
an oxygen lance, before the metal went into the 
open-hearth furnace. By means of the oxygen 
lance, the silicon, which, to begin with, was between 
1-2 and 1-3 per cent., was brought down to about 
0-5 per cent. About one-quarter to one-third of 
the manganese, which was usually from 1-2 to 
1-3 per cent, to start with, was lost, but quite 
considerable and very useful sulphur elimination 
was obtained at the same time. This was chiefly 
due to the fact that, before the metal was charged 
to the transfer ladle, some limestone was put in the 
bottom, with a little fluorspar.

Dr. F. D. Richardson, in a brief reply to the 
discussion, said that there was no other way of 
representing all the data than by heats, entropies 
and free energies, and the industry would reap 
the benefit of all this work when the new, 
young metallurgists who were learning their subject 
in this way went into the works, where they could 
use, in solving their problems, the information 
which was being built up. It would not solve a 
problem immediately, but it would indicate the 
lines along which to find a solution. Mr. Evans 
had referred to the roof wearing away owing to SiO 
formation. If there were unburned CO in contact 
with the roof, as for instance if the ratio CO : C02 
was 100 : 1, and with large volumes of gas passing, 
quite large proportions could obviously be carried 
away. Mr. A. Jackson also briefly replied and the 
meeting was adjourned until the following morning.

(To be continued).

THE IRON AND STEEL 
INSTITUTE.

(Continued from page 766.)

Continuing our report of the autumn general 
meeting of the Iron and Steel Institute, we deal 
with the afternoon session of Wednesday, Novem­
ber 26, which w'as devoted to the discussion of ten 
papers concerned with “The Thermodynamics of 
Steelmak ng.” The papers were presented during 
the morning session and were given in abstract 
form on page 765, ante.

The Thermodynamics of Steelmaking.
Mr. W. A. Cameron, who opened the discussion, 

stated that Mr. A. Jackson’s paper, from the details 
given of modern mixer practice and the record of 
experimental work on the treatment of molten metal 
between the blast furnace and the mixer, was of 
immediate value to the industry. It was interesting 
to note that recent results given indicated that the 
work done in the mixer was equivalent to a reduction 
in the metallurgical load in the open-hearth furnace 
of about 40 per cent. This was based on potential 
slag volume when using mixer metal as compared 
with direct blast-furnace iron, assuming that no 
primary slag was removed. A reduction of this 
order should mean increased output from steel- 
making furnaces, which would vary with the iron 
burden used, being probably negligible at 30 per 
cent., or under, but reaching the value of 25 per cent, 
given by Mr. Jackson on a 75-per cent, hot-metal 
burden.

Mr. R. W. Evans stated that in spite of the 
progress made in elucidating the physics and 
chemistry of processes at high temperature, steel­
making was still largely an art and not a science. 
The perfection of flow and temperature measuring 
techniques had enabled operators to exercise more 
control, but even now, some 80 years after the 
first heats had been made in Bessemer converters 
and in open-hearth furnaces, steel metallurgists 

still far from being able to make their results 
scientifically reproducible. Surely, therefore, the 
steelmaker, above all other manufacturers, had a 
need of exact qualitative and quantitative know­
ledge of the high-temperature reactions which 
governed the efficiency and economy of his pro- 

One of the difficulties, however, was to

were

cesses.
transfer fundamental conceptions and results to 
practical applications in the steelmaking processes. 
It must be borne in mind that a great deal of work 

now being done all over the steelmaking world 
these problems. Thus it was necessary that steel 

men should have means of making quick and 
accurate measurements and analyses if they were 
to avoid a situation developing in which a large 
amount of useful knowledge was available but they 

unable to put it to practical use.
The average open-hearth operator had not the 

time, nor in many cases was he equipped technically, 
to deal with conceptions such as were embodied in 

thermodynamics. Consequently,

Avus
on

were

the papers on 
another step must be taken, also at a fairly high 
theoretical level, by which these conceptions could 
be translated into ideas which would definitely 
help the open-hearth operator. Referring first to 
the paper by Dr. N. C. Tombs and Dr. A. J. E. 
Welch, it seemed possible, in an open-hearth 
furnace, for the silica roof material to be dissipated 
as gaseous silicon monoxide. There was some 
evidence in practice that this did take place. For 
instance, a silica roof wore rapidly in a reducing 
atmosphere, and in the early stages of working on 
a 150-ton furnace, fired with 100 per cent, cold 
coke-oven gas, the interior surface of the roof 
rapidly disappeared. It was puzzling to know 
where it had gone, as the slag composition did not 
confirm that it had all dropped into the bath. It 
might have been evolved as SiO which was later 
re-oxidised to silica. If this were possible, it would 
add greatly to knowledge of this very worrying 
feature of silica roof wear. The free energy of 
formation of tetracalcium phosphate was the sub­
ject of a research described in a paper by Dr. J. B. 
Bookey. This by itself was of no more use to the 
open-hearth manager than the nitrogen in his com­
bustion air; it would be the further steps, making

Bankside Power Station.—The British Electricity 
Authority announce that the first two oil-fired boilers 
and the initial 60-MW generating set in the new 
Bankside power station in London will begin commer­
cial operation within the next few weeks and will 
provide a limited amount of electricity at periods of 
heavy demand during the winter. Owing to diffi­
culties in obtaining cast-iron casings, the flue-gas wash­
ing plant will not be ready for three or four months.
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THE SMITHFIELD SHOW. HIGH-SPEED TESTING OF 
AIRCRAFT TYRES.

For many years, the Dunlop Rubber Company 
have used, at their works at Fort Dunlop, Birming­
ham, a special type of machine for testing, at speeds 
up to 420 miles an hour, racing tyres for motor cars. 
Tyres designed for this purpose have a low “ drag ” 
or rolling resistance, and are comparatively lightly 
loaded, so that adequate power for testing can be 
provided by a 150-h.p. electric motor. Aeroplane 
tyres, however, are subjected to different working 
conditions, involving a combination of loading 
and speed which made it impracticable to 
use the existing machine for testing them, or to 
redesign it for that purpose. This is particularly 
the case with tyres intended for use on modern jet 
aircraft, with high landing speeds, which impose 
on the tyres a very rapid acceleration of rotation 
together with heavy loading. The firm have there­
fore designed and constructed an entirely new test­
ing machine, stated to be the fastest of its kind in 
the world, which can test tyres at speeds up to 
300 miles an hour, under loads up to 8 tons. It is 
capable of dealing with tyres ranging in size from 
17 in. to 37 in. tread diameter, at revolutions up to 
3,000 a minute, and can reproduce all the landing, 
taxi-ing and take-off conditions likely to be 
countered by the tyres of present and prototype 
jet aircraft.

As can be seen from Figs. 1 to 4, on pages 788 
and 789, the machine has two parallel axles 
which are mounted the wheels carrying the tyres 
under test, and which can be pressed together while 
being driven through gearing by a Rolls-Royce 
Merlin 724.S aero-engine, having a maximum 
output of 1,725 brake horse-power at 3,000 revolu­
tions per minute and a boost pressure of 20 lb. per 
square inch. With 14 lb. boost, the engine has a 
continuous output of 1,300 brake horse-power at 
2,850 r.p.m. It is provided with oil and coolant 
heat-exchangers and a water-cooled exhaust system. 
As the airscrew shaft of the engine runs at 0-42 of 
the crankshaft speed, it is connected by a torque 
tube to a speed-increasing gear, with a ratio of 
0-42 to 1, so that the testing machine is driven at 
the crankshaft speed.

en-

on
Fig. 11. “Major” Commercial Tractor; Ford Motor Co., Ltd.

3 ft. wide, from which it is taken by a chain-and-rake 
elevator to a beater which, in turn, feeds the drum. 
This has a diameter of 18 in. and incorporates eight 
ribbed-type beater bars, the normal drum speed 
being 1,320 r.p.m. An alternative sprocket is 
available, which, when installed, gives a drum 
speed of 730 r.p.m. A wired-type concave is 
used ; this has 10 bars and blanking plates are 
supplied for small seeds. The riddles, casings and 
trays are longitudinally divided to give even 
dressing by air blast, particularly on hillsides or 
sloping ground. There are three bagging spouts, 
two for best-quality grain and one for small seeds 
and dust. The machine is driven by a Ford petrol 
engine developing 20 brake horse-power at 2,250 
r.p.m., the governed speed.

Self-Propelled Combine Harvester.
Massey-Harris, Limited, Barton Dock-road, Stret­

ford, Manchester, were also showing a new combine 
harvester, but in this case a self-propelled unit 
Known as the No. 780, the new unit, which is illus­
trated in Fig. 13, on page 792, has a width of cut 
of 12 ft. It is driven by an Austin six-cylinder or 
Morris four-cylinder petrol engine, both of which 
develop 56 brake horse-power at the governed speed. 
The drum, which is of the rasp-bar type, has a width 
of 32 in. and a diameter of 22 in. and the standard 
sprockets give speeds of 790 r.p.m., 900 r.p.m., and 
1,040 r.p.m. Other sprockets are available, however, 
to give speeds of from 380 r.p.m. to 1,160 r.p.m. 
There are four straw washers 37-in. wide and an 
escape grid is fitted between the concave and straw 
washers to allow grain to fall through to the grain 
pan instead of on to the straw walker. The table 
is fitted with a feathering auger which directs the 
cut crop into a three-chain vertical elevator, and can 
be adjusted in height electrically from 2 in. to 
28 in. There are 24 speeds which give a speed varia­
tion of from 1 to 7 miles an hour. Extra equipment 
available with the machine includes a pick-up reel, 
pick-up attachment, straw spreader and a Raussen- 
dorf press.

THE SMITHFIELD SHOW 
AND AGRICULTURAL 

MACHINERY EXHIBITION.
(Concluded from page 757.)

The Smithficld Show and Agricultural Machinery 
Exhibition, which closed on the evening of Friday 
last, December 12, was made the occasion by 
several manufacturers for the introduction of new 
machinery. The Ford Motor Company, Limited, 
Dagenham, Essex, were showing for the first time 
a new version of their Fordson Major tractor. 
Known as the Fordson Major commercial tractor, 
the new machine, as its name suggests, has been 
developed to meet the requirements of commercial 
users and is suitable for haulage duties in factories, 
docks, jetties, etc., and for shunting operations on 
railway sidings. The commercial tractor is illus­
trated in Fig. 11, above, from which it will be 
seen that it bears a close resemblance to its agri­
cultural predecessor. It can be fitted with either 
a Diesel or petrol engine, the former developing 
40-5 h.p. and the latter 39-5 h.p. at 1,600 r.p.m. 
There are six forward gears, the ratios of which are 
designed to give speeds of from less than 1 mile 

hour to more than 14 miles an hour. There are 
high and low reverse ratios, the latter being par­
ticularly suitable for manoeuvring in confined 

The tractor is fitted with foot and hand

The engine is started by means of a portable 
rectifier equipment. The controls are arranged to 
produce a direct movement of the boost-control 
lever at speeds from zero to 1,000 r.p.m. for various 
test conditions, and for starting and warming-up 
the engine. Between 1,000 and 3,000 r.p.m.,°the 
throttle is controlled through the medium of a 
de Havilland airscrew constant-speed unit, which 
delivers oil to a servo-cylinder forming part of the 
throttle link. Any change of load between 1,000 
and 3,000 r.p.m. therefore results in an automatic 
opening or closing of the throttle, so as to maintain 
a constant crankshaft speed. To deal with acci­
dental over-speeding, there is an electronic cut-off 
in the magneto circuits which earths both magnetos 
when a crankshaft speed of 3,080 r.p.m. is attained.

In contrast to racing-car tyres, aircraft tyres, 
a result of their light construction and their high 
deflection when running, have high rolling-resistance 
or “drag ” characteristics. This is the reason for 
the use of an engine of such high power; at a steady 
speed of 240 m.p.h., for example, the largest tyre 
that can be tested on the machine would

an

asspaces.
brakes, the former acting on the rear wheels and the 
latter on the transmission. The footbrake is 
specially powerful, the brake drums having a 
diameter of 14 in. and a width of in. Particular 
attention has been paid to the design of the drawbar 
attachment, which combines a simple automatic 
hitch with a spring to obviate snatch when taking 
up the load and is arranged so that there is no need 
for the driver to leave his seat when coupling or

require
more than 500 h.p. to drive it. The sudden appli­
cation of a drag load of this magnitude—such 
might occur during a landing test—requires a large 
reserve of power to ensure a reasonably constant 
speed; and a considerable excess of power is 
needed, also, to produce the desired acceleration 
when running loaded. The use of an engine such as 
the Rolls-Royce Merlin under such conditions offers 
substantial advantages ; it is small in size, gives 
the required speeds with a minimum of gearing, 
provides an extremely flexible drive, and is a self- 
contained unit; whereas an electric-motor drive 
would have been more expensive and would have 
increased the peak load on the factory system 
by some 10 per cent, and without giving the speed 
variations needed in testing aircraft tyres.

Hitherto, the only available method of securing 
actual performance data from tyres under the

as

uncoupling.
Tractor-Hauled Combine Harvester.

Marshall, Sons and Company, Limited, Gains­
borough, were showing their new combine harvester. 
This machine, which is known as the model 626, 
is illustrated in Fig. 12, on page 792. It is a tractor- 
hauled engine-driven unit having a 6-ft. cut and a 
3-ft. wide threshing drum. The four-bladed reel 
is engine-driven and its position is adjustable both 
horizontally and vertically. The cutting range is 
from 2 in. to 20 in. and the header is spring-balanced 
so that it rides uneven ground and returns auto­
matically to the preset cutting height. The crop 
is fed by an auger on to a short central canvas

Fighter Aircraft with “ Sapphire ” Engine.— 
The first Hunter fighter aircraft, designed and con­
structed by the Hawker Aircraft Co. Ltd., Canbury 
Park-road, Kingston-on-Thames, to be fitted with a 
Sapphire jet engine, has recently made its maiden 
flight. The Sapphire axial-flow jet engine is designed 
and constructed by Armstrong Siddeley Motors Ltd., 
Coventry, and an earlier mark of this engine has been 
type-tested at a static thrust of 8,300 lb. The 
Hunter F2, it is stated by the Hawker company, is 
faster than the Mark 1 Hunter.
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TESTING MACHINE FOR AIRCRAFT TYRES.
THE DUNLOP RUBBER COMPANY, LIMITED, BIRMINGHAM.

Fig. 1. View of Machine from Driving Side.

extreme conditions imposed by high-speed aircraft
has been to test them in actual service, the results 
of which are far from precise. With the new
machine, tests can be undertaken quickly, under
reproducible conditions, and in complete safety.
With the controls provided—which are grouped on
a main panel in the control room, as shown in
Fig. 4—it is possible to simulate automatically all
stages of a landing-test sequence, namely, impact
loading, load relief or “ float ” of the aircraft, and
the resumption of the load, equivalent to the static
weight of the aircraft as it rolls to a standstill, over
periods corresponding to those actually experienced
on a landing strip. In addition, many aspects of
tyre behaviour can be studied, underrunning condi­
tions, which it would be difficult to observe in
actual service, such as centrifugal growth, tyre
distortion during impact, wave phenomena, and
tyre deflection as a result of centrifugal stresses. The
tyres are loaded by a pneumatic cylinder, operating
at 300 lb. per square inch. Two tyres are tested in
contact, one wheel and tyre being mounted on an
overhung power-driven spindle (a nickel-steel forging)
and the other on a “ dead ” spindle, mounted on the
saddle of the machine. Both wheels run on S.K.F.
self-aligning roller bearings.

The tests which will be undertaken on the new
machine fall into three categories, namely, take-off
cycles, landing tests, and taxi-ing tests. In the
first-mentioned series, the tyres will be fully loaded
against each other and will be accelerated to the
take-off speed, the load being decreased meanwhile 
to zero ; but there will be one departure from a 
strict simulation of actual practice in that the tests 
of the larger types will start from a slow running 
speed and not from rest. This is necessary to avoid 
the risk of indenting the bearing races of the driving 
spindle by applying a heavy static load.

In the landing tests, the driving tyre, representing 
the ground, is set spuming at landing speed ; the 
idler tyre, at rest, is then rammed against the driven 
tyre for a short period, retracted for a further short 
period to simulate “ float,” and then reloaded during 
the run-down period. Automatic timers can be 
pre-set to govern the three stages of this test cycle. 
With pneumatic loading, it is not possible to 
reproduce the landing cycle exactly, as the initial 
bounce of the cycle takes between two and three 
seconds on the machine, but rather less than that in

Fig. 2. Tyres Mounted on Machine.

service. This difference is not important, as what 
is wanted is to produce the high shear stresses in 
the tyre when it is instantaneously jerked from rest 
to landing speed, together with the ensuing high 
impulsive load. Considering this part of the cycle 
only, the machine test is probably more severe than 
the tyre would encounter in practice, because of the 
longer period at maximum landing speed. During 
the running-down part of the landing cycle, the 
test departs from reality in that the engine is used 
to bring the tyres to rest; this is unavoidable, as 
it would be impracticable to brake the idler wheel 
against the driving wheel, i.e., against the engine. 
The machine was not designed to carry out any 
form of braking or energy absorption tests.

Taxi-ing tests are carried out at relatively slow

speeds under full load, with brief acceleration bursts. 
These tests are generally of longer duration than 
the take-off or landing cycles, as they represent a 
major part of the time, during the life of a tyre, 
when it is undergoing heavy flexing stresses. The 
tests proposed at present have been designed on the 
basis of speeds and tyre loadings as specified for 
the appropriate aircraft. Some of these aircraft 
being in the early prototype stage, it is likely that 
the testing speeds may be rather higher than will 
be regularly attained in service. The tests will 
enable a rapid assessment to be made of casing 
structural performance, trcad-to-casing bond 
strength, bead movement, tyre growth, and tem­
perature generation, in addition to the features of 
performance already mentioned.
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Fig. 3. Compressors and Heat Exchangers.

running. The equipment includes a range of idler 
spindles to accommodate actual aircraft wheels for 
all the tyre sizes to be tested. It is not intended to 
mount aircraft wheels on the driving member.

The use of solid steel wheels imposes enormous 
shear stresses on the tyre during the initial impact 
of the landing test, due to the very high inertia of 
the wheels. Precise calculations of the instan­
taneous torque necessary to jerk the idler tyre into 
motion are not possible at this stage, but the 
magnitude is such that the engine speed, without 
the constant speed unit, is brought down from near 
its maximum speed almost to stalling speed. Using 
a standard aircraft wheel for the idler type under 
the same conditions, the effect on engine speed is 
very small. Tread wear has already been shown 
to be rapid under landing test conditions when 
using the steel wheels.

The test house is comparatively small, having a 
floor area of only 950 sq. ft. Its main part, that 
containing the Rolls-Royce engine and the test 
machine, has walls of reinforced brickwork, 13J in. 
thick, and a reinforccd-concrete roof slab 6 in. 
thick, to withstand the vibration from the engine 
and machine, and as a safety measure in case the 
test wheel and tyre should fly into pieces from 
centrifugal force or excessive pressure.

The observation window consists of two sheets of 
armoured plate-glass, 1 in. and f in. thick, respec­
tively, set in a steel frame. In addition, to mini­
mise'the danger of damage from bursting tyres or 
wheels, a heavy curtain of 4-in. grommet torpedo 
netting, extending from floor to ceiling, surrounds 
the tyre mountings on the machine to protect the 
engine and equipment, and those working on it. This 
can be seen in Fig. 4. The engine bed was made 
9 ft. 6 in. deep, in concrete. The foundation was 
designed on generous lines because of the large 
amount of vibration and over-turning effect, due 
to the spuming and pressure of the test tyre. When 
a test is in progress, the two large roller shutters, 
11 ft. 6 in. high by 22 ft. long, forming almost the 
entire length of the two side walls, are opened in 
order to dissipate the effects of blast. In view of 
the possibility of the tyres catching fire and of the 
dangers arising from the use of high-octane fuel, an 
elaborate C02 fire-prevention system has been 
installed. It is operated from the control room 
and can envelop the engine and tyres, and fill the 
service trenches, with C02 vapour. The C02 is 
supplied from bottles in the engine

%
Fig. 4. View Through Observation Window, Showing Protective Netting.

heavier “ bump ” load will be possible for the first 
part of the landing, to be followed by the remainder 
of the cycle as previously outlined. This is an 
essential step, as the idler tyre assembly has much 
less inertia than a landing aircraft.

The rate of loading or retraction of the tyres is 
governed by adjustment of the control valves on 
the air supply. These valves are situated at 
present in the engine room and a modification 
is in hand to allow valve adjustments to be made 
from the control room. Adjustments during test- 
cycles will ultimately be made in unison with the 
automatic cycle-timing apparatus. Special steel 
wheels were designed to avoid wheel failures during 
the tyre tests. As a precaution, the wheels were 
tested up to 4,200 r.p.m. to ensure safety from 
centrifugal stresses developed during high-speed

The results of the tests will indicate, of course, 
how the tyres may be developed, but the immediate 
consideration is to perfect the machine itself. 
Developments are pending in three directions. 
Electronic equipment has been installed to enable 
approach velocities of the idler tyre to be measured. 
It will also enable some measurements to be made 
of tyre deflection and centrifugal growth, pending 
the installation of optical equipment early in the 
New Year. Secondly, alterations are to be made 
to the compressed-air circuit. At present, the 
idling tyre is loaded on to the driven tyre by 
supplying compressed air to the loading cylinder 
from two inter-connected air receivers, charged by 
a continuously-running air compressor. It is 
proposed to modify the compressed-air circuit to 
give two leading pressures; by this means, a room.
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warning that if, at the end of the boom, they 
not producing the most economically-built ships, they 
had no hopes of getting orders in a slack time. Lieut.- 
Colonel Smith added that Smith’s Docks would begin 
work shortly on a tanker of 18,000 tons, the biggest 
ship yet built at the yard.

Colliery Developments at Tynemouth.—Coal 
drawing is expected to commence soon at the new 
Rake Lane drift of the National Coal Board at Tyne­
mouth. About 130 minors will be employed and the 
output will be 200 tons a day. The Coal Board have 
been granted permission by Tynemouth Corporati 
to sink boreholes south of Shiremoor to determine 
the characteristics of the underlying seams. The 
Board state that the boreholes are not connected with 
any plans for further coal workings in the Tynemouth 
area.

Holidays in Ship Repairing Yards.—Tyne ship­
repairing employers have discussed with local officials 
of the Confederation of Shipbuilding and Engineering 
Unions, the employers’ proposals for an alteration in 
the annual-holiday arrangements in repair yards. 
Instead of the yards being closed down completely 
for the two weeks’ annual holiday, the employ 
suggest that the holiday should be staggered among 
groups of employees. This would allow repair work 
to be maintained without interruption. The employees 
are expected to agree to the proposal.

Ryhope Colliery Reorganisation.—The Durham 
Divisional Coal Board have modified a reorganisation 
plan at Ryhope Colliery near Sunderland, following 
opposition to the original proposals from the 
Under the first proposals, about 156 miners would 
have become redundant and another 94 would have 
been transferred to other collieries. The revised 
plans provide for the transfer of 59 miners to neigh­
bouring pits and the paying-off of 18 miners over the 
age of 65. After the reorganisation, Ryhope Colliery 
will work two shifts a day instead of three.

Labour Trouble at Gateshead Works.—After 
a one-day stoppage, employees in the pneumatic-tool 
section of the Close Works of Sir W. G. Armstrong, 
Whitworth and Co. Ltd., Gateshead, have returned to 
work. The men, it is understood, objected to a 
chargehand being employed to demonstrate a particular 
machine, and also to the piece rates proposed by the 
firm for a certain job. The strikers went back to work 
to allow the matter to be investigated by the 
Amalgamated Engineering Union.

and the laying of the necessary mains, at an estimated 
total cost of about 340,000k

A Telford Toll-House.—An appeal to its members 
has been launched by the Bewdley (Worcestershire) 
Civic Society for 1,500k to repair tho Eighteenth- 
Century octagonal toll-house on Bewdley Bridge. The 
toll-house, like the adjacent bridge over the River 
Severn, was the work of Thomas Telford (1757-1834), 
the famous civil engineer and first President of the 
Institution of Civil Engineers. Repeated flooding 
of the river has undermined the foundations of the 
toll-house, and it has been condemned as dangerous 
in its present condition.

Town Hall Acoustics.—To improve tho acoustics 
of Walsall town hall, the Council have decided to 
install diffusion-type loudspeakers, similar to those 
used in the House of Commons. An order has been 
placed for nine loudspeakers with Troughton and 
Young (Manufacturers), Ltd., London. The town 
hall was built in 1905, and its acoustic properties have 
been a source of frequent complaint.

Mine Land for Housing.—The Town Council of 
Tipton, Staffordshire, are negotiating for the purchase 
of some of the land owned by J. and S. Baggot, Castle 
Farm Colliery, Castle-road, Tipton. Castle Farm 
Colliery, which is operated under licence from the 
National Coal Board, is a small drift mine employing 
about 11 men underground, and producing mainly 
fireclay, though some coal is also mined. It is the sole 
remaining colliery at work in Tipton, an area formerly 
noted for its production of Staffordshire “ Ten Yard ” 
coal. There will be no interference with the work of 
the mine.

were
NOTES FROM THE 

INDUSTRIAL CENTRES.

SCOTLAND.
Need for Higiily-Skilled Craftsmen.—The engi­

neering industry in Britain was not being supplied 
with a sufficient number of highly-skilled craftsmen, 
in spite of the vast suras now spent on education, 
said Dr. D. Rebbeck, a director of Harland and Wolff, 
Ltd., at the annual presentation, in Glasgow, cl 
December 6, of awards to apprentices attached to the 
firm’s Diesel-engine works. That fact was affecting 
high-management policy as well as the design of 
machines, and the main aim in many organisations 

to plan production programmes so that the work 
could be done by unskilled or semi-skilled persons. If 
such a policy were pursued in Britain for a sufficiently 
long time, he added, the skill of the people would 
deteriorate and a manufacturing system would be 
created which could be copied by nations having a low 
standard of living, to this country’s grievous harm.

on on

was

Edinburgh s Water Supply.—The potential supply 
of Edinburgh’s water undertaking was increased by 
6,000,000 gallons a day on December 5, when the 
chairman of the water committee, Councillor Walter 
Gerrard, performed the opening ceremony of the first 
phase of the 305,000k Fruid-Menzion scheme in the 
Peebleshire hills. The daily output for the city now 
reaches a figure of 39,500,000 gallons. The scheme has 
taken three years to reach its present stage.

ers

men.
Vehicle Manufacture at Newhouse.—The factory 

at Newhouse Industrial Estate owned by Euclid (Great 
Britain), Ltd., is to be extended to about one and a 
half times its present size. Work will begin in the 
spring and production should start in September, 1954. 
The company manufacture heavy vehicles designed by 
the American parent firm, and used mainly by public, 
works contractors. Their extension policy, which they 
hope to complete by 1956, will give them an annual 
output of 600 vehicles.

Factory Civil Defence.—Lieut.-Col. P. A. Chubb, 
civil defence officer for the Black Country works of 
Stewarts and Lloyds, Ltd., has made an appeal for 
greater interest to be taken in factory civil 
defence work. Colonel Chubb said that, except in the 
case of a few large firms, he was not aware what 
arrangements had been made in tho West Midlands. 
He asks that anyone who is responsible for factory 
civil defence should get in touch with him at Stewarts 
and Lloyds, Ltd., Bilston Steelworks, Bilston.

Mr. E. Matthew Harvey.—The death has been 
announced of Mr. E. Matthew Harvey, managing 
director of Matthew Harvey & Co. Ltd., hardware 
manufacturers and ironfounders, of Walsall.

Forth Road Bridge.—The Forth Road Bridge 
Joint Board have estimated a capital expenditure of 
118,000k for the year to May 28, 1953, it was reported 
on December 10, at a meeting of Midlothian County 
Council. It was also stated that considerable progress 
had been made during the year with the preparation 
oi plans for the roads and roundabouts on the north 
side of the River Forth. Drawings for the foundation 
works were also well advanced and could be made 

dy within three months for the letting of contracts.

Extensions at Rothesay Harbour.—On Decem­
ber 8, Rothesay Harbour Trust deferred to a special 
meeting, to be held within a fortnight, proposals put 
forward by the harbour committee for the erection of 

pier buildings at an estimated cost of 50,000/, 
and for extension of the West Pier at an estimated 
cost of 35,000/.

SOUTH-WEST ENGLAND AND 
SOUTH WALES.LANCASHIRE AND SOUTH 

YORKSHIRE.
rea

Extensions to Welsh Gas Grid.—Probable 
extensions to gas grids in Wales were outlined by Mr. 
E. M. Edwards, a member of the Wales Gas Board, 
at Swansea on December 9. They would provide 
for a system to supply 41 gas undertakings between 
Monmouthshire and Carmarthenshire in the south, and, 
in the north, a system to supply initially eight under­
takings in tho Wrexham-Deeside area with possible 
extensions to 24 undertakings along the North Wales 
coast, and a third system, based upon Pembroke Dock 
in the west, to serve initially four undertakings with 
possible extensions to a further two. Mr. Edwards, 
who was addressing the South-Wales branch of 
the Institution of Mechanical Engineers, said that 
additional gasmaking plant having a capacity of 
6,000,000 cub. ft. a day was under construction at 
Port Talbot. The Board had preliminary plans for 
new plant at Swansea and extensions at Llanelly. 
The final decisions on the Swansea and Llanelly pro­
jects would be affected by the results of current nego­
tiations for the purchase of additional quantities of 
coke-oven gas from the Steel Company of Wales.

Short-Time W orking.—As a result of a contraction 
in trade, a number of employees, including melters, 
forgemen, rollers and helpers, are on short time in the 
special-steel trades of Sheffield. Steelmakers believe 
that the number will be extended unless trade is freed 
from the controls and restrictions which, it is urged, 
hinder the expansion of home and foreign business.

new

Inverness-Black Isle Ferry.—A recommendation 
that a relief vessel should be acquired, to be built at 
Fraserburgh at a cost of 7,985/., and having sheltered 
accommodation for 75 passengers and a turntable 
capable of handling four medium-sized cars or one 
lorry of a maximum weight of 8 tons, has been made 
by the Kessock Ferry Joint Committee to Inverness 
town Council and Ross County Council, joint owners 
ol the ferry linking Inverness with the Black Isle in 
Koss-shire. The service is maintained at present bv 
the Eilean Dubh, built, two years ago, and a small 
vessel for foot and cycle passengers only.

Steel Production.—At the works of the Steel, 
Peech and Tozer branch of the United Steel Companies, 
Ltd., the weekly production from the steel furnaces in 
November, at 15,635 tons, was 55 tons a week less 
than the 1950 average. At the Ickles wheel mill, 
however, where modernised plant has been installed, 
production has risen from 655 tons a week in 1950 
to 1,003 tons a week this year. At the Templeborough 
bar mill the output has gone up by another 100 tons 
a week.

High Steel Sal -Mr. Frank A. Hurst, chairman 
and managing director of Samuel Osborn & Co. Ltd., 
Sheffield, has stated that the highest sales total in the 
history of the company has been achieved in the present 
financial year; but, he added, already there is 
evidences of a recession in trade. Mr. Hurst, who has 
been with the firm for 55 years, recently presided at a 
ceremony at which Lady Osborn made presentations 
to 33 employees of 50 years’ service or more.

CLEVELAND AND THE NORTHERN 
COUNTIES.

Suggested Severn Barrage for Aluminium 
Production.—A suggestion made at a meeting of the 
Cardiff City Council that the Government’s scheme to 
erect a 144,000,000/. aluminium plant on the Volta 
River, on the Gold Coast, could be advantageously 
replaced by a barrage scheme and works on the 
Severn, is to be considered at the next meeting of the 
City development committee. Mr. Llewellyn Jenkins 
asked the committee to make representations that 
bauxite from West Africa could be shipped for smelting 
in South Wales, thereby creating a new aluminium 
industry.

Welsh Coal Trade.—Following tho decision of 
miners in the Rhondda Valley to resume normal 
working, coal production in the coalfield has risen. 
Last week, the output rose by more than 40,000 tons 
to 486,660 tons, but it still remained about 30,000 tons 
below the level reached in the corresponding period of 
last year. The total traffic passing through the seven 
principal South-Wales ports, during the first eleven 
months of 1952, rose from 18,835,177 tons last year 
to 20,836,848 tons.

By-Product Steam at Tyne Works.—Owing to 
delay m obtaining delivery of the necessary materials, 
a scheme proposed by Imperial Chemical Industries 
Ltd., to reduce the electricity consumption of the 
hrm s Prudhoe-on-Tyne works from the national grid 
is not likely to be completed until the end of next year. 
Ihe company propose to use steam from a sulphate 
of ammonia drying plant to operate a turbo-generator. 
At present the works take about 15,000 units hourly 
irom the grid, which, in future, will be supplied from 
the plant. The consequent saving in production costs, 
it is estimated, should repay the outlay within two 
years.

THE MIDLANDS.
Rural Water Supplies in Worcestershire.— 

A test borehole is being sunk at Astley, Worcestershire, 
for Martley Rural District Council, to prove water 
supplies at an estimated depth of 450 ft. Only 5 per 
cent, of the houses in the district have a piped water 
supply at present, and the wells from which the 
remainder ol the area’s supplies is drawn produce water 
of doubtful quality. When the water is reached by the 
new borehole, a pumping test of 14 days’ duration will 
bo carried out, and if the quantity available is satis­
factory, approval will bo sought for the completion 
of the scheme. This will involve the sinking of a second 
borehole, the construction of three small reservoirs,

Shipbuilding Economics.—In his speech when 
presenting prizes to the firm’s apprentices, Lieut- 
Colonel T. E. Smith, managing director of Smith’s 
Dock Co. Ltd., South Bank-on-Tees, urged a reduction 
in the number of man-hours needed to build a ship. 
After referring to the firm’s full order book, he gave a
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PERSONAL.“ Iudustrial Administration.” Nottingham Section : 

Tuesday, January 6, 7 p.m., Victoria Station Hotel, 
Milton-street, Nottingham. “ Economies in Production 
Engineering,” by Dr. F. A. Wells. South Wales Section : 
Thursday, January 8, 6.45 p.m., South Wales Institute 
of Engineers, Park-place, Cardiff. “ Precision with 
Production,” by Mr. G. H. Clements. Leicester Section: 
Thursday, January 8, 7 p.m., Bell Hotel, Leicester. 
“ Plaaing Machines and Practice,” by Mr. G. Butler. 
London Section : Thursday, January 8, 7 p.m., Old Ship 

Film Display. Reading Section :

NOTICES OF MEETINGS. Oil

H.M. The Queen has been graciously pleased to 
become Patron of the North-East Coast Institution of 
Engineers and Shipbuilders.

The Council of the Institute of Fuel, 18, Devonshire- 
street, Portland Place, London, W.l, have unanimously 
agreed to award the Melchett Medal for 1953 to 
Dr. Harold Hartley, C.B.E.

The Fellowship of the Illuminating Engineering 
Society, 32, Victoria-street, London, S.W.l, has been 
awarded to Mr. W. E. Rawson-Bottom and Dr. L. 
Knopp.

Mr. P. Arthur Wells, M.A., M.Sc., F.Inst.P., 
deputy secretary and secretary designate, since 
April 1, 1951, of the Royal Sanitary Institute, 90, 
Buckingham Palace-road, London, S.W.l, assumes the 
secretaryship of the Institute on January 1, 1953. 
He also takes office as secretary of the Royal Sanitary 
Institute and Sanitary Inspectors Examination Joint 
Board on the same date.

Mr. Arthur Davenport, F.R.Ae.S., has relinquished 
his seat on the board of Westland Aircraft Ltd., but 
his services are retained as a consultant.

Mr. F. C. Gale, chief superintendent engineer to 
the Tyne-Tees Shipping Co. Ltd., Newcastle-upon- 
Tyne, has retired after 35 years of service.

Mr. Raymond Birkett, D.F.C., has been appointed 
Civil Air Attache to the British Embassy, Paris. 
He succeeds Air Marshal Douglas Colyer, C.B., 
D.F.C., who has accepted a part-time appointment to 
deal with civil-aviation matters in certain other 
countries of Western Europe.

Mr. M. I. PRicnARD, Mr. F. E. Blackstone and 
Mr. C. D. MacQuaide have been invited to become 
assistant directors of R. A. Lister & Co. Ltd. They 
have been selected from the executive staff oi the 
R. A. Lister groups of companies.

The Brush ABOE group of companies announce that 
Mr. D. G. Hawkins has been appointed general 
manager of the National Gas and Oil Engine Co. Ltd., 
Ashton-under-Lyne. Ho is already a member of that 
company’s board.

Mr. B. G. Houseman, managing director of 
Houseman and Thompson Ltd., Newcastle-upon-Tyne, 
has been elected chairman of the Northern branch of 
the National Union of Manufacturers.

A new board of directors has been appointed for 
R. H. Windsor Ltd., Chessington, Surrey; Mr. 
R. E. G. Windsor, however, remains managing 
director. Mr. A. G. Dennis, LL.M., is chairman, and 
the two other new members of the board are Mr. 
H. V. Yorke and Mr. C. Norman Baker, F.C.A..

Mr. B. R. Fraser, B.Sc., has been appointed 
assistant refinery manager of the refinery now nearing 
completion at Coryton, Essex, of the Vacuum Oil 
Co. Ltd.

Awards of Mond Nickel Fellowships, for 1952, have 
been made to Mr. A. G. Duce, Mr. F. G. Horton, 
Mr. H. A. Longden, and Mr. G. P. Kempson.

Mr. S. J. Harley, B.Sc., M.I.Mech.E., M.I.P.E., 
chairman, and Major G. W. Moore, LL.B., deputy- 
chairman, Coventry Gauge and Tool Co. Ltd., have 
been elected to the board of the Pitter Gauge and 
Precision Tool Co. Ltd. Mr. Harley has been elected 
chairman of the board, in succession to Brigadier- 
General R. F. Leggb, C.B.E., D.S.O. Comp.I.E.E., 
who has retired from the chairmanship but remaias a

It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting.

Institution of Civil Engineers.—A irport Division:
Tuesday, December 30, 5.30 p.m., Great George-stroet,
Westminster, S.W.l. “ The Reconciliation of Civil 
Engineering Problems with International Standards in 
the Siting and Planning of Airports,” by Mr. A. S.
Maclaren. Maritime Division: Tuesday, January 6,
5.30 p.m.. Great George-street, Westminster, S.W.l.
“ The Reconstruction of Greenwell’s No. 1 Dry Dock 
and Ancillary Works at Sunderland,” by Mr. Harry 
Ridclialgh. Midlands Association: Thursday, Janu­
ary 8, 6 p.m., James Watt Memorial Institute, Bir­
mingham. “ Prestressed Concrete in Civil Engineering 
Works,” by Mr. A. J. Harris.

Institution of Engineering Inspection.—London 
Branch : Thursday, January 1, 6 p.m.. Royal Society of 
Arts, John Adam-street, W.C.2. “ Standardisation and 
Inspection,” Dip.-Ing. E. G. Brisch. Coventry Branch:
Tuesday, January 6, 7.30 p.m.. Technical College,
Coventry. “ Developments in the Manufacture and Use 
of Glass,” by Dr. R. E. Bastick. South-Western Branch :
Tuesday, January 6, 7.30 p.m., Grand Hotel, Broad- 
street, Bristol. Film Display. Birmingham Branch:
Wednesday, January 7, 7.30 p.m., 95, New-street,
Birmingham. Film Display.

Incorporated Plant Engineers.—Peterbcrrough 
Branch : Thursday, January 1, 7.30 p.m., Offices of the W.C.2.
Eastern Gas Board, Church-street, Peterborough. Open 
Discussion on “ Automobiles.” Birmingham Branch :
Friday, January 2, 7.30 p.m., Imperial Hotel, Birming­
ham. (i) “ Metal Spraying for Protection,” by Mr. W. E.
Ballard ; and (ii) “ Reclamation of Worn Parts by Metal 
Spraying,” by Mr. R. Wallwork. London Branch:
Tuesday, January 6, 7 p.m., Royal Society of Arts,
John Adam-street, Adelphi, W.C.2. Discussion on “ The 
National Fuel Policy.” Edinburgh Branch: Tuesday,
January 6, 7 p.m., 25, Charlotte-square, Edinburgh, on 
Open Meeting. South Wales Branch: Tuesday, Janu­
ary 6, 7.15 p.m., South Wales Institute of Engineers,
Park-place, Cardiff. “ A Plant Engineer Tours America,” 
by Mr. G. E. Halter. Southampton Branch : Wednesday,
January 7, 7.30 p.m.. Polygon Hotel, Southampton.
“ Metallising in Relation to Plant Maintenance,” by Mr.
J. Porter.

Institution of Mechanical Engineers.—Friday,
January 2, 5.30 p.m., Storey’s-gate, St. James’s Park,
S.W.l. Meeting in conjunction with the Industrial 
Administration and Engineering Production Group. January 8,
“ Principles and Practice Governing Interchangeability c.2. Film Display, 
and the Specification of Manufacturing Limits of Size 
as Influenced by Statistical Considerations,” by Captain 
G. C. Adams. South Wales Branch: Tuesday, Janu­
ary 6, 6 p.m., South Wales Institute of Engineers, Park- 
place, Cardiff. “Contemporary Methods of Watch Pro­
duction,” by Mr. R. A. Fell and Mr. P. Indermuhle.
London Graduates’ Section: Tuesday, January 6, 6.30 
p.m., Storey’s-gate, St. James’s Park, S.W.l. “ Indus­
trial Power Transmission Clutches and Couplings,” by 
Mr. K. J. Freeman. Institution: Friday, January 9,
5.30 p.m., Storey’s-gate, St. James’s Park, S.W.l.
Thomas Lowe Gray Lecture on “ Welding in Marine 
Engineering,” by Mr. H. N. Pemberton. Automobile 
Division : Tuesday, January 13, 5.30 p.m., Storey’s-gate,
St. James’s Park, S.W.l. “ Life Assessment Tests for 
Commercial Vehicles,” by Mr. J. II. Alden. East Mid­
lands Branch: Wednesday, January 14, 7.30 p.m.,
County Technical College, Newark-on-Trent. Repetition 
of the Thomas Hawksley Lecture on “ The Mechanism 
of Work-Hardening in Metals,” by Professor N. F. Mott.

Institution of Structural Engineers.—Western 
Counties Branch: Friday, January 2, 6 p.m., The Uni­
versity, Bristol. “ Unusual Design for a Large Construc­
tional Shop,” by Mr. F. R. Bullen. Northern Counties 
Branch: Tuesday, January 6, 6.30 p.m., Cleveland 
Scientific and Technical Institution, Middlesbrough.
Open Meeting. Institution: Thursday, January 8,
6 p.m., 11, Upper Belgrave-street, S.W.l. “Construc­
tion of Eight Prestressed-Concrete Tanks,” by Colonel 
A. R. Mais and Mr. A. C. Little.

Junior Institution of Engineers.—Friday, Janu­
ary 2, 7 p.m., Townsend House, Greycoat-place, S.W.l.
Film on “ Packaged Power,” introduced by Mr. H. M.
Louch. Midland Section: Wednesday, January 7,
7 p.m., James Watt Memorial Institute, Birmingham.
Chairman's Address on “ Some Aspects of Modern 
Materials Handling,” by Mr. O. J. B. Orwin. Institution :
Friday, January 9, 7 p.m., Townsend House, Greycoat- 
place, S.W.l. “ Automatic Feed Pressworking,” by Mr.
C. H. Crawford. Sheffield Section : Monday, January 12,
7.30 p.m., Livesey Clegg House, Union-street, Sheffield.
“ Science Looks at Works Corrosion,” by Mr. H. G. Gow.

Institution of Production Engineers.—Liverpool 
Graduate Section: Friday, January 2, 7.30 p.m., Ex­
change Hotel, Tithebarn-street, Liverpool. Discussion

Hotel, Brighton.
Thursday, January 8, 7.15 p.m., Great Western Hotel, 
Reading.
Material,” by Mr. G. W. Trobridgc. West Wales Section : 
Friday, January 9, 7.30 p.m., Central Library, Alexandra- 

“ Electronics in Industry,” by Mr. A. G.

“ The Use of Rubber as an Engineering

road, Swansea.
Hickman. Eastern Counties Section : Friday, January 9, 
7.30 p.m., Public Library Ipswich. “ Motion Study : 
Some Practical Applications,” by Mr. R. Craven.

Electrical Engineers.—South 
Midland Centre: Monday, January 5, 6 p.m., James 
Watt Memorial Institute, Birmingham, 
ate Activities in Electrical Engineering,” by Mr. W. J. 
Gibbs and others. Merseyside and North Wales Centre : 
Monday, January 5, 6.30 p.m., Royal Institution. Col­
quitt-street, Liverpool. “ Uses of Earthed Signal 
Conductors on Transmission Circuits,” by Mr. W. Casson. 
District Meeting: Monday, January 5, 6.30 p.m., Crown 
and Anchor Hotel, Ipswich, 
the British Grid,” by Mr. D. P. Sayers, Dr. J. S. Forrest 
and Mr. F. J. Lane. Measurements and Radio Sections : 
Tuesday, January 6, 5.30 p.mv Victoria-embankment, 

“ An Improved Scanning Electron Microscope 
for Opaque Specimens,” by Mr. D. McMullan.
Western Centre: Tuesday, January 6, 6.15 p.m., Engi­
neers’ Club, Manchester. “ The Characteristics and 
Control of Rectifier-Motor Variable-Speed Drives,” by 
Mr. P. Bingley. North Midlands Centre: Tuesday, 
January 6, 6.30 p.m., 1, Whitehall-road, Leeds. ' 
tronic Telephone Exchanges,” by Mr. T. H. Flowers.

Wednesday, January 7, 6.30 p.m.

Institution of

“ Post-Gradu-

“ 275-kV Developments on

North-

“ Elec-

Southern Centre:
Technical College, Brighton. “ 275-kV Developments 

the British Grid System,” by Mr. D. P. Sayers, Dr. 
j. S. Forrest and Mr. F. J. Lane. Institution : Thursday, 
January 8, Victoria-embankment, W.C.2., 4.30 p.m. 
“ Nuclear Reactors and Applications,” by Sir John 
Cockcroft, F.R.S. 6 p.m., Symposium on 
Reactor Instrumentation.”

“ Nuclear

British Institution of Radio Engineers. London 
Section : Monday, January 5, 6.30 p.m., London School 

; ana Tropical Medicine, Keppel-street, 
“ The Modern Single-Layer Selenium Photo-

of Hygiene 
W.C.l. ' -
cell,” by Dr. G. A. Vcszi. Scottish Section : Thursday, 

7 p.m., 39, Elmbank-creseent, Glasgow,

FoundrYMEN.—Sheffieldof British 
Monday, January 5, 7.30 p.m., College of 
and Technology, Pond-street, Sheffield, 1.

Institute 
Branch :
Commerce
Discussion on “ Methods of Making a Typical Casting m 
Iron, Steel and Non-Ferrous Metal.” West Riding of 
Yorkshire Branch: Wednesday, January 7, 6.30 p.m., 
Technical College, Bradford. “ Economical Use of Metal 
in Foundry Practice,” by Mr. D. W. Hammond. Burnley 
Section: Wednesday, January 7, 7.30 p.m., Municipal 
College, Ormerod-road, Burnley.
Castings,” by Mr. C. F. Lawson. Lincolnshire Branch : 
Thursday, January 8, 7.15 p.m., Technical College, 
Lincoln." Report on “ Flow of Metal,” presented by Mr. 
E. M. Currie. Also at the Scottish Branch : Saturday, 
January 10, 3 p.m., Royal Technical College, Glasgow. 
Newcastle Branch: Saturday, January 10, 6 p.m., 
Neville Hall, Westgate-road, Newcastle-upon-Tyne. 
“ Ultrasonic Methods of Inspection,” by Mr. N. II.

“ Production of Heavy

director.
Mr. J. V. Roberts, A.R.Ae.S., a specialist in 

helicopters, has joined Short Bro3. and Harland Ltd., 
Belfast, as assistant designer in charge of the design 
and technical aspects of rotary-wing aircraft.

Mr. J. Birkbeck, A.I.R.I., has taken up the appoint- 
nt of production manager to Brynmawr Rubber Ltd.

Mr. D. C. Thomson, M.A. (Edin.), B.A. (Oxon.), has 
director of welfare of the British

Baddeley.
Engineers’ Guild.—West Midlands Branch: Tues­

day, January 6, 6.30 p.m., Imperial Hotel, Birmingham. 
“ Presentation of Technical Information,” by Professor 
R. O. Kapp.

Institute of Fuel.—Scottish Section :
January 6, 7 p.m., Royal Technical College, Glasgow. 
“ The Ridley Report and After,” by Mr. Gerald Nabarro. 
North-Western Section : Thursday, January 8, 6.30 p.m., 
Engineers’ Club, Manchester. Various 
“ Fuel and Fuel Efficiency.”
Wednesday, January 14, 7 p.m., Welbeck Hotel, Notting- 

“ Peak Steam Demands and Thermal Storage,”

me

been appointed 
Electricity Authority. He succeeds Mr. J. W. Ihomas, 
who retired last September.

Mr. F. A. S. Gilmore has been appointed sales 
engineer, in the Birmingham and Coventry area, to 
Murad Developments Ltd., Stocklake, Aylesbury, 
Buckinghamshire.

Mr. H. N. Norbury has joined Henry Meadows 
Ltd., Wolverhampton, as sales manager.

As from January 1, 1953, Mr. G. H. Brenchley, 
branch manager, Kerry’s (Great Britain) Ltd., Warton- 
road, Stratford, London, E.15, is appointed sales 
manager, cycle division, and Mr. E. E. Kerry, 
northern area manager, is appointed branch manager, 
Stratford.

A. C. Morrison (Engineers), Ltd., Loughborough, 
have appointed Mr. S. A. Buchan, 88, Pittodne-place, 
Aberdeen, to be their representative in Scotland.

Foundry Services Ltd., Long Acre, Nechells, 
Birmingham, 7, announce that their telephone number 

been changed to East 1911 (10 lines).

Tuesday

enpapers on 
East Midland Section:

ham.
by Dr. E. G. Ritchie.

Institute of Metals.—Oxford Section: Tuesday, 
January 6, 7 p.m., Black Hall, St. Giles, Oxford. “ Recent 
Advances in Alloy Chemistry,” by Dr. J. W. Christian. 
Birmingham Meeting: Thursday, January 8, 2.30 p.m., 
The University, Edgbaston, Birmingham. Informal 
Discussion on “ Rolls and Their Maintenance in the 
Non-Ferrous Metals Industry.”

Wednesday, January 7, 5.30Newcomen Society. 
p.m., Institution of Civil Engineers, Great George Street, 
Westminster, S.W.l. Ordinary General Meeting. “Some 
Factors in the Early Development of the Centrifugal 
Pump, between 1689 and 1851,” by Mr. L. E. Harris. as
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EXHIBITS AT THE SMITHFIELD SHOW.
(.For Description, see Page 787.)

Fig. 12. Tractor-Hauled Combine Harvester ; Marshall, Sons & Co., Ltd.

Fig. 13. Self-Propelled Combine Harvester; Massey-Harris, Ltd.
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The final report itself answered that question in 
part by stating that “ it has been found impossible 
to discriminate clearly between action taken as a 
result of a productivity team’s visit, and what has 
happened as a part of normal development in the 
post-war period ” ; but there had been positive 
development in seven industries, five of them con­
cerned with engineering, which had sent teams to 
America. One of the five was the steelfounding 
industry—the first of them all to send out a team ; 
a fact which imparts additional interest to the 
inquiries that have been proceeding since then in 
that industry, under the auspices of the British 
Steel Founders’ Association.

The first report of the steel founders’ team was 
issued in September, 1949, and a subsequent report, 
entitled Progress in Productivity, was published in 
October, 1951. It was shown that, since 1949, 
several foundries had increased their output per 
man-hour by 10 to 15 per cent., and in some the 
increase had been as much as 30 per cent. It was 
felt by the Association, however, that much more 
might have been done, and that (in the words of 
a statement officially issued during the present 
week) “ the efforts to gain the fullest measure of 
benefit from the team’s recommendations to some 
appreciable extent have been and still are frustrated 
by the partial failure of those who work in the 
industry to grasp what now ought to be apparent, 
namely, that the consequences of failure to increase 
productivity are so grave as to demand the imme­
diate abandonment of any attitude which consti­
tutes an obstacle to doing so.”

The realisation of the dangers of the situation led 
the British Steel Founders’ Association to hold a 
conference in November to investigate the position. 
At the conference, which was representative of all 
grades of management from managing directors to 
charge hands, the points under discussion were 
grouped into three main divisions, namely, the 
problem of management, with particular reference 
to leadership and personal relations ; the human 
attitude to productivity, as applied to the industry 
as a whole ; and mechanical devices and workshop 
methods. The discussions are stated to have been 
“ exceedingly frank,” and if, in some respects, the 
conclusions reached appeared to verge upon the 
obvious, it is certain that notliing but good could 
result from a candid recognition of their nature 
and importance. The representation was wide, 
there being 126 delegates from 41 member firms in 
the Association, collectively representing, on a 
production basis, 88 per cent, of the tonnage of- 
steel castings produced by members of the Associa­
tion and 70 per cent, of the whole output of the 
industry in the United Kingdom. It may be 
remarked that the steel-founding industry is not 
part of the iron and steel industry as at present 
constituted, in that the member firms are not basic 
steel producers.

With regard to the questions of management and 
leadership, the delegates were unanimous that there 
was no substitute for good leadership. It is not easy 
to see how they could have maintained any other 
point of view. Some delegates, however, are stated 
to have been “ highly critical of British management 
for failing to select and train a new class of industrial 
leaders, capable of dealing with modern problems, 
including that of personal relations.” They expres­
sed the opinion that there was “ room for a great 
advance in the selection and training of personnel ” 
to the end (accepted as “essential”) that “every 
employee should be carefully trained for, and 
employed in, the job for which he is best suited,” 
and that this training should apply especially to 
those selected for supervisory posts.

In the discussion on the human attitude towards 
productivity, which was presided over by Professor 
P. Sargant Florence, of the Department of Com­
merce in the University of Birmingham, it was 
agreed that the British working man reacted only
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No. 4534.Vol. 174.

PRODUCTIVITY IN 
PRACTICE.

Rather more than three months ago the Anglo- 
American Council on Productivity published their 
final report; not as the final one of the series, for 
a considerable number of the reports of the 47 
industrial teams who visited the United States 
have still to see their conclusions in print, but as 
an indication that the functions of the Council were 
officially terminated and that no more teams would 
be sent out. The cessation of their activities was 
not the result of any impression that the organisa­
tion had outgrown its usefulness, but of the ter­
mination, on June 30, 1952, of Marshall Aid, this 
being the date initially fixed for the winding-up 
of the investigations which were the Council’s 
raison d’etre. Commenting on the final report in 
our issue of September 12, on page 341, ante, we 
recalled that the object of the Council was “to 
promote economic well-being by a free exchange of 
knowledge in the realm of industrial organisation, 
method and technique, and thereby to assist British 
industry to raise the level of its productivity ” ; 
and we repeated the question that has been asked 
so often as the successive reports appeared—What 
practical benefit has resulted in any of the indus­
tries concerned, that can be traced directly to the 
experience gained by the teams in their visits to the 
United States ?

TIME for RECEIPT of ADVERTISEMENTS.

Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday.

“ Copy ” instructions and alterations to standing 
advertisements for display announcements must be 
received 14 days previous to the date of publication, 
otherwise it may be impossible to submit proofs 
for approval.

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years.

INDEX TO VOL. 173.
The Index to Vol. 173 of ENGINEERING 

(January-June, 1952) is now ready and will 
be sent to any reader, without charge and 
postage paid, on application being made to the 
Publisher. In order to reduce the consump­
tion of paper, copies of the Index are 
being distributed only in response to such 
applications.
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to a limited extent to purely monetary incentives ; 
he had his own very moderate target figure and, 
having attained it, was disinclined to strive for 
anything higher. It may be supposed that the 
combined effects of high taxation and restricted 
freedom to purchase what he will, extending over 
many years, have had considerable influence in 
inducing that frame of mind ; only the middle- 
aged and elderly can remember what it was like 
to buy freely in an open market. The conference 
agreed, however, that something should be done 
“ to educate the British worker to an appreciation 
of the greater degree of comfort and enjoyment that 
increased productivity will bring within his reach,” 
and emphasised the “ fact that the skilled worker 
is in a position to better his standard of living by 
extra effort to a far greater extent than any other 
member of the community.” Means of doing so 
were exemplified by showing films and lantern 
slides illustrating some of the improved equipment 
and methods which have been introduced into the 
industry from the United States and which, it was 
urged, “ every British steel foundry could and 
should adopt immediately.”

The conclusions of the Conference on the trade 
unions’ relation to productivity are a little reminis­
cent of Mark Twain on the subject of the weather— 
“ everyone talks about it, but nobody does any­
thing.” The first comment, that “ the problem of 
productivity is one for industrial management and 
is not a trade-union responsibility,” seems to 
crystallise in a sentence the essential difference 
between the American shop-floor a titude towards 
the subject and the prevalent view of British 
labour; and it is open to question whether the 
next conclusion is altogether justified, namely, that 
“ trade unions have so far failed to realise that 
restrictive practices, based upon out-of-date fears 
and prejudices, are seriously retarding produc­
tivity.” If they have not learned that by now, 
supported as it has been by so many of their own 
members who have been to America with the 
productivity teams, they are incapable of learning 
anything; which we simply do not believe. If 
British working men, more especially the relatively 
small proportion who sway the voting in trade- 
union lodges, can be made somehow to see that 
their appointed leaders are not there solely to fight 
employers, but may serve the interests of the rank 
and file equally well and sometimes better by a 
little frank collaboration with managements, a 
long step forward will have been taken.

The Conference, it is stated, “ condemned all 
restrictive practices, whether on the part of manage­
ment or operatives.” The delegates “ strongly 
criticised the frustrating practice of rate-cutting by 
management and the arbitrary restrictions on the 
up-grading of semi-skilled labour and on schemes 
for adult apprenticeship imposed by the unions.” 
This is an obviously sensible attitude, on all counts, 
and not less so because, in fact, it postulates 
nothing new. It requires some qualification, how­
ever, and that is provided elsewhere in the summary, 
where, after urging that “ all injustices existing in 
present incentive schemes must be removed imme­
diately,” the note is added that, in particular, 
established piece-work rates “ must be regarded as 
sacrosanct while production processes remain 
unchanged.” There may still be managements wrho 
are apt to cut piece-rates without having introduced 
any improved process, but by now they must be 
relatively few, and the example of their more 
enlightened fellows should make them progressively 
fewer. If a single trade-union would have the 
courage to come out boldly in favour of the utmost 
use of improved methods without seeking to impose 
hampering and wasteful restrictions, it is more than 
probable that others would speedily follow ; for 
the benefits would be so great that they could not 
be disguised, nor could any management afford to 
be niggardly in sharing them.

SSK type of submarine, designed to hunt and kill 
its own kind and exhibiting a huge bulbous bow 
full of asdic gear ; and also of the fast attack 
submarines of the SS 563 class, capable of exceeding 
17 knots submerged and engined with two-cycle 
Diesels with 16 cylinders, disposed radially in four 
banks.

The strength and composition of the Russian 
fleets remain obscure. There has been no sub­
stantial change in the section relating to submarines, 
which continues to report about 120 of these vessels 
building and 370 in service or reserve. Of the latter, 
a large number are of pre-war vintage and some 130 
are small coastal boats with a limited radius of 
action. It is hard to see why Jane thinks that the 
72 pre-war submarines of the Shtcha class are 
“ a particularly effective and dangerous type,” since 
their performances in World War II did nothing to 
suggest this. Such phrases, however apocryphal 
they may be, are nevertheless treasured by Janeites, 
who (it may be said) like to declaim these classic 
utterances to solemn chants. Indeed, the chant 
currently used by them as a rallying cry is the 
deathless one “ said to be most unhealthy, insanitary 
and badly ventilated,” composed for the Russian 
battleships of the Gangut class over 30 years ago, 
and used uninterruptedly ever since. It may be 
true enough, but there is such a thing as relativity.

A survey of the present edition reveals the 
undecided trend of design in relation to light 
cruisers, destroyers, frigates, and escorts, all of 
which types tend to shade off into one another in a 
confused and unsatisfactory way, as if to suggest 
that the naval staffs do not know what they really 
want. As an example may be cited the warships 
of the T 47 class, building in France, which could 
arguably be ranked in any of the four categories 
and may well be an attempt to combine the qualities 
of all of them. Among the smaller navies, it may 
be observed that the two 10,000-ton cruisers laid 
down by Holland in 1939 are not yet completed, 
and that all major war vessels in the Norwegian 
fleet have been acquired from Britain, the United 
States, or Germany. The only second-elass navy to 
command respect is that of Spain, whose warships 
form a balanced fleet of homogeneous classes, 
reasonably modern and nearly all built in Spanish 
yards.

Turning to the “museum pieces,” it may be 
noted that the last of the hideous saurian monsters 
with the authentic “ ironclad ” appearance is the 
Argentine Pueyrredon, launched by Ansaldo in 
1897, and that the cruiser Avrora, a veteran of 
Tsushima, is still a unit of the Russian navy ; 
but Janeites will mourn with real regret the dis­
appearance of the Chilean Huascar, a veteran of 
the ’seventies which was hotly embroiled in many a 
South American fracas, and, while engaged in 
piracy on the high seas, was the target for the first 
automobile torpedo fired in anger. We have, 
however, the authority of His Excellency the Chilean 
Ambassador, speaking at the annual banquet of 
the Worshipful Company of Shipwrights on 
October 22, for her continued existence afloat. 
The prize for the warship with the most changes of 
name is won by the Esmeraldas, of Ecuador, with 
eight—one being Entropy, which, as Pepys would 
observe, “ is very strange.” It has to be regretted 
that the ugliness prize must be awarded, for the 
second year running to the British destroyers of the 
Daring class.

No Janeite will allow that Jane can err, as this 
would be heretical. It is, however, permissible for 
the faithful to believe that alternative spellings 
exist for “ John I. Thorncroft ” of “ Wolston ” 
and for “ Cammel Laird,” for the cancelled Weapon- 
class destroyer “ Cutless,” and for German midget 
submarines of the “ Seehond ” type ; and that 
Flushing and Vlissingen may possibly be one and the 
same place.

“JANE.”
Kipling once Avrote a story in which he intro­

duced the notion that “ Janeites ” were a sect of 
persons devoted to the Avorks of Miss Austen. 
This, of course, Avas false ; Janeites are, in fact, the 
legion of addicts to Jane's Fighting Ships* and 
ATery many of them have no other maritime con­
nection. In a lifetime of more than 50 years, the 
Jane Avhom they revere has acquired a strong cor­
porate personality, hardly, perhaps, as feminine as 
the ships surveyed, and expressed in a literary style 
—terse, nervous, scrupulous to the point of fussiness, 
and sometimes pungent—in marked contrast to the 
polished urbanity of the publishers’ foreAvord.

That introduction records that, to avoid an 
increase in price, it has been necessary to reduce 
the number of pages. It must be said at once that 
this compression, from 546 to 454 pages, has been 
done Avith remarkable skill, and that Janeites will 
ha\Te no cause for complaint. The tables of gun 
performance, Avbich were always about 15 years 
out of date, have been suppressed ; and this might 
also be taken as an indication that the elan vital of 
sea Avarfare has passed from the gun to the submarine 
torpedo and the strike aircraft. Further compres­
sion might usefully be achieved by omitting the 
so-called silhouettes. For the rest, the foreAvord 
notes the current tendency to restore naA'al strength 
by recalling ships from the disposal lists, and the 
increased emphasis on anti-submarine frigates, 
escorts, and minesweepers.

Aircraft carriers have taken precedence over 
battleships since the edition of 1950-51. The neAV 
photograplis of H.M.S. Eagle confirm that she is 
bigger as Avell as uglier than the Avar-time Implacable 
class, having a flight deck over 800 ft. long ; this 
compares Avith 1,040 ft. for the U.S.S. Forrestal, 
laid down in July last. The great difference is that 
the Eagle, apart from exhibiting a saAvn-off stern 
which is an offence to the eye, retains the island 
form of superstructure, whereas the Forrestal 
promises to be a flush-decked ship Avith a retractable 
bridge. Pictures of the reconstructed cruisers 
Birmingham and NeAvcastle show that British naval 
architects have noAV abandoned the tripod in favour 
of the American lattice mast. The statement that 
some of the 24 British frigates included in the 
programme of neAv construction are to be Diesel- 
driven is of interest, as this factor may be of 
immense importance if a really large fleet of them 
has to be built. The “ full conversion ” of des­
troyers into anti-submarine frigates, as exemplified 
in the Rocket and Relentless, seems to involve an 
enormous amount of Avork for a result which, it 
may be hoped, is better than it looks; but the 
“ limited conversion ” iioav illustrated by the 
Tenacious appears to involve little beyond the 
substitution of “ squid ” anti-submarine mortars 
for the after 4-7in. tAvin guns and the removal of 
the foremost torpedo-tube mounting. The pages 
covering the ships of the Royal Australian, Canadian, 
and New' Zealand Navies still do not suggest that 
these fleets are in any way commensurate AAith the 
population, wealth, and seaboard of their respective 
countries ; but the Avarships of India and Pakistan 
are a likelicr-looking assembly than Avere those of 
the Royal Indian Marine.

The foreword does well to offer a reminder that 
the United States Navy noAv has “ the largest 
peace-time fleet ever maintained by any country . . . 
as large as all the other navies of the world put 
together.” Among the feAv innovations demanding 
notice is the conversion of two cruisers into“ Tactical 
Command Ships ” or professional flagships, equipped 
with extensive radio and accommodation, but 
lightly gunned. There are noAv photographs of the

* Jane’8 Fighting Ships 1952-53. Edited by Raymond 
V. B. Blackman. Sampson Low, Marston and Company, 
Limited, 25, Gilbert-street, London, W.l. iPrice 84s.]
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interesting item, perhaps, being a note that, during 
the year, Mr. M. W. Piggott and Mr. G. W. Messing- 
ham retired from the service of the Board. They 
were the last of the 556 officers and 2,907 employees 
of the constituent water companies whose properties 
and functions were transferred to the Board under 
the provisions of the Metropolis Water Act of 1902. 
Mr. Messingham retired on May 19 and Mr. Piggott 
on June 27, 1951. The total supply of water from 
all sources (the principal source being, as always, 
the Thames) was 117,836-4 million gallons, repre­
senting a daily average of slightly less than 322 
million gallons, of which 98-24 per cent, went 
directly to the Board’s area and the rest to adjacent 
undertakings which take a bulk supply. The daily 
average abstraction from the Thames by the Board 
and two of the suburban companies was 228-6 
million gallons out of an average natural flow at 
Teddington of 2,034 million gallons, in round figures. 
This abstraction, 11-24 per cent., was less than in 
the previous year, when the proportion was 12-14 
per cent. It is an indication of the fluctuations 
with which the Board have to contend, and the 
need for ample reservoir capacity, that the actual 
daily flow of the river fell below 500 million gallons 
on 54 days in the twelve months, and exceeded 
5,000 million gallons on 13 days. The flow' in the 
river Lee ranged between still wider limits, being 
below 40 million gallons a day on 12 days and over 
500 million gallons on four days. The grand total 
of water supplied during the year represented 
526-1 million tons and the distribution per head, to 
an estimated population of 6,426,500, was 49-22 
gallons; 32-81 per cent, was supplied through 

meters. A substantial addition to the

mass-production and, in general, those methods 
wrere “far ahead” of corresponding practice in 
Britain on comparable products. By comparison 
with American firms, the team considered, too many 
British firms were making too many models, with 
the result that there was an undesirable amount of 
overlapping within the industry. Labour-saving 
received more attention from the American than 
from the British maker, with a view to reducing not 
only his own labour costs, but also those of his 
customer; and, in the works, much more use was 
made of mechanical handling appliances. The 
American machines examined were no better than 
the British types, in the team’s opinion, and some 
were definitely inferior ; in general, too, the Ameri­
can machines were much more expensive. American 
managements are described as being “enterprising 
and receptive of ideas, competition being upheld 
as the essential spur to progress.” Of the labour 
employed, fewer than 20 per (pent, had served an 
apprenticeship.

NOTES.
The Institution of Mechanical Engineers.
Though there is a considerable body of literature 

on the strength and flexibility of curved pipes, 
the case of pipe-bends in which the radius of curva­
ture is small in relation to the radius of the pipe 
cross-section has not been adequately treated. 
In recent years, however, for many applications in 
gas turbines, and in the oil and chemical industries, 
pipe-bends have been used in which the radius of 
curvature is only three times the pipe radius, and 
it is this circumstance which rendered significant 
the two papers presented to the Institution of 
Mechanical Engineers on Friday, December 12. 
Dr. Nicol Gross, M.I.Mech.E., was author of a 
paper on “ Experiments on Short-Radius Pipe- 
Bends,” and also joint author, with Professor 
Hugh Ford, D.Sc. (Eng.), Ph.D., Wh.Sc., 
M.I.Mech.E., of a paper on “ The Flexibility of 
Short-Radius Pipe Bends.” In the former paper, 
Dr. Gross said that C. E. Stromeyer was the first to 
draw attention to the fact that failures in pipe-lines 
took place in the curved portions at points of the 
cross-section of the pipe-bend which in the past 
were thought to be located on its neutral axis 
[Engineering, vol. 84, page 316 (1907)]. The 
direction of cracks which occurred in service showed 
that stresses causing failure were circumferential 
stresses, even in pressureless pipes. These failures 
could be explained by existing theory if Karman’s 
analysis, which dealt with displacements only, was 
extended to the investigation of the stresses occur­
ring in the cross-section of pipe-bends. The 
experiments which Dr. Gross described were carried 
out, under the auspices of the British Welding 
Research - Association, on short-radius pipe-bends 
of seamless and welded types. The results showed 
that, for such pipes subjected to bending without 
internal pressure, no element of a welded bend 
was more highly stressed than the corresponding 
element of the seamless bend ; that the two longi­
tudinal welds connecting the two half tori of a 
welded bend did not affect the flexibility of the 
portion of pipe-line composed of the pipe-bend and 
straight pieces of pipe; and that there was no 
evidence to show that, under otherwise identical 
conditions, the seamless type of bend would sustain 
greater ultimate loads than would the welded 
bend. The tests on short-radius pipe-bends sub­
jected to internal pressure showed that, if the cross- 
section deviated appreciably from circularity, 
considerable bending stresses were superimposed, 
and also that, after yielding had occurred, pipe- 
bends were capable of sustaining considerable 
increases in pressure before they burst. With 
welded bends, if a complete-penetration weld, free 
of imperfections, were deposited, the static bursting 
pressure should be the same as that expected in a 
seamless tube. The effect of small imperfections 
in the weld were similar to that of small surface 
imperfections such as centre-punch marks, etc. 
Dr. Gross and Professor Ford, in their joint paper, 
derived a simple and reliable method of calculating 
safe working conditions in the design of pipe-bends. 
They showed that the modification to Karman’s 
analysis described in the other paper was satisfactory

2/iR
for values of the pipe factor down to ——

(where 2h was the thickness of the pipe, r the mean 
radius and R the radius of curvature), and to values

R
of - =2-2. A surprising finding was that the

r
peak stresses due to an externally-applied moment 
were reduced by a superimposed internal pressure, 
and even when the pressure was raised to 2| times 
the maximum working pressure the bend was sub­
jected to no more severe stress combination than in 
the pressureless state.

The Metropolitan Water Board.
The hearers, and subsequent readers, of Mr. 

H. F. Cronin’s presidential address to the Institution 
of Civil Engineers on the development of London’s 
water supply into the present organisation of the 
Metropolitan Water Board will find an interesting 
appendix to it in the 49th annual report of the Board, 
for the year ended March 31, 1952 ; not the least

LETTERS TO THE EDITOR.

VECTOR METHOD OF SOLVING 
VIBRATION PROBLEMS.
To the Editor of Engineering.

Sir,—I have read with interest the article by 
Mr. C. H. Helmer on vector methods in vibration 
which appeared on pages 620 and 685, ante. These 
techniques are obviously of great value. If any 
of your readers are anxious to pursue this subject, 
they will find it dealt with in the books by W. T. 
Thomson (Mechanical Vibrations, Prentice-Hall, 
1947) and C. E. Inglis (Applied Mechanics for 
Engineers, Cambridge University Press, 1951).

As Mr. Helmer points out, the vector method may 
be applied to many problems. My colleague, Mr. 
D. B. Welbourn, and I have devised an extension 
which, we think, may be of interest. It deals with 
the dynamic vibration absorber and a description 
is submitted for your consideration.* We have 
also developed a method to deal with crankshaft 
vibration, including the effects of damp'ng, and 
hope to be able to submit a further article before 
long.

revenue
Board’s reservoir capacity was made by the 
inauguration, on September 4, 1951, of the William 
Girling reservoir at Chingford, so named after 
Mr. W. H. Girling, O.B.E.,the chairman. Authority 
was received in February, 1952, to fill it to the top 
water level of 71 ft. above Ordnance Datum. 
During the year covered by the report, 26-48 miles 
of new mains were laid, bringing the total length of 
mains to 8,513-12 miles. The number of pumping 
engines in use was 295, of 66,460 collective horse­
power, including 12 portable pumps. The fuel 
consumed in pumping was 116,308 tons of coal, 
119 tons of coke, 1,150,577 gallons of oil and 
49,742,000 units of electricity, representing a 
standard coal equivalent of 150,062 tons. The 
report may be obtained from the Staples Press, 
Limited, 14, Great Smith-street, London, S.W.l, at 
the price of 5s.

Yours faithfully,
R. E. D. Bishop.

Engineering Laboratory, 
Trump ington Street, 

Cambridge.
December 5, 1952.
[* This article appears on

Production of Woodworking Machinery 
in the United States.

Among the teams of observers who visited the 
United States last year to study American work­
shop methods under the auspices of the Anglo- 
American Productivity Council was one repre­
senting that section of the British machine-tool 
industry which is concerned with the manufacture 
of woodworking machinery. Their report has now 
been published and may be obtained from the 
office of the United Kingdom section of the Council, 
at 21, Tothill-street, London, S.W.l, at the price 
of 3s. 6d. The team, consisting of ten members, 
visited nine English firms before leaving for America 
and paid official visits to 17 American works during 
their tour. In addition, various members called 
unofficially on eight further works and also visited 
the Forest Products Research Laboratory at 
Madison, Wisconsin. They came to the conclusion 
that the British industry compared “ very favour­
ably ” with the American industry in productivity, 
quality and design, though, as in the case of other 
industries, they realised that each had much to 
learn from the best practice of the other. They 
found that, on the whole, the British industry was 
the better housed and equipped, and, in the case of 
machines which were “ custom-built ” in small 
batches—which applies to a large proportion of 
woodworking machines—they saw little evidence 
that the overall productivity per man-hour was 
greater in the United States than in Britain. In 
some instances, however, where factories were con­
centrating on the production of a limited range of 
the lighter types of machines, for which there was a 
steady demand from both countries, the makers 
were able to adopt methods approaching those of

page 796.—Ed., E.]

ILLUMINATED LIFTING BARRIERS 
FOR RAILWAY LEVEL CROSSING.

To the Editor of Engineering.
Sir,—In reference to the illustration and article 

in your issue of November 28, on page 703, ante, 
lifting barriers for a level crossing, we note that 

describe the poles in such a way that the
tubular 

Adastra ”

on
you
impression conveyed is of a one-piece 
tapered pole. The poles are of the 
galvanised sectional-steel type, designed by us, and 

made from short tapered tubular sections, 
welded together. The poles, curtains and pedestals 
were fabricated in our works.

Yours faithfully,

= 0-09 are

for Poles, Limited, 
F. Southall.

Nickel Works,
Tyburn-road, Erdington, 

Birmingham. 
December 12, 1952.

The Late Mr. A. Caldwell, O.B.E.—Mr. Allan 
Caldwell, O.B.E., naval architect, died on December 9 
at Paisley, at the age of 62. A native of Ayrshire, 
Mr. Caldwell joined Constants, Ltd., London, 42 years 
ago, ultimately becoming a director. He specialised 
in the design and construction of small craft and wrote 
a book on Screw-Tug Design. Mr. Caldwell was a 
Liveryman of the Worshipful Company of Shipwrights, 

member of the Institution of Naval Architects and 
a member of the Institute of Marino Engineers.
a
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THE PROBLEM OF THE 
DYNAMIC VIBRATION 

ABSORBER.
THE DYNAMIC VIBRATION ABSORBER.

Fig. 1. Fig. 3.$11 IA11By R. E. D. Bishop and D. B. Welbourn.
The steady forcing of the simple system of Fig. 1 

is governed by the well-known equation

mx 4- cx + kx = F0sin to1.
The particular integral of the form

x = X0 sin (a) t — £), .

gives the steady solution and the vector method of 
evaluating X0 and £ is, perhaps, the best.* To do 
this, we contemplate the vertical projections of 
rotating vectors representing each term of equation 
<1) (see Fig. 2).

The advantages of this method are the following :
(i) The geometry of Fig. 2 enables us to write down 
the solution (2) in terms of F0, <0, and the parameters 
of the vibrating system.
(ii) By simple graphical means, we can proceed from 
an assumed value of X0 to find the position and 
magnitude of the relevant F0 vector whence, by 
proportion, the actual value of X0 is easily found.
(iii) The nature of the motion of the system of Fig. 1, 
as different values are taken for to, can be visualised 
from Fig. 2. Equally, the effects of varying the 
parameters m, c and k can be studied.

There is a considerable literature on the dynamic 
vibration absorberf but this problem appears 
always to be treated analytically. The purpose 
of this article is to discuss this problem from the 
rotating-vector point of view.

System of Two Degrees of Freedom.—The system 
to be discussed is that of Fig. 3 ; there are other 
ways of arranging the damping, but they can be 
handled by the method to be described.

The equations of motion of the two masses are

mi xi + (ci + cf) xi + (&i + k2) xi
— c2 x2 -f k2 x2 + F0 sin tot, L (3) 

m2 x2 -j- c2 x2 -|— k2 x2 = c2 xj -f- k2 x±,

F0 sin cot11 c ci C2Ih:—
vwwv

33I m 1WAA/1
k1 m2

KA/jVW\Al• (1)

. (2)
Fig. 2. cM

Fig. 4. m2co2\2

c2COX\ c2coX2
nijCO2 Xj

Vcot fejXj x2
Ttot-r,cot-ri

lFo

m, CO' X,Fig. 6. k,Xi

(1202 A.)

k,Mi
Thus, if equation (5) prevails, finite amplitudes 
correspond to zero applied force or infinite amplitudes 
result from a finite applied force.

Conclusion.—The vector method described is 
simple and is far less cumbersome than analysis. 
This is particularly desirable in teaching. It is 
possible to add more degrees of freedom to the 
system of Fig. 3, still using the vector method of 
finding the steady state of vibration. Extensions 
of this sort are being examined.

m2 (O' X2
“ENGINEERING'

chemistry, and there is a Department of Social and 
Professional Studies. The Technical and Design 
Engineering Department, of which Mr. A. N. 
Barber is the head, is situated in a building separate 
from the main block, and at present provides 
instruction in mechanical, aeronautical and electrical 
engineering to a level which should enable successful 
students to join one of the professional institutions. 
It is hoped to establish full-time courses leading 
to the award of external university degrees in 
engineering, as well as “ sandwich ” courses. Progress 
in both these directions will, however, depend on 
the co-operation of the managements of local 
industries.

The existing facilities in this Department include 
an aerodynamics laboratory containing return-flow, 
closed-jet and smoke tunnels ; an aircraft structures 
and materials laboratory, which has been equipped 
to demonstrate and investigate the principles of 
the theory of structures and to test actual aircraft 
components; and an aircraft ground engineering 
laboratory, which is provided with apparatus for 
illustrating the design and construction of typical 
airframes, as well as of aircraft engines and gas tur­
bines and their associated electrical and control equip­
ment. A temporary laboratory for the study of 
heat engines and hydraulics contains equipment for 
testing an experimental steam boiler, a reciprocating 
engine and a turbine. There are also low-speed 
and high-speed internal-combustion engines and 
apparatus for ascertaining the calorific value of 
fuel and the viscosity of liquids, and for studying the 
laws governing the flow of water over weirs and 
notches and through pipes, channels and orifices. 
The electrical-engineering laboratories are equipped 
with a good selection of modern machines, including 
a mercury-arc rectifier and a single-phase alternator. 
There are also a materials and metallurgical labora­
tory and a general-science laboratory for teaching 
elementary applied mechanisms.

The Works and Production Engineering Depart­
ment, under Mr. J. D. Smith, provides courses not 
only in production and machine shop engineering 
but in welding, electrical installation, heating and 
ventilating, and agricultural engineering. A special 
feature of both this and the Technical and Design 
Engineering Department will be the facilities for 
training in foremanship. The Building Department 
provides courses in carpentry and joinery, brickwork, 
plumbing, painting and decorating, as well as in 
welding and lead burning.

HATFIELD TECHNICAL COLLEGE.and, by means of vectors, we seek solutions of the 
form The new technical college at Hatfield, which was 

formally opened by H.R.H. the Duke of Edinburgh 
on Tuesday, December 16, will provide increased 
educational facilities in a part of Hertfordshire 
which has recently become a centre of engineering 
activities. In particular, it will obviate students 
having to travel to London for that purpose and 
will enable advanced instruction to be given locally 
in aeronautical work and, later, in other engineering 
subjects.

The college buildings are erected on a 90-acre site, 
which was the gift of Mr. A. S. Butler, chairman of 
the de Havilland Aircraft Company, Limited, 
Hatfield. When erection was begun shortly after 
the war, bricks, steel and labour were all scarce. 
The architect, Mr. Howard Robertson, in collabora­
tion with the consulting engineer, Mr. F. J. Samuely, 
therefore devised a system of reinforced-concrete 
construction, consisting of uprights and roof 
trusses, which were prefabricated on site and lifted 
into position. The resulting frame is in some cases 
filled in with brick, but the surfaces between the 
windows are faced with shingles of cedar. Shingles 
are also used for roofing the assembly hall and 
gymnasia. The area of glass is Very large, the 
result being a lightness of external appearance and 
excellent internal illumination. Care has been 
taken to guard against settlement or any movement 
due to temperature change by the free use of rubber 
expansion joints. Steam and other services 
obtained from plant on the sites and electricity from 
the mains of the Eastern Electricity Board. The 
main contractors for the buildings were Messrs. 
Gilbert Ash, Limited.

The college, of which Dr. W. A. J. Chapman is 
principal, provides day and evening courses in 
technical and design engineering, works and pro­
duction engineering, and building, as well as in 
commerce and the retail trades. Facilities are also 
available for the advanced study of physics and

xx = Xx sin (to t — 17), 
x2 = X2 sin (to t — If).

Starting with an assumed value and orientation 
of X2, the vector diagram of Fig. 4 can be con­
structed. This gives, first, the magnitude and direc­
tion of Xj and then the F0 vector. Thus, by 
proportion, we can find the true values of Xx and 
X2 from a known value of F0.

The “ picture ” of Fig. 4 can now be used to 
examine how the absorber reacts to different 
working conditions.

Special Cases.—Two cases concerning the un­
damped absorber are of particular interest. They 
relate to the tuned absorber and to the condition of 
resonance. In the tuned absorber, with setting 
Ci = c2 = 0, we consider the state of affairs when

(4)

k 2
w2 — —. In Fig. 4, it is clear that the Xx vectors 

m2
are all zero, giving the configuration of Fig. 5, from 

F
which we see that X2 = — which is, of course,

confirmed analytically.
At resonance, if cx = c2 = 0, the condition that 

F„ should vanish is shown in Fig. 6. This can be 
stated in two ways :

are
k2 X2 — (k2 -j- k2) Xx — mi to2 Xx,
ki Xi = m2 to~ Xx -f- m2 to2 X2. 

Eliminating Xx and X2,

[(&i + k2) — mi to2] (k2 — m2 to2) = k\ (5)

* See Inglis, Applied Mechanics for Engineers, 
Cambridge University Press, 1951, page 311.

t See Den Hartog, Mechanical Vibrations, third edition, 
McGraw-Hill, 1947, page 119 ; 
page 343.

also Inglis, loc. cit.,
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discussion it was hoped that some attention would 
be given to experience with shot-peened compon­
ents, because the data presented in the paper 
suggested that this method of increasing fatigue 
resistance required great care in application or it 
might not be successful.

Still further sections were presented on the effect 
of non-ferrous metallic coatings, and the deleterious 
effects of electroplated finishes were clearly brought 
out. In most cases there was a serious loss in 
fatigue strength due to plating. If a soft metal 
such as lead or zinc were deposited first, followed by 
a harder metal such as nickel or copper, it seemed 
possible to avoid a serious drop in fatigue strength 
in the component in question. The loss in strength 
was attributed to weakness in the plating itself, 
which failed under comparatively low fatigue loads ; 
then, because of the good adherence of the plated 
coating, the underlying material was weakened by 
the notch formed by a crack in the plating. Pre­
sumably, in the cases of lead and zinc, a plastic 
flow occurred in preference to early work-hardening 
followed by cracking, but the clarification of this 
issue would appear to be very important. The 
paper concluded with a discussion of the effects of 
metal-sprayed coatings, phosphate coatings, and of 
the acid-pickling process. The improvements 
ascribed to carburising were most impressive, and 
it would be helpful to learn whether, in engineering 
practice, carburising was specified merely to 
enhance the fatigue resistance of parts which other­
wise could be left in the normalised or heat-treated 
condition.

It should perhaps be stated by way of clarifica­
tion that P. A. Rehbinder and his collaborators 
found that the contact of a surface-active liquid 
in a non-polar hydrocarbon—in particular 0-2 per 
cent, oleic acid in a non-polar hydrocarbon oil— 
had a striking effect on the mechanical and elec­
trical properties of metals and other substances. 
These investigations recorded that, with single 
crystals of tin and zinc, the wetting produced a 
marked decrease in the yield stress and an increase 
in electrical resistance. Work by Dr. Andrade and 
Dr. R. P. Y. Randall, however, has shown that the 
mechanical Rehbinder effect was due to the dis­
ruption by the liquid of a hardening oxide film. It 
appeared that such effect as occurred was not due 
to penetration of the active liquid into surface 
cracks, as claimed by Rehbinder, and did not 
take place when the metal surface was really 
clean. Moreover, no one, so far, has been able 
to confirm the electrical effects reported by Reh­
binder.

Continuing, the rapporteur stated that after 
considering the production of controlled oxide films 
by direct oxidation and by electrolytic means, 
this work having been mainly carried out on cad­
mium, zinc, tin and silver, Professor Andrade 
described the strengthening or weakening effects 
of different procedures. Finally, the interesting 
suggestion was made that the running of dislocations 
might actually carry atoms of the surface contami­
nant into the metal, and, though this was not quite 
certain, it would appear to be a useful point for 
discussion.

Professor Gurney’s paper on “ The Effect of 
Surface Condition on the Strength of Brittle Mate­
rials ” gave an account of how a really brittle but 
only partly crystalline non-metallic material such 
as glass behaved mechanically. The mechanical 
characteristics changed when the surface of glass 
was attacked by water and carbon dioxide, and 
this resulted in delayed fracture. The paper 
clearly restated the classical contributions of A. A. 
Griffith with regard to inherent surface cracks or 
imperfections and extended the argument by a 
record of the author’s own experiments in this 
field. The concept of a finite time to fracture 
depending on the applied stress had been worked 
out. The fatigue experiments on glass specimens, 
of great interest in themselves, had been harmonised 
with static-fatigue tests and tests at variable 
frequency. This had been done by taking time as 
the variable. An interesting discussion of the 
strength of glass having an undamaged surface was 
contained in this paper, and an explanation of the 
data was given by regarding glass as a very viscous 
liquid containing holes in the lattice, which, in 
any case, was probably not arranged like that of a 
perfect crystal. Furthermore, the high strength 
of fine fibres was traced to the healing of the larger 
weak patches during drawing, and the freezing-in 
of the drawn configuration during rapid cooling, 
although other factors were not excluded. The 
discussion on glass was supplemented by a final 
section on other brittle materials, including plastics 
and ceramics. A parallel was drawn between the 
attack of organic liquids on the surface of plastics 
and the action of water and carbon dioxide on glass. 
In this conference, devoted primarily to metals, 
this illuminating paper was accorded a special 
welcome.

The paper by Mr. Love, entitled “The Influence 
of Surface Condition on the Fatigue Strength of 
Steel,” was a comprehensive survey of the whole 
field. The first part of the paper comprised a 
critical review of the subject itself, while the re­
mainder developed the subject factually and system­
atically and contained ten tables of summarised data. 
After a discussion of the effect of machining and 
polishing, other surface treatments were considered, 
such as flame- and induction-hardening. Other 
sections then followed on the influence of carburis­
ing, decarburisation, nitriding and cyaniding, and 
the data under each head were clearly presented. 
Some of the data appeared contradictory, but, 
generally speaking, the conclusions which could be 
drawn were clear. The influence of surface rolling 
and pressing were next reviewed, followed by the 
effects of cold-working produced by straightening 
or overstraining a component or by deliberately 
shot-peening it to work-harden the surface. In the

SYMPOSIUM ON THE 
PROPERTIES OF METALLIC 

SURFACES.
(Continued from, page 751.)

At the afternoon session of the general meeting 
of the Institute of Metals, held at the Royal Institu­
tion, London, on November 19, the remaining six 
papers in the symposium on the “ Properties of 
Metal Surfaces ” were discussed. They were “ The 
Influence of Machining and Grinding Methods on 
the Mechanical and Physical Condition of Metal 
Surfaces,” by Mr. P. Spear, Mr. I. R. Robinson and 
Mr. K. J. B. Wolfe ; “ The Effect of Lubrication and 
Nature of Superficial Layer after Prolonged Periods 
of Running,” by Dr. F. T. Bar-well; “The Effect 
of Surface Conditions on the Mechanical Properties 
of Metals, Mainly Single Crystals,” by Professor 
E. N. da C. Andrade, F.R.S.; “ The Effect of 
Surface Conditions on the Strength of Brittle 
Materials,” by Professor C. Gurney; “ The Influ- 

of Surface Condition on the Fatigue Strengthence
of Steel,” by Mr. R. L. Love ; and “ The Influence 
of Surface Films on the Friction and Deformation of 
Surfaces,” by Dr. F. P. Bowden, F.R.S., and Dr. 
D. Tabor. The chairman was Dr. D. G. Sopwith.

Mr. D. A. Oliver, who presented the six papers as 
rapporteur said that they dealt particularly with the 
production and characteristics of surface obtained 
by known means, which ranged from widely-used 
engineering methods to electrolytically-polishcd, 
stress-free surfaces cleaned by high-vacuum tech­
niques. The effects of surface films on the mechani­
cal properties were considered, and what happened 
when they were brought into rubbing contact with 
one another was carefully reviewed.

The first paper, by Mr. Spear, Mr. Robinson and 
Mr. Wolfe, attempted to give comprehensive corre­
lated information on the nature of a machined sur­
face following drilling, turning, grinding, honing 
and super-finishing for a variety of materials, includ­
ing mild steel, Duralumin and a leaded 60 : 40 brass. 
The resulting surface smoothness or roughness had 
been recorded, some idea of the state of residual 
surface stress had been obtained by back-reflection 
X-rays, and the general degree of work-hardening 
produced on the work-piece had been explored by 
direct hardness measurements. In the turning 
experiments, high-speed steel, carbide, and a new 
alumina-ceramic tipped tool had been included. 
The conclusions of this largely original research 
conveyed the broad conception that a machined 
surface could be expected to have a certain surface 
smoothness or texture and be work-hardened to a 
certain depth and that this layer was in a highly 
stressed condition, the surface layer stresses probably 
being tesselated.

The next paper, by Dr. Barwell, entitled “ The 
Effect of Lubrication and Nature of Superficial 
Layer after Prolonged Periods of Running,” was a 
critical survey of what was known of the conditions 
existing in bearings when both liquid and solid 
lubricants were present and under conditions of 
speed and loading leading to failure by surface 
breakdown.
abrasion, and fretting corrosion were all dealt with, 
and to some extent this paper supplemented the 
last of the series, by Dr. Bowden and Dr. Tabor. 
Dr. Barwell gave a detailed discussion of actual 
failures occurring in bearings, and thus this critical 
survey was a happy bridge between the purely 
engineering and the more physical-chemical points 
of view. The effects of phosphating on steel and 
of anodising on aluminium were also mentioned, and 
finally the important part played by metal soaps 
was considered, when the bearing metal could react 
chemically with the lubricant.

The next paper, by Professor Andrade, entitled 
“ The Effect of Surface Conditions on the Mechanical 
Properties of Metals, Mainly Single Crystals,” 
constituted a discussion of the mechanical and other 
effects of oxide coatings on single crystals, with due 
emphasis on fundamental phenomena. This con­
tribution was a blend of original experimental 
research and a critical review of contemporary 
work. Much light was thrown on the so-called 
Rehbinder effect, and a satisfactory alternative 
explanation was given.

The last paper of the series, by Dr. Bowden and 
Dr. Tabor, entitled “ The Influence of Surface Films 
on the Friction and Deformation of Surfaces,” dealt 
comprehensively with the phenomena of friction 
between rubbing surfaces and how this was pro­
foundly modified by air or oxygen as compared with 
a technically-clean surface in vacuo. It was shown 
that the plastic, polytetrafluoroethylene, was the 
only material which was not greatly affected by the 
presence of an oxidising atmosphere. The paper 
also discussed very thoroughly the effect of adsorbed 
water films and oxidised films produced electro- 
lytically, and attention was drawn to the profound 
changes in friction between clean and oxide-coated 
metals. An excellent discussion on the Beilby 
layer followed and recent views on its structure 
were carefully and fully stated. Friction between 
polished surfaces was then considered in detail, and 
interesting deductions were drawn from micro­
hardness tests. Following that morning’s discus­
sion, a little more time might usefully be given to 
discussing what was meant by the statement that 
the Beilby layer was amorphous, unless it had 
recrystallised systematically. The paper concluded 
with a discussion of lubricant films and the question 
of metallic transfer in relation to the observed 
values of friction. Finally, mention was made of 
other types of protective film and the very low 
frictional characteristics of polytetrafluoroethylenc- 
impregnated porous metal. This remarkable com­
bination maintained a very low coefficient of friction 
up to 300 deg. C.

(To be continued.)
Continuous w'ear, scuffing, pitting,

Wastage of Coal.—Mr. A. L. Ford, in his presi­
dential address to the North of England Institute of 
Mining and Mechanical Engineers at Newcastle-on- 
Tyne on December 6, referred to the present waste in 
the use of coal and asserted that the average efficiency 
in the use of 200 million tons consumed in Great Britain 
was only 15 per cent. In some cases, such as in coal- 
fired locomotives and in domestic fires, the efficiency of 
utilisation was as low as from 6 to 10 per cent. Mr. 
Ford emphasised how imperative it was that the most 
diligent research work should be continued, and on 
a national basis.

Space Heating Directly by Gas : Errata.— 
We have been asked by the Chandos Engineering 
Co. Ltd., 17, High-street, Egham, Surrey, to amend 
two statements in the article on their Gasanair heater, 
which appeared on page 767 of our December 12 issue, 
and which do not apply to the latest types of heater 

supplied by them. The Carbocell chamber is 
constructed in cast iron, and not in welded mild 
steel; and it is provided with a bolted cover with a 
gastight gasket, which serves both for charging and 
discharging, instead of with separate doors for the two 
operations.

now
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Mr. Williams’s cautious attitude towards his prob­
lem, because, comparatively recently, a very 
elaborate paper on rolling had been presented to 
another institution, in which the authors, on the 
basis of their mathematics, were quite satisfied that 
they could tell whether a ship was safe from cap­
sizing. Unfortunately, just after that paper was 
read, the Plying Enterprise circumstance arose, to 
knock the bottom out of all their mathematics. 
He doubted whether, at present, it was necessary 
to go farther with the mathematics than Mr. 
Williams’s very simple addition to the classic 
Proude theory, the addition of a term with the 
resistance varying as the velocity only. He would 
join issue with Mr. Williams, however, on his 
statement that, unfortunately, the damping was 
not proportional to the angular velocity © alone, 
but also included the square of the angular velocity, 
which brought the term b ©2 into the extinction. 
He thought that old expression had been fairly well 
killed by Mr. M. P. Payne in 1924 and Mr. Gawn 
in 1940. It was necessary, as a practical measure, 
to accept and adopt the assumption that the 
resistance varied as the angular velocity alone. It 
was not correct, but it was near enough to the 
truth. The important thing was that the ship 
would roll heavily only when she met waves of 
about her own natural period. The other thing 
that mattered was the position of the ship at the 
maximum angle on the wave. Those were the two 
important elements, from the theory, and he 
regretted that, in Mr. Williams’s experimental 
investigation, there were no data on the wave slope. 
It was of no use to check the mathematical expres­
sion unless the wave slope could be related to the 
maximum angle. It appeared from photographs 
of ships rolling that, in every case, they seemed to 
roll towards the crest of the wave, which was 
another piece of evidence that completely justified 
the simple mathematical consideration.

Professor Sir Thomas H. Havelock, F.R.S., found 
the paper of much interest, not only for its main 
purpose and the main results, but because there 
were so many interesting side tracks to explore. 
For instance, in the paper there was an attempt to 
apply a statistical formula to the probable amplitude 
of rolling in a random sea. What was the definition 
of a completely random sea ? He presumed that 
the answer would be some kind of mathematical 
specification such as was given in the appendix. 
However, it appeared that Mr. Williams was not 
able to find completely random conditions at sea; 
perhaps the completely random sea was also a 
convenient mathematical fiction, like the completely 
regular sea. The work showed that, in general, 
the motion of the sea had underlying regularities 
with random perturbations superposed ; and there 
was a corresponding response in the motions of the 
ship, depending upon the characteristics of its 
natural oscillations. Turning to the general con­
clusions, it would appear at first sight as if forced 
rolling did not occur; but presumably that con­
clusion must be taken as subject to the conditions 
under which the observations were made. If there 
were regular waves which would have produced 
forced rolling, the ship’s course was such—or was 
altered to be such—that it was not allowed to 
develop. The amplitude of the forced pitching 
varied in a cyclical manner, suggesting interference 
by a second period ; that was supposed to be due to 
superposed tree pitching, constantly regenerated by 
the irregularity of the sea. That was probably 
true ; in fact, if the problem were approached only 
in terms of the simple linear theory of pitching, that 
was the only other period that could be considered. 
In view of the heavy damping of free pitching, 
however, it was difficult to see how it could be 
maintained with sufficient regularity to give the 
observed effect. The same phenomenon occurred 
with models in a tank, where, presumably, the 
waves were smooth and regular. No doubt, the 
cyclical variation of amplitude was more regular in 
a tank than in the open sea, but it seemed to be the 
same effect, and, naturally, that suggested a common 
cause. The fact was that the present simple theory 
of pitching was inadequate for motions of large 
amplitude, even in regular waves. Another point, 
not referred to in the paper, was the possible coupling 
of the natural oscillations. The author’s analogy,

that a ship was a filter tuned to a certain selective 
frequency, was attractive, but, unfortunately, it 
must be complicated by more detail. There were 
three selective frequencies ; and, further, heaving, 
pitching and rolling were not generally independent, 
but were coupled. Coupling was usually assumed 
to be small and had been neglected, but he was 
sure it must be taken into account for motions of 
large amplitude ; the effects might be quite import­
ant for motion in a rough sea, especially perhaps for 
heaving and pitching. In that connection, he 
asked whether records were taken of heaving; or 
could that motion be deduced from records taken 
during pitching ?

Mr. V. G. Shcpheard (Director of Naval Con­
struction, British Admiralty), in a written com­
munication which was read by Mr. R. W. L. Gawn, 
said that ship designers had always regarded 
information on the motion of ships in seaways as 
fundamental to their art and had regretted that 
their thirst for knowledge on the subject was 
limited by the measurements they could make and 
the accuracy with which they could be taken. The 
last decade or so had seen great strides in instrumen­
tation techniques, rendering available means of 
recording the motions of a ship more completely 
and accurately than ever before. There were still, 
however, some components of the motion which 
were not so fully or so accurately covered as 
could be wished, and, unfortunately, it had not 
been found possible to record in so much detail 
and with such a high degree of accuracy the 
characteristics of the sea which were the cause of 
the ship’s motion. The advance in the ability to 
record and study the fundamentals of ship motions 
came at a most opportune time, because, with 
present-day stabilising equipment, the knowledge 
could be turned to practical account, both by the 
designer of a liner, to increase the comfort of the 
passengers, and by the designer of a warship, to 
make her a better platform for offensive and 
defensive weapons.

They had only begun to touch the fringe of a most 
involved and complex subject, and it was imperative 
to continue the studies. Theory seemed to have 
gone about as far as it could until more experimental 
evidence became available, but obtaining it was 
costly and took a great deal of time. However, it 
was not unreasonable to expect that soon there 
would be available a number of statistical instru­
ments which would supply useful information with­
out the necessity for the continuous presence of 
specialist scientific teams. Advances in knowledge 
could be much expedited, and the need for costly 
trials with ships at sea much reduced, if more 
facilities were available for model experiments, but 
such facilities were complex in character and their 
first cost was high. There was no doubt, however, 
that they were a good investment for any organisa­
tion vitally interested either in reducing ship motion 
or in a more complete knowledge of its character­
istics. The author had limited his investigation to 
a precise objective and had wisely confined his 
measurements to what was happening to the ship, 
paying no more than passing attention to the 
state of the sea which was causing the motion. His 
conclusions, that when the ship was rolling heavily 
the motion was very nearly simple harmonic, and 
that, as the amplitude of roll increased, its period 
tended to a unique value approximating to the 
still-water rolling period, were of great significance, 
and would be searehingly studied by those concerned 
with stabilisation problems.

(To be continued.)

THE INSTITUTION OF 
NAVAL ARCHITECTS’ 
AUTUMN MEETING.

(Continued from page 755.)
The eighth and last paper in the programme of 

the autumn meeting in Italy of the Institution of 
Naval Architects, held jointly with the Associazione 
Italiana di Tecnica Navale was presented in Rome 
on September 29. The author was Mr. A. J. 
Williams, R.C.N.C., who described “ An Investiga­
tion into the Motions of Ships at Sea.”

The Motion of Ships at Sea.
The material presented in the paper, the author 

stated, was obtained in the course of various sea 
trials carried out by the Admiralty for the purpose 
of obtaining data for use in the design of stabiliser 
systems, the vessels concerned being the aircraft- 
carrier Vengeance and the destroyer St. Kitts in 
1949, the frigate Cygnet in 1950 and 1951, and the 
cruiser Cumberland in 1951. To analyse the motions 
of a ship, with its six degrees of freedom and no 
fixed datum, apparatus was used which consisted 
of a free and a constrained gyroscope, the free gyro 
remaining steady in space, while the other was 
constrained to preeess about the axis of the motion 
to be recorded. Instruments were developed which 
would record simultaneously the displacement, 
velocity and acceleration of roll, pitch and yawing 
motion, these motions being indicated by quadrant 
plates and converted into electrical signals which 
could be amplified and recorded. Three sets were 
required for the complete description of a ship’s 
motion. In general, it was found that the rolling 
period of a ship in heavy weather tended towards 
a unique value for large amplitudes, and there was 
reason to believe that it was the still-water rolling 
period of the vessel. In the absence of data from 
sea trials of conventional warship designs, it was 
submitted that a useful approximation to the mean 
value of the still-water rolling period TR in a deep 
or half-loaded condition, was given by tfie equation 
Tr (in seconds) = 2-55 A|, A being the deep 
displacement in tons. Heavy rolling approximated 
closely to simple harmonic motion, and no appre­
ciable error was involved in calculating angular 
velocities and accelerations on that assumption. 
Under confused sea conditions, the predominant 
rolling period was the appropriate still-water period, 
and the author suggested a statistical law governing 
the frequency of occurrence of roll amplitudes of 
various magnitudes. The overall probability of 
“really heavy motions” during a ship’s time at 
sea was found to be “ very small indeed.”

Discussion.
Professor G. Rabbeno, opening the discussion, 

said that, in 1935, he had presented to the Associa­
tion Technique Maritime et Aeronautique a memo­
randum on “The Stabilisation of Ships in a Wavy 
Sea,” which was published in vol. 39 of the Asso­
ciation’s Bulletin. In it, he drew attention to the 
fact that the greatest discomfort caused to passen­
gers by extensive rolling was due to tangential 
acceleration. Following that statement, Professor 
A. Servello had suggested in his work on the stability 
of ships (Tecnica Italiana, No. 3, 1951) that the 
value of the maximum transverse tangential acceler­
ation at the level of the highest part of the super­
structure should be taken as a measure of the 
rolling in waves. Numerical values of that accelera­
tion could be fixed for the various types of merchant 
ships, from which values the determination of the 
most suitable GM for each case could be deduced. 
The modern tendency in American naval construc­
tion, for security reasons, seemed to increase 
towards limits never assumed before, the initial 
metacentric height pf passenger ships at the begin­
ning of a voyage being about 1/20 of the ship’s 
breadth. To reduce the effects of high values of 
the tangential acceleration on fast passenger ships 
it might then be necessary to close successively the 
uppermost decks of the superstructure to passengers 
as the sea conditions worsened. Alternatively, 
perhaps water ballast tanks at a high level migfit 
be provided.

Professor A. M. Robb said that he welcomed

Electricity Supply Tariffs and Short-Time 
Working.—The standard industrial tariffs for electri­
city recently adopted by the North Western Electricity 
Board consist of a kilowatt demand charge and a 
charge per kilowatt-hour, thus providing an incentive 
to long hour usage. Owing to short-time working, 
particularly in textile mills, however, it has been 
found that the reduced consumption has led to an 
increase in the average price. The Board have therefore 
decided to introduce ceiling prices of 2d. or 2%d. per 
kilowatt-hour (depending on the tariff in force), 
except in certain special cases; and to make this 
charge retrospective from the date on which the 
consumer became liable under the new tariff. This 
policy will continue until March 31, 1953.



ENGINEERING. 799Dec. 19, 1952.
fighter and, over a somewhat longer period, render 
the conventional bomber obsolete.

There are, already, aircraft built which have rocket 
armament in place of guns, and the next step could 
be a “ carrier ” aircraft for guided weapons. Such 
a machine would be designed to cruise far from its 
base, to locate and home by radar on the enemy 
bomber while the latter is some distance from its 
target, releasing the missiles when within range. 
The obvious intermediate defensive-attack machine 
for day operation, between the present jet fighter 
and the guided weapon to come, is the p:loted 
rocket fighter, similar to the German ME. 163 of 
the last war.

All these new developments of the last decade 
have made it very difficult for the air staffs of the 
world to formulate any definite forward plans. If 
they commit themselves to a massively expensive 
Air Arm of conventional pattern (with the gas 
turbine in place of the piston eng'ne) they may 
find, too late, that the potential enemy has an effec­
tive guided weapon, rendering their bomber force 
obsolete almost overnight. But since a spec:fication 
cannot yet be written for an “all-can-do ” guided 
weapon, a nice balance has to be struck in ordering 
sufficient numbers of present-day fighters and 
bombers to cover the unknown period which must 
elapse before “ push-button ” weapons aie finally- 
proved.

Whatever happens, the effect of these develop­
ments upon military aviation in the next ten and 
20 years will be profound, and may, for instance, 
alter the whole concept and set-up of the Royal 
Air Eorce. The piloted fighter will probably dis­
appear within ten years (in favour of the guided 
weapon), and the orthodox bomber in 15 or 20 
years. Assuming that all the principal countries 
eventually achieve the same success in the guided- 
weapon field, it is conceivable to envisage a stale­
mate in the air—with “ground-to-air” and “air- 
to-air ” nr'ssiles so accurate in their ability to hit 
each other that air warfare as such passes out of the 
picture, leaving “ ground-to-ground ” missiles of 
short and long range to take their place, in lieu 
of artillery. But such technical perfection rarely 
happens; and there must always remain some 
insurance in the form of, say, large quantities of 
well-proved “ ground-to-air ” guided weapons imme­
diately available, to ensure the maximum protection 
against the delivery of the most lethal weapon of 
destruction which has yet been devised by man— 
the atomic bomb.

There is some apprehension of the present high 
production cost of the guided weapon, on the 
assumption that many thousands would have to be 
supplied. But its cost is very small indeed when 
compared with that of a modern air force equipped 
with the latest fighters and bombers; particularly 
when taking into consideration the enormous 
complementary cost of airfields with 10,000-ft. 
runways, and the ground crews and other personnel 
which are necessary to maintain and sustain a large 
air force.

I believe it has been estimated that the cost of 
shooting down one German bomber in the last war 
was 500,000/., based on the original value of all the 
guns, the predictor equipment employed and the 
ammunition expended during a particular engage­
ment. Therefore, even if each guided weapon cost, 
say, 20,000/. and registered one hit for every six 
or even 12 missiles launched, the effort involved 
would be well worth while—always remembering 
that the target to be hit may be one carrying the 
atomic bomb. If all these things come to pass, the 
role of an air force in about 20 years’ time will be 
that of a highly-developed transport organisation 
to carry men and equipment to the operational areas 
and theatres of war.

The present-day jet fighter and jet bomber cost 
between five and ten times more than the equivalent 
aircraft used in the last war. Then, fighters such 
as the Hurricane and Spitfire could be built and 
equipped for about 5,000/. apiece and bombers like 
the Lancaster for 60,000/. to 70,000/. each. But a 
modern jet-propelled day fighter will cost anything 
from 25,000/. to 50,000/., an all-weather or night 
fighter 150,000/., and a large bomber 700,000/. to 
1,000,000/. Some of the largest bombers now 
being built in the United States cost more than

These aerodynamic improvements have now 
taken us up to the so-called sound barrier (Mach 
No. 1); and some experimental and research 
machines, notably the Douglas Skyrocket, have 
exceeded the speed of sound by a good margin, 
i.e., they have flown at over 1,200 m.p.h. at an 
altitude of 79,500 ft. The Skyrocket is an inter­
esting research aircraft. It has a wing span of 
25 ft. with a sweep-back of 35 deg. The all-up 
weight is 15,000 lb., which includes about three tons 
of fuel for its four rocket tubes. This fuel is used 
up in, approximately, four minutes. Originally, 
it was fitted with a conventional turbo-jet engine 
for take-off, but this was removed to make room for 
more rocket fuel, and the machine itself was then 
carried to altitude, slung in the bomb bay of a B.29 
and launched at about 30,000 ft. The Skyrocket 
flies faster than the Earth’s rotation, which is 
about 1,000 m.p.h. at the Equator.

One of the difficulties attending high-speed flight 
of the future will be that of insulating the pilot, 
his crew and the passengers from the heat generated 
by the high-velocity passage of the aircraft through 
the air, the friction of which considerably raises the 
temperature of the outer skin of the aircraft. In 
the case of the Skystreak, a machine built before 
the Skyrocket, a failure of the cockpit refrigeration 
occurred causing the temperature to rise to 
165 deg. F. Apart from personnel comfort and 
safety, the modern light alloys used in aircraft 
construction show a reduction in strength of about 
10 per cent, at 200 deg. F. (93 deg. C.) and 50 per 
cent, at 400 deg. F. (205 deg. C.). Therefore, 
I cannot envisage rapid development of supersonic 
aircraft except for special and urgent military 
requirements. Flight at supersonic speeds demands 
a very large increase in the thrust of the engine to 
enable the machine to pass from the sub-sonic, 
through the sonic (trans-sonic), to the supersonic ; 
and then the aircraft man will again be short of 
power, as he was in the piston-engine era.

It is an interesting speculation that a fuselage of, 
the size of the Bristol Britannia could sustain

THE AIR AND THE FUTURE.*
By Am Commodore F. B. Banks, C.B., 

O.B.E., M.I.Mech.E.

In my first addressf and in a subsequent lecture 
I attempted to give some idea of the historical 
development of the aviation engine ; and I indicated 
the principal technical advances, such as super­
charging, together with the use of improved fuel, 
wh’ch determined further progress and success in 
building engines and aircraft of outstanding per­
formance in the last war—to the Whittle jet- 
propulsion gas turb’ne. It is my purpose to-night 
to show how the future may be affected by the 
progress in eng:ne and aircraft development, and 
also by the rapid advances made in other comple­
mentary fields of endeavour.

Prior to the advent of the aviation gas turbine, 
the aircraft designer was never long satisfied with 
the power available for his needs; but when the 
turbo-jet arrived and so quickly established itself 
he was, temporarily, faced with more power than 
he could effectively use. In the first place, the 
high power available from the gas turbine could not 
be used effectively with the conventional airframe 
because of the rise in “drag ” or resistance of the 
aircraft to the air. This prevented the machine 
from going faster, regardless of the power used, 
due to a “shock wave” forming on the aircraft 
surfaces in regions of high induced velocity. These 
Mach numberj linidations were already present in 
p'ston-eng ned aircraft such as the Spitfire and the 
Typhoon, before the advent of the gas turbine.

Naturally, the performance of the supersonic 
aircraft is also affected by th;s compressibility 
feature of the air; and the pressure wave, which 
normally travels at sonic speed and is, therefore, 
able to keep ahead of the sub-sonic aircraft, 
is overtaken by the supersonic machine and 
“ attaches ” itself, in the form of a shock wave, to 
the frontal parts of the latter—thereby increasing 
the “drag” up to the limiting Mach number of 
the aircraft.

German research into high-speed flight in the last 
produced a practical method of delaying the 

onset of the shock-wave effect by giving some 
degree of sweep-back to the wing, and the tail. 
From this research also came the Delta wing. 
A very thin wing would probably give equally good 
and, perhaps, better results, certainly for super­
sonic flight, if it could be made sufficiently strong 
and torsionally stiff. Its thickness would, however, 
have to be in the order of from 5 to 7 per cent, of 
the wing chord or width. This presents quite a 
design and structural problem, but one capable of 
eventual solution by the use of special materials 
and radical design. The principal disadvantage of 
the thin wing is that little or nothing can be put 
inside it, such as fuel and, in the case of the military 
aircraft, armament. The Delta wing is ideal for 
this purpose, since it is relatively thick and can 
contain a large proportion of the fuel and equipment.

say,
itself in level flight at about 1,000 m.p.h., without 
wings, by its own aerodynamic “lift ” and that of 
its tail surfaces—provided, of course, it was of the 
right shape for supersonic speed. This may sound 
attractive for the future, but, apart from the 
enormous power required, it is probably impractic­
able of attainment, since wings would be needed for 
take-off and landing and at all flight speeds below 
the maximum; and the technical (mechanical) 
problems of designing a folding wing, to stow it and 
still carry an economic payload, are practically 
insurmountable.

war

Development of Guided Weapons.
In the case of military aviation, another more 

recent development has further complicated the 
final issue. This is the advent of the guided 
weapon or missile, which had its start during the 
war when the Germans produced the pilotless V-l 
and V-2 weapons—and also a bomb which, when 
released, could be guided to its target from the 
aircraft. The latter was used against shipping 
with some effect. To-day, the guided weapon is 
being intensively developed for defensive and 
offensive purposes, thanks to the advances made in 
electronics and radar, etc. This weapon, which 
comprises a warhead propelled by a rocket or by 
a combination of a rocket and a ram-jet, can either 
be guided from the ground by radar and electronic 
devices, or launched and “ homed ” on its target, 
an enemy bomber, without ground aid. It is the 
latter method, of automatic guidance, which is now 
receiving great attention.

While the guided weapon is presently of relatively 
short range, though having much higher rate of 
climb, velocity and altitude than the piloted 
fighter, its main use is for defensive purposes, to 
combat the enemy bomber ; but it is only another 
step to apply the guiding and homing principles 
to a long-range vehicle, such as a crewless bomber, 
a long-range rocket or a ram-jet. A bomber 
without crew, which would be a one-way machine 
and self-destroyed at the target, could be built for 
about one third of the all-up weight and cost of a 
normal bomber of the same bomb capacity. These 
developments may eventually eliminate the piloted

* Presidential address to the Junior Institution of 
Engineers, delivered in London on Friday, December 12, 
1952. Abridged.

t See Engineering, vol. 173, page 54 (1952).
j Mach number is the ratio of the speed flow of a gas 

to the speed of sound at the same conditions. Put 
differently : the Mach number of an aircraft is the ratio 
of its speed to that of sound, which latter is proportional 
to the square root of the absolute temperature of the air. 
For instance, the speed of sound (Mach No. 1) at normal 
temperature (60 deg. F.) is about 760 m.p.h., and at the 
low temperature at the tropopause (35,000-36,000 ft.) is 
approximately 660 m.p.h. Ernst Mach, from whose 
name and work is derived the term “ Mach number,” 
was born on February 18, 1838, at Turas in Moravia. 
He studied at the University of Vienna, and in 1864 
became professor of Mathematics at Graz. He returned 
to Vienna as Professor of Physics. Subsequently, he 
changed his chair to that of the “ Theory of Inductive 
Sciences.”
Vienna shortly before the first World War, to live in 
obscurity in Munich, where he died on February 19, 
1916. Professor Mach’s researches in the supersonic 
field on the flight of projectiles and shock waves are 
original and classic ; but it is only in recent years that 
his name has become generally known, due to this work 
and its present great importance in relation to modern 
aerodynamics progress.

He retired from active life in 1901 and left
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1,000,0001. each ; and the electronic fighting, navi­
gating and bombing aids with which they are 
equipped represent a large proportion of the total 
cost of the air-frame and its engines. In fact, the 
cost of this equipment alone is in many cases several 
times that of a complete bomber of the last war.

Since these costs mainly represent man-hours of 
effort, it is difficult to see how any country to-day, 
with the possible exceptions of the United States 
and Russia, can embark upon a production pro­
gramme involving more than a few hundred air­
craft per month, of all types—including military 
transports, small communications aircraft, heli­
copters, etc. In the case of axial-type turbo-jet 
engines such as the Avon and Sapphire, only about 
one-third or less of these units could be built to-day, 
as compared with the number of piston engines 
which were produced in the last war, assuming 
that the same effort and equivalent facilities were 
available.

kind. The committee stated that it was prepared 
to enter into a national discussion on the difficulty,, 
but that the embargo on the firm’s master patterns 
would have to remain, because the payment of 
patternmakers’ wages to employees working on 
metal patterns was a matter which the committee 
regarded as settled.

LABOUR NOTES.
Heavy engineering is reported to be one of the 

basic industries which are to be examined by 
members of the policy sub-committee of the Labour 
Party, with a view to determining whether they 
will be suitable for nationalisation in the near 
future. The other industries to be investigated are 
shipbuilding, textile machinery, and aircraft con­
struction. Approval of this course of action was 
given at a meeting of the policy sub-com­
mittee in London on Monday last. It was decided 
that the guiding principles to be applied should be 
whether and, if so, to what extent, the public owner­
ship of these industries would be likely to increase 
production and improve the balance of payments 
position in the sterling area.

The meeting of the policy sub-committee fol­
lowed a meeting of the national executive com­
mittee of the Labour Party on Saturday and 
Sunday last. In a statement issued subsequently 
by Mr. Morgan Phillips, the Party’s secretary, it 
was announced that the committee had given 
considerable and detailed consideration to the 
major economic problems confronting the nation 
and the world at the present time. Special atten­
tion had been given to what the committee regarded 
as being the world’s key problem, namely the dollar 
gap. The problem had a two-fold character. There 
was the difficulty of meeting the United Kingdom’s 
lack of dollars, and that of making good the dollar 
shortage of the rest of the sterling area.

Later, further discussions took place between the 
firm and its employees belonging to the Association, 
and a settlement agreeable to all parties was 
reached. This provided that the firm should dis­
miss the three men as fitters, re-engage them as 
patternmakers, and pay them at the rate due to 
their improved status. To enable this course to 
be taken, the three men were admitted members of 
the Association’s ancillary section. Mr. Beard 
concludes by expressing the hope that apprentices 
will have an opportunity to perform this work in 
the near future.

The Future of Civil Aviation. Leaders representing both sides of industry met 
Mr. R. A. Butler, the Chancellor of the Exchequer, 
in London on Wednesday last, to discuss the Govern­
ment’s plans for the re-organisation of the nation’s 
industrial resources, designed to meet the develop­
ment needs of the various Commonwealth countries. 
The main problem requiring solution appears to be 
how to supply these countries with capital goods 
at a rate of from 250 to 300 million pounds per 
annum, while, at the same time, increasing Britain’s 
exports to non-sterling countries by about 10 per 
cent. This requires that more attention shall be 
given to the production of capital goods for export, 
at the expense of consumer goods.

Civil aviation has now been with us for some 
25 or 30 years, but its expansion since the last war 
has been such as to leave no doubt whatsoever of 
its future. While it can only compete in a frac­
tional way with railways and shipping as a cargo 
carrier, civil aviation is certainly complementary 
to these two methods of transport in carrying 
passengers and has, in fact, made serious inroads 
into their passenger business. Even as a cargo 
carrier it can, in many cases, deliver its relatively 
small unit loads to many remote and inaccessible 
places far more economically and quickly than the 
combined efforts of the railway, shipping and road 
and animal transport.

The Atlantic crossing, which is so important to 
the Old and New Worlds, became the goal of the 
aviation pioneer immediately after the first World 
War ; and the feasibility of regular Atlantic cross­
ings was finally proved in the last war, when many 
hundreds and even thousands of persons were 
flown both ways in flying boats and in improvised 
bombers. Bombers themselves, and even fighters, 
such as the Canadian-built Mosquito aircraft, were 
delivered to this country “under their own steam,” 
sometimes non-stop, from the North American 
continent.

The first non-stop crossing of the Atlantic was 
made by John Alcock and Whitten Brown in 1919, 
in a Vickers Vimy biplane fitted with Rolls-Royce 
Eagle engines. They started from Newfoundland 
and landed in Ireland. Practically the whole flight, 
of 16 hours and 12 minutes, was in terrible weather, 
with the machine only a few feet from the surface 
of the sea. There was little opportunity for Broun 
to take astral sights and there were no instruments 
which permitted blind flying. It was a great feat 
by two very brave men.

Eight years later, Charles Lindbergh crossed 
non-stop from New York to Paris in 33| hours. 
In 1951, the Canberra crossed from Northern 
Ireland to Newfoundland, against the prevailing 
headwinds, in 4 hours and 18 minutes. Thirty-three 
years after the Alcock and Broun crossing, and on 
the 25th anniversary of Lindbergh’s flight, the first 
scheduled airline flight by a jet transport machine 
was made from London to Johannesburg by the 
Comet, in an elapsed time of 23 hours and 34 
minutes. Still more recently, a Canberra completed 
the round trip from Ireland to Newfoundland and 
back in about half the time taken by Alcock and 
Brown for the single journey.

Since the historic flights of Alcock and Brown and 
Lindbergh, the North Atlantic has been flown well 

100,000 times ; and the records for 1951 show 
that some 340,000 persons were ferried by the 
scheduled airlines alone, or nearly one-third of the 
total of those who crossed the Atlantic that year. 
There are, to-day, more than 200 scheduled airlines 
operating over Continental and world routes, 
totalling about three-quarters of a million miles, 
with something in excess of 4,000 aircraft. Allowing 
for those out of service for maintenance, and 
assuming a round figure of 4,000 machines in 
operation, a daily rate of 500 miles per aircraft 
produces the impressive total of 2,000,000 miles 
flown each 24 hours.

The committee unanimously recognised, the 
statement continued, that there was an urgent need 
for a plan which would help the United Kingdom 
to achieve greater viability and enable it to make 
a larger contribution towards the coherence of the 
sterling area. A rapid expansion of production, 
especially in the basic industries, was essential. 
Some proposals with that aim in view had been 
remitted to special sub-committees for expert 
guidance. The broad framework of the agreement 
which had been reached during the week-end regard­
ing the Party’s future policy would be reported to a 
conference with the General Council of the Trades 
Union Congress, which it was intended to hold in the 
near future. The General Council would be invited 
to take part in the work of the sub-committees. 
It was hoped that the Party’s statement of policy 
would be ready for publication in the spring of next 
year.

The Chancellor, who was accompanied by Mr. 
Duncan Sandys, the Minister of Supply, and Sir 
Walter Monckton, the Minister of Labour, referred 
to a number of hopeful trends in Britain’s trading 
achievements during recent months. Although the 
country’s total exports declined during 1952, there 
were useful increases in particular industries. For 
example, production in the engineering, electrical 
and shipbuilding industries improved by 5 per cent, 
in the first seven months of the current year, com­
pared with the corresponding period in 1951. The 
inability of manufacturers to guarantee the early 
delivery of their goods has been a severe obstacle 
in the expansion of trade in capital goods. No 
doubt this was one of the problems discussed on 
Wednesday. Other meetings of a similar character 
will take place at intervals.

Winding enginemen employed at collieries in the 
Yorkshire coalfield ceased work on December 13, in 
support of their demands for an increase of 3s. a 
shift in their wage rates. The men concerned, 
who arc members of the Yorkshire Winding Engine- 
men’s Association, an organisation included in the 
National Union of Mineworkers, claim that increases 
of up to 3s. a shift have been granted recently by 
the East Midlands Divisional Coal Board to engine- 
men employed in its area, in spite of similar conces­
sions having been refused by the North Eastern 
Divisional Coal Board, which controls collieries in 
Yorkshire. Under the terms of a national agree­
ment concluded on December 31, 1951, shift rates 
for enginemen were increased by Is. lid., on condi­
tion that the maximum rate was in no case to exceed 
29s. lid. After these adjustments had been made, 
where necessary, the pay of enginemen throughout 
the country varied from 26s. lid. to 29s. lid. a 
shift.

An interesting reference to the progress of the 
patternmaking industry in Scotland is contained 
in the Monthly Report of the United Patternmakers’ 
Association for December. Mr. W. B. Beard, 
O.B.E., the Association’s general secretary, writes 
that trouble which had arisen in Scotland on the 
question of metal patternmaking appeared to have 
been settled amicably. Three men were concerned 
in the dispute, namely, a non-unionist and two who 
belonged to other unions than the U.P.A. They 
had been engaged for some years on work in con­
nection with metal patterns, and had acquired a 
fair degree of skill, having, presumably, commenced 
their careers as pattern finishers, but their em­
ployers regarded them as fitters and declined to 
up-grade them or to pay them the wage rates 
applicable to patternmakers. Members of the 
Association accordingly placed an embargo on 
master patterns belonging to the firm, as a result of 
the failure to secure an agreement, and this position 
continued for some weeks. It appears that, at a later date, the East Midlands 

Board granted further increases in certain instances, 
thereby raising the rates of some of its enginemen 
to the ceiling level of 29s. 11 d. a shift. These 
increases are claimed to have amounted to 3s. a 
shift in some cases. On Monday last, Sir William 
Lawther, President of the National Union of Mine- 
workers, stated that union officials had asked the 
Yorkshire enginemen to make their application for 
an increase through the industry’s proper negotiating 
machinery, as requested by the Divisional and 
National Coal Boards. Their strike action was 
contrary both to the terms of the conciliation 
machinery and the national rules.

over

Attempts were then made by the Engineering 
and Allied Employers’ National Federation, Mr. 
Beard states, to discuss the dispute with the U.P.A. 
at headquarters level. The Association’s executive 
committee, however, refused to instruct its members 
to make use of local negotiating machinery to 
determine whether metal work on patterns con­
stituted patternmaking, unless such discussions 
were allowed to take place free from any limitations, 

the committee decided that, on no account, 
would it be involved in a reference to the engineer­
ing-industry’s central conference on an issue of that

as

(To be continued)
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lens on to the mirrors. After reflection, the beam 
of light returns through the lens and is brought to a 
focus on a celluloid scale. The mirrors are set at 
an angle slightly less than a right-angle, so that two 
images of the slit appear on the scale, one after 
reflection from the left-hand mirror on to the right- 
hand mirror, and vice versa. If a static tensile 
load is applied to the weighbar the two images 
move apart a distance proportional to the static 
load. If a dynamic load is applied each image 
spreads into a band of light, the increase in band 
width being proportional to the dynamic load.

The weighbar was calibrated in a Haigh machine 
with the strain-gauge bar used for calibrating the 
stress meter. Static and dynamic calibrations were 
made, and in each the scale readings were propor­
tional to the load. For the static calibration the 
scale deflection was 10-75 cm. per ton (at a scale 
distance of 2 m.), and for the dynamic calibration 
10-7 cm. per ton for each band. The scale can be 
read to half a millimeter, i.e., to better than -I per 
cent, of the full-load scale deflection. The natural 
frequencies of torsional and transverse vibration of 
the springs are each about 100,000 cycles per 
minute, so that the weighbar is expected to operate 
satisfactorily at speeds considerably higher than 
2,000 cycles per minute, and, in particular, at 
6,000 cycles per minute on the new type of Haigh 
machine. In order to measure the stresses set up 
in the weighbar, wire resistance strain gauges were 
stuck on it at positions where the stress was expected 
to be high. Under a static load of 1-5 tons, the 
maximum stress measured was 9 tons per square 
inch.

OPTICAL DYNAMIC WEIGHBAR.
Fig. 1. SECTION B-B.

f'lg. 2. SECTION A-A.

Fig. 3. VIEW IN DIRECTION OF ARROW C
WITH CLAMPING COVER PLATE REMOVED.
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(1130.C.) “ENGINEERING-

OPTICAL DYNAMIC WEIGH-
OIL-STORAGE TANKS AT 

CANVEY ISLAND.
BAR FOR A FATIGUE­
TESTING MACHINE.*

A sew oil installation is being built at Holehaven, 
Canvey Island, for the Regent Oil Company, 
Limited, 117, Park-street, London, W.l, to provide 
additional storage capacity and distributing facilities 
for petroleum products in the Thames area. About 
30 acres of land have been acquired and 25 storage 
tanks are being erected by the Oxley Engineering 
Company, Limited, Clarence-road, Hunslet, Leeds, 
10; the sub-contractors for the pipework are 
William Press and Son, Limited, 22, Queen-Anne’s 
Gate, London, S.W.l, and electrical work is being 
undertaken by Thorpe and Thorpe, Limited, New 
Broad-street, ‘ London, E.C.2. The capacity of 
the tanks varies from 500 to 4,000 tons each 
and they are being built within two main 
reinforced-concrete bunds which are sub-divided 
to limit the capacity of any division to a figure not 
exceeding 10,000 tons of petroleum. The new 
installation will have a total capacity of 60,000 tons 
and it will be worked in conjunction with the 
neighbouring plant of London and Coastal Oil 
Wharves, Limited, with whom the Regent Oil 
Company have a storage agreement.

A jetty, with a deep-water berthage of about 
40 ft. of water at low tide, is being constructed 
to receive ocean-going tankers with a cargo capacity 
of up to 30,000 tons. A second jetty is also being 
built to handle coastal tankers and barges. Steel 
box-piles supporting deck beams of reinforced con­
crete and a prestressed-concrete deck are being 
used for the construction of both jetties, which are 
being built by J. L. Keir and Company, Limited, 
7, Lygon-place, London, S.W.l.

The site is being surrounded by a ring fire main 
that will be fed by four pumps with a combined 
capacity of 2,000 gallons per minute. The pumps 
will draw water from a reservoir of 1 million gallons 
capacity which will be maintained by drainage from 
the site discharging into it through interceptors. Any 

drainage will be passed to the river through 
sluices. In the event of fire the reservoir will be 
re-charged at high tide by opening the river sluices. 
The principal civil engineering contractors, re­
sponsible for the buildings, fire walls, tank founda­
tions, roads and drainage are John Howard and 
Company, Limited, 13, Buckingham Gate, London, 
S.W.l. Mr. B. J. Ellis, O.B.E., F.Inst.Fet,, 49, 
Hallam-street, W.l, and Mr. J. H. R. Haswell, 
M.I.C.E., 9, Sussex Mansions, Old Brompton-road, 
London, S.W.7, are the consulting engineers for the 
work

By P. G. Forrest, B.Sc. (Eng.).
The normal method of measuring alternating

loads in a Haigh fatigue machine is by a stress meter
mounted on the machine panel. This meter measures
the voltage induced in search coils wound on the
armature of the machine. For calibration a
strain-gauge bar is used ; this is a 0-3-in. square-
section test-piece having a 2,500-ohm wire resistance
strain gauge stuck on each face. It is calibrated
in a static tensile machine, and then used dynamic­
ally to provide calibrations of the stress meter in
terms of load. The latter calibrations have shown
that variations of up to 5 per cent, may occur. It
was therefore decided to design and make a weighbar
which could be fitted permanently in a Haigh
machine in series with the test piece, to give a
direct measure of the load range during tests.
The problem may be considered in two parts:
the design of a weighbar to give a deflection not
exceeding 0-01 in. under the full load range of
1 -5 tons, and the design of an extensometer to give
a measurement of this deflection with an accuracy 
of 1 per cent.

As may be seen from Figs. 1, 2 and 3, the weighbar 
consists of a loop, a deflection of the centre occurring 
due to the flexibility of the sides and ends. An 
overall length of 9f- in. is used in order to keep 
the stresses well below the elastic limit of the 
material. Experience has shown that most of the 
variation in weighbar calibrations can be traced 
to the end fixings. In order to minimise this 
effect, the centre of the weighbar is integral with 
the loop and has been made as stiff as possible. 
An adaptor is shown fixed to the top of the weighbar. 
This permits the use of two different types of test- 
piece holders, one for threaded and one for button- 
ended test-pieces. No attempt was made to 
calculate accurately the dimensions of the weighbar 
to give the stiffness required. Instead, 
ment of the stiffness was made before final machin- 
ing, and the final dimensions were estimated from 
this. The weighbar is illustrated in Fig. 4; and in 
Fig. 5 part of a Haigh machine is shown with the 
weighbar in position; the furnace used for high- 
temperature tests has been removed in order to 
show the test-piece.

From previous experience it is known that with a 
simple rhomb and mirror system, the static and

Fig. 5. Weighbar in Haigh Machine.

dynamic calibrations could differ by up to 4 per cent. 
It was therefore necessary to use a method which 
avoided the relative motion involved between a 
rhomb and its seating. The method chosen makes 
use of the rotation of a spiral spring due to an axial 
deflection. Two such springs are used, the two 
halves of each spring having six-start 45-deg. 
helices cut in opposite directions. This was made 
by mounting the tubes from which the springs 
were made in a milling machine with one end in a 
dividing head geared to the machine to give the 
required helix angle. The mirrors were made by 
polishing optically-flat surfaces on the ends of stain­
less-steel rods. They are fitted at the centre of the 
springs approximately at right-angles to one 
another. The springs are fixed in the weighbar 
with an initial extension of 0 • 015 in. The maximum 
deflection applied to them, when in operation, is 
0-010 in., so that the shear stresses are always iH 
the same direction.

The rotation of the mirrors is magnified optically 
to give a measure of the spring deflections. A lens 
of focal length 2 m. is fixed close to the weighbar. 
An illuminated slit is placed at the focus of this lens, 
so that a parallel beam of light emerges from the

a measure- excess

* Communication from the National Physical Labora­
tory.
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heating coils. Electrical “ topping ” heat is pro­
vided for light load 
pumps are provided for each boiler, each of which 
has sufficient capacity for full load. To facilitate 
the quick-starting of a standing feed pump, a 
warming connection has been provided. This con­
sists of a small by-pass across the discharge non­
return valve of each pump through which, by 
opening the suction valve and the by-pass across 
the delivery valve, hot water may flow back through 
the standing pump from the discharge header.

The change of generating voltage from 13-5 kV 
to 11 kV has enabled machines and transformers of 
more standard design to be used. Special care 
has been taken to minimise rotor-coil distortion, 
and, in particular, thicker copper than usual has 
been employed for the windings. The excitation 
current is accordingly higher (about 630 amperes at 
normal load) and, in view of the difficulties experi­
enced with direct-coupled high-speed exciters hand­
ling even lower currents, a motor-driven exciter 
running at 1,000 r.p.m. has been used. The same 
motor also drives the single alternator ventilating 
fan, an arrangement which helps to maintain the 
exciter speed when the voltage is reduced owing 
to system faults, because the fan contributes more 
flywheel effect in proportion to its load.

Boilers.
The maximum output of each of the new boilers 

is 410,000 lb. of steam per hour at 625 lb. per 
square inch and 865 deg. F., reheating 365,000 lb. 
of steam at 147 lb. per square inch from about 
563 deg. to 865 deg. F. The equivalent evaporation 
rate on a heat unit basis is 460,000 lb. of steam per 
hour. This represents a margin for adverse running 
conditions, equivalent to 8 per cent, of the main 
steam quantity. The new boilers are of the high- 
head type and are supported independently of the 
steelwork of the building. The arrangement of the 
furnace is shown in Fig. 1, on Plate LX. The front 
and rear walls are of the standard Bailey type, while 
the side walls are formed of bare tangent tubes. 
This is one of the first applications of this design in 
Britain. The height of the drum centre-line above 
the basement is 95 ft. The combustion chamber 
volume (including the furnace hopper) is 30,000 
cub. ft., the boiler surface 5,250 sq. ft., the super­
heater surface 10,700 sq. ft., and the reheater surface 
45,000 sq. ft. The surfaces of the high and low 
temperature economisers are 5,850 sq. ft. and 
20,600 sq. ft., respectively, and of the air heater 
93,400 sq. ft.

The 16 double-ported Calumet burners fire hori­
zontally through the front furnace walls in two rows. 
The average height of the furnace is 30 ft. to the 
screen tubes at the furnace outlet. Secondary air 
is admitted round the burners and through two 
rows of ports in the rear of the furnace, thus creating 
additional turbulence and giving some measure of 
control over the length of the flame. Eight 
retractable burners in the front furnace wall 
are provided for lighting up and are automatically 
spark-ignited when they reach their working posi­
tion. The single steam-and-water drum is solid- 
forged and has an internal diameter of 4 ft. 11 in. 
and a parallel length of 41 ft. 3 in. It is 3£ in. 
thick and weighs 53 tons. Steam scrubbers and 
cyclones are installed in the drums to ensure the 
high degree of purity specified for saturated steam, 
namely, a maximum of 1 part per million of solids 
with a boiler water concentration not exceeding 
1,000 parts per million. This corresponds to a 
maximum wetness of 0 • 1 per cent. Blind nipples 
have been provided in the appropriate headers for 
the addition of more convection evaporating surface, 
if this should be found desirable for the better 
adjustment of the superheat temperature.

Reheater Equipment.
The superheater is of the self-draining multi-loop 

type, the primary section being of mild steel and 
the secondary section of \ per cent, molybdenum 
steel. The steam temperature is controlled between 
80 and 100 per cent, output by hydraulically- 
actuated gas by-pass dampers, which are operated 
manually from the boiler control panel. This 
system was adopted as being sufficiently rapid in 
response at this temperature and as being simple 
and relatively immune from mechanical failures.

Surface control, although more sensitive, was con­
sidered less reliable. The convection reheater is in 
two consecutive gas passes with a diversion wall of 
refractory material 34 ft. high and 34 ft. wide 
between them. To allow for the temperature and 
pressure differences between one side and the other, 
steam cooling with elements shunted across the re­
heater was considered. In view, however, of the 
difficulty of providing sufficiently rigid elements 
and of the possible attemperating effect of short- 
circuiting relatively cooled steam to the reheater 
outlet header (since little heat absorption would 
take place) it was decided to retain natural air 
ventilation by means of a hollow construction, the 
cooling air entering at the bottom of the wall and 
emerging under two canopies at the top of the 
reheater portion of the unit. In view of the method 
used for supporting the walls, special bricks of 
light-weight refractory material were used. The 
total weight of the wall is about 24 tons. The 
temperature at the reheater outlet is controlled 
between 80 and 100 per cent, of the continuous 
maximum output by gas by-pass dampers, which 
are operated in the same way as the superheater 
by-pass dampers.

The economiser consists of three sections in 
series on the water side—an upper and lower bank 
and a “topping” section. On the gas side the 
gas passing through the reheater flows through the 
two main banks and then to the air heater, while 
that by-passing the reheater flows through the 
topping section and lower bank only. This arrange­
ment minimises the gas-leaving loss when the 
reheater is being by-passed on the gas side. The 
two vertical shaft regenerative air preheaters have 
small internal air by-passes ; and under banked 
conditions dampers and cross-connecting ducts 
between the main gas and air ducts ensure a cooling 
circulation of air through both the gas and air 
side elements to avoid distortion due to unequal 
expansion and jamming when starting. The two 
forced-draught and two induced-draught fans have 
inlet vane control, which in the former case is 
regulated manually and in the latter automatically 
by the furnace pressure. The forced-draught fans 
are situated on the annexe roof, but draw air from 
above the reheater portion of the boiler, to ensure 
maximum recovery of heat from the boiler house 
generally, and from the cooling air, which issues 
from the reheater division wall. The induced- 
draught fans are at ground level outside the annexe.

Pulverisers.
Each boiler has four constant-speed ball-and-ring 

pulverisers with associated primary-air fan, coal 
feeder, classifier and seal-air fan. The coal feeder 
motor is automatically controlled by the quantity of 
primary air and the amount of coal in the mill. 
Each mill is under pressure from a constant-speed 
primary-air fan, the output of which, and hence 
the output of the mill, is damper-controlled. The 
classifier motor has eight speeds to facilitate control 
of the fineness of the mill product. The specified 
hourly capacity of each mill group is 9 tons of 
coal with a moisture content of 8 per cent, and a 
Hardgrove grindability index of 50 per cent. The 
required fineness of the product through a 200 B.S. 
mesh sieve is 70 per cent. Each boiler has two 
electrostatic precipitators between the air heater 
outlets and the induced draught fans, the gas flow­
ing horizontally through two successive banks of 
electrodes.

DESIGN AND OPERATION 
OF DUNSTON “ B ” 

GENERATING STATION.*

use. Two motor-driven feed

By A. Howell and J. B. Jackson.
The Dunston “ B ” power station of the British 

Electricity Authority on the River Tyne was 
designed for a capacity of 300 MW in six 50-MW 
units. Three of these units were installed initially 
in 1933, and a fourth was added in 1939. Each 
turbine was supplied from four boilers, two of which 
had a continuous output of 156,000 lb. of steam 
per hour, and two, in which reheaters were incor­
porated, an output of 125,000 lb., the pressure 
being 625 lb. per square inch and the temperature 
825 deg. F. in all cases. The reheat pressure was 
151 lb. per square inch at the continuous maximum 
rating and the reheat temperature 800 deg. F. 
The lower output of the reheater units was chosen 
so as to give the same maximum fuel consumption 
in all four boilers, thus permitting the use of the 
same fuel-burning equipment. Eight of the boilers 
were stoker-fired, while in the others pulverised fuel, 
obtained from the dust from an adjacent coal­
cleaning plant, was emploj'ed. The alternators had 
a continuous maximum rating of 50 MW, the 
generating voltage being 13-5 kV and the speed 
1,500 r.p.m.

When the installation of the fifth and sixth sets 
was begun in 1945, it was decided to adopt unitised 
operation in order to save both capital and opera­
ting charges. A combination of circumstances 
made it advisable to adhere to the existing steam 
pressure, in order to provide partial inter-connection 
between the sets. The temperature of both the 
main steam and reheat steam was, however, raised 
to 850 deg. at the turbine valves. The new turbines 
are designed for a speed of 3,000 r.p.m., a change 
which has produced a less bulky set and has resulted 
in the use of three cylinders instead of two and of 
two exhausts instead of one. The high-pressure 
cylinders have no overload by-pass, so that the 
most economical and maximum continuous ratings 
are both 50 MW. The main oil pumps are driven 
by separate alternating-current motors instead of 
from the high-pressure shafts, as the advantages 
of this arrangement, such as reduction of fire risk, 
seemed to outbalance the drawbacks. A steam- 
driven pump is also provided and is brought into 
service automatically if the electricity supply fails 
or the oil pressure is lost.

Governing Arrangements.
There is only one high-pressure governor valve, 

in addition to the combined emergency and stop 
valve. The high-pressure and intermediate-pressure 
governors are mounted on a cross-shaft, which is 
driven from the high-pressure shaft. The inter­
mediate-pressure governor normally keeps the two 
governor valves in the steam chests on either side 
of the intermediate-pressure inlet fully open, but 
begins to close them when a rise above normal 
speed occurs; a margin being allowed to prevent 
the intermediate pressure valves from interfering 
with the normal governing and, on loss of load, to 
allow the high-pressure governor to close first. Any 
rise of pressure in the pipe to the reheater inlet, 
owing to mal-functioning of the governors, is pre­
vented by a relief valve ; or, if this should fail, 
by a pressure trip on the exhaust pipe. A vacuum- 
operated device reduces the load if the vacuum 
falls below 22 in. and trips the machine at the 
steam and electrical ends on a further fall to 15 in. 
Should this fail, a second device, set at 2 lb. per 
square inch, trips the machine. These devices 
ensure that the only likely cause of excessive con­
denser pressure is leakage past the high-pressure 
emergency valve and this can be dealt with by a 
12-in. atmospheric valve, instead of by the larger 
valves required on machines not otherwise protected.

In an attempt to reduce aeration by an alternative 
method to the overflowing system, the elevated 
hot wells are maintained at 195 deg. F. by steam

Operation and Maintenance.
The two generating units, known as Unit 5 and 

Unit 6, respectively, consist of one boiler and 
one turbine with pipe work and auxiliaries and have 
a total installed capacity of 100 MW. They are 
operated as a separate plant by a shift consisting 
of ten men. The controls for the two boilers are 
hydraulically actuated from a desk-type board 
under the charge of a leading stoker, while the 
steam controls and gauge boards of the two turbines 
are in the care of a fitter-driver. These two men 
are directly under an assistant charge engineer, 
who is responsible for the operation of the two 
units. This method of grouping the units into pairs 
permits a notable economy in manpower and makes 
possible the employment of better men in senior 
positions. The shift charge engineer and his elec-

* Paper entitled “ The Design and Operation of 
Dunston ‘ B ’ Generating Station,
Reference to 50-MW Turbo-Alternators Unitised with 
Reheater Boilers,” read before a Joint Meeting of the 
Institutions of Mechanical and Electrical Engineers 
Friday, October 24, 1952. Abridged.

with Particular
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DUNSTON “B” GENERATING STATION.
Fig. 2. STARTING UP FROM COLD.
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a One forced-draught and 
one
fan running ; air heat­
ers running; four oil 
burners lighted. 

a' Mill shut down. 
h One mill started. 
b' One oil burner lighted. 
c Steam at air cocks. 
c’ Second oil burner lighted.

d Air cocks closed. 
d' Second mill shut down. 
e Superheater drains closed. 
e' Third mill shut down.
/ Extraction pump started. 
f Four oil burners lighted. 
g Gland steam on. 
g' One mill started. 
h Quick-start ejector 

started.

j Main air ejectors started ; 
quick-start ejectors shut 
down.

h Begin running-up on tur­
bine stop-valve by-pass. 

Barring motor shut down. 
m Start feed-pump. 
n Exciter/ventilating - fan 

motor started.
0 Alternator air cooler in 

circuit.

p Machine synchronised. 
q One main air ejector shut 

down.
r Superheater and reheater 

gas by-pass dampers 
shut to normal, 

s Second mill started. 
t Two oil burne rs shut down.
v Remaining oil burners shut 

down.
w Third mill started.

induced-draught

l

trical staff are common to the whole station and the 
day staff allocated to the new plant, excluding those 
engaged in maintenance, numbers nine.

The procedure which was eventually evolved for 
starting from a cold condition is indicated in Fig. 2. 
This shows that the full load on the unit is reached 
eight hours after the first burner has been lighted. 
The rate of loading is governed by the rise in tem­
perature of the steam at the inlet to the inter­
mediate-pressure turbine. This is normally limited 
to 160 deg. F. per hour, but on several occasions a 
rise of 250 deg. F. has been permitted and 
harmful effects have been observed. The reheat 
temperature tends to rise steeply'' after synchronis­
ing ; and it is necessary to restrict the load to 5 MW 
for at least an hour. In the initial stages of opera­
tion, particular attention was paid to the tempera­

tures of the metal of the superheater and reheater 
tubes during the period of raising pressure. It was 
anticipated that overheating of the reheater tubes 
might occur owing to the lack of steam flow; and 
to limit this effect as far as possible tho super­
heater gas by-pass dampers were closed. Thermo­
couples were peened into both the superheater 
and reheater tubes, and the highest temperatures 
recorded, while pressure was being raised, were 
1,050 deg. and 900 deg. F., respectively. Since 
then, both supei'h eater and reheater gas by-pass 
dampers have been kept fully open during the 
period of raising pressure and no trouble has been 
encountered.
their normal running positions as soon as possible 
after synchronising and their operation at loads 
above 5 MW is not permitted, except for the purpose

of preventing the superheated and reheated steam 
temperatures from rising above their designed 
values. During the first three hours the machine 
is on barring gear with the main oil pump running 
and the auxiliary steam pump on regulator by-pass. 
The reheater inlet and outlet steam valves are open 
and the reheater by-pass valve shut. The boiler 
stop valves and superheater and reheater gas by-pass 
dampers are opened, while the economiser recircu­
lating connection is open until the boiler is fed with 
water. All the feed heaters are in commission.

When running the machine up to speed no undue 
difficulty has been experienced in keeping the low- 
pressure exhaust-steam temperature below a maxi­
mum of 180 deg. F., but after a short shut-down 
it has been found necessary to apply load quickly 
to prevent undue cooling of the intermediate-

no

Both these dampers are closed to
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pressure cylinder. After a shut down of 5 hours 
the temperature of the intermediate-pressure cylin­
der is about 650 deg. F. and it is necessary for 
a load of 20 MW to be applied in 15 minutes to 
prevent contraction. The low-pressure exhaust 
branch temperature in those circumstances is 
130 deg. F. at the commencement of running-up. 
This falls to 78 deg. F. at 2,000 r.p.m. and rises to 
155 deg. F. immediately before synchronising with 
an absolute pressure of 0-7 in. of mercury in the 
condenser. No difficulties have been experienced 
while shutting down. The load is reduced to 30 
MW when one mill is taken off. One oil burner is 
lighted at 20 MW and the second at 15 MW. At 10 
MW the second mill is shut down. Below 10 MW the 
recirculating valve on the condensate line is opened 
to maintain maximum cooling-water supply through 
the ejector. When the machine is off-load the 
third mill is shut down and any further control is 
carried out by the two oil burners. The machine is 
allowed to run down to a speed of 1,000 r.p.m. at 
full vacuum and when stationary is put on the 
barring gear for at least 12 hours.

Fig. 3 shows the shutting-down and starting pro­
cedure for normal operational service when the 
boiler and turbine are hot. The plant is used 
for base-load purposes only and no attempt has 
been made to develop a quick-starting technique. 
Tbe times shown refer to an overnight shut-down 
of 5 hours.

CARGO-LOADING SYSTEM FOR AIRCRAFT.

CARGO-LOADING SYSTEM 
FOR AIRCRAFT.

STEAM AND POWER 
IN THE GAS INDUSTRY.

In New Zealand, a new system has been developed 
by engineers of the Government Railways for load­
ing and unloading cargo from two Bristol Freighter 
aircraft. These aircraft are operated by Straits 
Air Freight Express, Limited, Wellington, New Zea­
land, for the Government Railways, on a ferry ser­
vice carrying some 500 tons of freight a week across 
the Cook Strait between the North and South 
Islands. The system consists of two parallel sets of 
railway tracks set flush with the ground about 30 ft. 
apart. Two low conveyor gantries, one for loading 
and one for off-loading, span between the tracks and 
are mounted at each end on a four-wheel bogie. 
Each gantry, which is known as a traverser, is 
driven electrically, and either end can be raised or 
lowered to register with a lorry or the sill of an air­
craft. Each traverser carries two flat trays known 
as “ cargons,” with wheels set into their undersides. 
The cargon is about 16 ft. long and can hold about 
three tons of miscellaneous freight. Twro cargons 
together fill the hold of a Bristol Freighter, resting 
at each side on specially designed lips, and retained 
at each end by buffers. The normal cargo floor of 
the aircraft has been removed to accommodate the 
cargons.

The loading and unloading operations are carried 
out as follows : goods delivered at the railway 
terminus are packed on to lorry-mounted cargons. 
(The wheeled cargon can easily be pushed on to a 
lorry by three or four men.) The cargons are then 
transported to the airfield and are loaded on to the 
traverser by means of an endless chain conveyor 
running beneath the traverser. The Freighter 
aircraft taxies up to the rails and aligns itself, 
against chocks, at right-angles to the track. The 
nose doors of the Freighter are opened, and the 
two traversers approach the aircraft from either 
side, the empty one being lined up with the sill of 

The endless chain is hooked to the 
loaded cargons in the aircraft and the cargons 
conveyed from the hold on to the traverser, which 
moves away. The loaded traverser moves into its 
place, and its cargons are transferred to the hold. 
This traverser then withdraws, and the aircraft 
taxies forward across the tracks into the take-off 
position. The cargo unloaded from the Freighter 
is meanwhile transferred from the traverser on to 
lorries which convey it to the railway yards.

Before the introduction of the cargon and tra­
verser system, loading and unloading were carried 
out by fork-lift trucks and manual labour. The 
new method, it is stated, has reduced the time 
between the aircraft touching down, unloading and 
taking off again fully laden, from one hour to just 
over 20 minutes.

The application of mechanical aids to the 
processes of gas manufacture has made a sub­
stantial contribution to the general progress of 
the gas industry. Mechanisation is being introduced 
wherever possible to improve efficiency as well as 
to reduce the cost of production and this is increasing 
the demand for steam and electricity, together with 
other sources of power. The whole subject, covering 
the economics of waste-heat recovery and of the 
relative merits of direct-fired boiler plant, electrical 
generators and gas turbines as auxiliary prime- 
movers has been discussed in a paper entitled 
“ Steam and Rower in the Gas Industry,”* by 
Mr. L. J. Clark, B.E.M., M.Sc., M.LMech.E., 
joint deputy station engineer, Beckton Gas Works, 
North Thames Gas Board.

An analysis of the costs of operation at a number 
of. gas works in the North Thames Gas Board’s 
area, said Mr. Clark, showed that the direct cost 
of steam and power varied between 2| per cent, and 
10 per cent, of the total direct costs of the works. 
The wide variation found depended upon local 
conditions and upon such factors as the size and 
geographical location of the works ; the type of 
carbonising plant and the extent to which waste- 
heat recovery was practised; the relation of the 
base load to the seasonal load and the type of plant; 
the suitability of the steam-raising plant for burning 
coke breeze and the extent to which it was used ; 
the distribution pressure of the gas ; the extent to 
which the processes of benzole recoveiy, gas drying, 
liquor concentration or sulphate production were 
practised ; and, finally, the effectiveness with which 
the power services had been modernised. The 
losses associated with extensive steam distribution 
and with direct supplies to small prime-movers 
might be high. The general aims of any scheme 
for modernisation included the substitution of 
electrical motors for all small and scattered prime - 
movers, the grouping of steam-raising and consuming 
plants within the smallest possible area, and the 
maximum use of high-pressure steam in large 
back-pressure or pass-out turbines for driving 
centralised pumping units or electrical generators.

Only where the plants are isolated, or run inter­
mittently, Mr. Clark considered, was the installation 
of oil engines economical. It was possible for gas 
works to be entirely self-supporting in steam and 
in electricity, generated entirely from waste heat. 
Modern carburetted water-gas plants, could be 
made to provide more steam than for their own 
requirements and so become exporters of power 
to the general works system.

In Lancashire boilers, attempts to use coke 
breeze by mixing it with larger coke proved unsatis­
factory with hand-firing, because combustion 
efficiency was low and the carry-over of dust into 
the flues necessitated frequent cleaning. Between

Superheater Temperature Control.
Soon after the unit boilers were commissioned 

it became apparent that the gas by-pass controlling 
the superheater outlet temperature was insufficient 
to bring the steam temperature down to the designed 
figure at full load. This also affected the reheated 
steam temperature, which became too high when the 
superheater gas by-pass dampers were open. 
As a temporary expedient, slots were cut near the 
bottom of the vertical baffles to permit a greater 
quantity of gas to be by-passed. At the first 
annual overhaul of each unit an additional row of 
generating tubes was fitted, the slots in the bottom 
of the baffle were filled in, and a plastic baffle 
was fitted between the superheater outlet and the 
by-pass outlet to increase the draught pull across 
the by-pass damper. Tbe designed steam tempera­
ture is now obtained at full load with the super­
heater by-pass damper one-half to five-eighths 
open, and this is regarded as satisfactory.

{To be continued.)

LAUNCHES AND TRIAL TRIPS.
S.S. “ World Enterprise.”—Single-screw oil tanker, 

constructed by Vickers-Armstrongs Ltd., Walker, New­
castle-upon-Tyne. for World Tankers Corporation, 
Panama. First vessel of two. Main dimensions : 663 ft. 
overall by 86 ft. by 45 ft. 9 in. ; deadweight capacity, 
about 32,500 tons on a draught of 34 ft. 5 in. Double­
reduction geared steam turbines, developing 12,500 
s.h.p. in service, constructed by Parsons Marine Steam 
Turbine Co., Ltd., Wallsend-on-Tyne. Steam provided 
by two Foster Wheeler oil-burning boilers.
16 knots. Launch, September 16.

M.S. “ Middlesex.”—Single-screw cargo vessel, built 
and engined by Alexander Stephen & Sons, Ltd., Glas­
gow, for the New Zealand Shipping Co., Ltd., and the 
Federal Steam Navigation Co., Ltd., London, E.C.3. 
Main dimensions : 469 ft. 6 in. by 64 ft. 6 in. by 42 ft. ; 
deadweight capacity, 10,300 tons on a draught of 
27 ft. 4 in. ; gross tonnage, 8,230. Two Stephen-Sulzer 
Diesel engines geared to one shaft through electro­
magnetic couplings. Launch, September 23.

M.S. “ Harold Sleigut.”—Single-screw oil tanker, 
built by the Blythswood Shipbuilding Co., Ltd., Scots- 
toun, Glasgow, for the Singapore Navigation Co., Ltd., 
Singapore. Main dimensions : 460 ft. between perpendi­
culars by 61 ft. by 34 ft. 1 in.; deadweight capacity, 
about 12,600 tons. Burmeister and Wain six-cylinder 
single-acting four-stroke Diesel engine, developing 3,600 
b.h.p., constructed by John G. Kincaid & Co., Ltd., 
Greenock. Launch, September 24.

M.S. “ Chixkoa.”—Single-screw cargo liner, with 
accommodation for twelve passengers, built and en­
gined by Barclay, Curie & Co., Ltd., Whiteinch, Glasgow, 
for the British India Steam Navigation Co., Ltd., London, 
E.C.3. Eighth vessel of a series for these owners. Main 
dimensions : 485 ft. by 62 ft. 6 in. by 40 ft. 9 in. to 
shelter deck; gross tonnage, about 9,000. Barclay 
Curle-Doxford six-cylinder opposed-piston oil engine, 
developing 6,800 b.h.p. at 116 r.p.m. Launch, October 2.

Speed,

the hold.
are

“ Aerodynamic Drag ” : Erratum.—In the heading 
to the review of Aerodynamic Dray, which appeared 
page 716 of our issue of December 5, the price in this 
country was incorrectly given ; it should have been 
42s. 6d.

* Paper presented to the 8th International Gas 
Conference in Brussels, June 18, 1952, and to the London 
Section of the Institution of Gas Engineers on Tuesday, 
November 18, 1952.

on
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This tool lias been found to be satisfactory in most 
soils but the cut-away portions will allow only small 
stones to pass through. A second tool, with a two- 
start helical form, has therefore been made. This 
is suitable for coarse loosely compacted gravels but 
tends to ride over large stones if they are tightly 
embedded. A third tool has therefore been designed 
for boring through such materials. It is fitted with 
two spikes, about 4 in. long, located about two-thirds 
of the radius of the plate from the centre, and these 
spikes loosen any large stones which would not 
otherwise be disturbed.

the wars, boiler economy was improved considerably 
by installing Lancashire boilers operating at pres­
sures up to 160 lb. per square inch and equipped 
with superheaters. The use of coke breeze alone 
as a boiler fuel became possible with the introduction 
of the mechanical chain-grate stoker. The initial 
difficulty with the stokers—that of maintaining a 
sufficiently high rate of ignition of the breeze to 
prevent the fire from running back with the travel 
of the stoker—was largely overcome by fitting 
pre-ignition arches to maintain a layer of hot gases 
over the fuel intake, and by the more recent adop­
tion of a forced recirculation system, hot furnace 
gases being drawn through the fuel bed to raise its 
temperature. Water-tube boilers with mechanical 
stokers were most satisfactory for units with a 
capacity in excess of 15,000 lb. of steam per hour, 
but only in gasworks with an output of more than 
15 million cub. ft, a day. The possibility of 
using oil-fired boilers was also considered, but 
in small works two types of fuel-fired boiler 
might not be justified. In such a case, with a 
battery of three or more Lancashire boilers, 
some should be fitted with chain-grate stokers 
for burning breeze and the rest should burn 
liquid fuel.

For many purposes, electrical installations had 
much in their favour. Recent practice had been to 
adopt alternating-current equipment, to take 
advantage of high-tension distribution, the simplicity 
of constant-speed motors, and interchange of power 
with the public supply system. The generating 
efficiency of the public supply was higher than 
that of the average private installation, though the 
internal generation of power might become economic 
where use could be made of surplus waste-heat steam 
or where appreciable quantities of coke breeze were 
available. Summarising, Mr. Clark found that, 
whereas works with a maximum demand of less 
than 100 kW were most economically fed from the 
public supply, internal generation was economical 
for works with a demand above 250 kW, provided 
that the steam was raised from otherwise waste 
products.

Other topics discussed included the effect and 
advantages of incorporating a carburetted water- 
gas plant in a gasworks, and the general modernis­
ation of existing plants, bearing in mind the need 
to maintain output during the turn-over period. 
The choice of prime-mover, in particular for gas- 
pumping plant, was treated fully and the paper 
concluded with a brief reference to the future of 
the gas turbine in the gas industry. The tempera­
ture of waste gases from continuous vertical retort 
installations, Mr. Clark pointed out, was well suited 
to the gas turbine. Furthermore, the low-pressure 
process steam required for supplying the retorts, and 
for gas-making processes generally, could be raised 
conveniently from the low-grade heat rejected by 
the gas turbine. The large oil-fired gas turbine 
also had great possibilities; for example, as a 
stand-by unit for operating under conditions of a 
low load factor.

SOIL-BORING MACHINE.
A new soil-boring machine which can be mounted 

on a lorry or trailer has been developed at the Road 
Research Laboratory, Harmondsworth, Middlesex, 
of the Department of Scientific and Industrial 
Research, and is shown in the accompanying 
illustration. The machine is capable of drilling 
clean boreholes up to 20 in. in diameter and 16 ft. 
deep in most soils. The boring bar can be brought 
from the travelling to the working position in one 
minute and it will bore vertical or inclined holes in a 
wide range of soils at a rate of about 1 ft. a minute. 
The machine can be used for making test bores when 
investigating sites for roads or buildings, and also, 
when short piling is required, for boring holes that 
are then filled with concrete.

The machine is a self-contained unit driven by 
an air-cooled twin-cylinder Diesel engine develop­
ing 7 brake horse-power at 1,200 r.p.m. An 
important feature is a lattice mast, 9 in. square in 
cross section, which can be raised from its sloping

SIZE DISTRIBUTION AS A 
QUALITY FACTOR OF 

BLAST-FURNACE COKE.*
By J. Taylor and J. D. Gilchrist.

The belief is widely held that the physical pro­
perties of blast-furnace coke are at least as impor­
tant as the chemical, but really satisfactory evidence 
of the role played by the physical properties is very 
meagre. Despite the great interest in the subject 
over many years there is still no general agreement 
as to which are the important properties or how 
they should be measured. The importance of coke 
size in the combustion zone becomes evident when 
the two extreme cases, i.e., very large and very 
small, are considered ; the problem is to determine 
the significance of this factor over the normal 
range. Because of its probable importance, more 
attention has been devoted to this aspect of the 
problem than to pore structure, density, etc., 
although they also have been the subjects of 
much research. The size of coke in the tuyere 
zone is a function not only of the size distribution, 
as manufactured, but also of the degradation both 
outside and inside the furnace. The great height 
and weight of the stock column in a modern furnace 
predisposed the belief that breakdown in the 
furnace must be considerable and therefore the 
strength of coke, i.e., the ability to withstand such 
breakdown, ought to be of first importance. In 
consequence, the strength of coke has been studied 
more than any other property. Correlation between 
strength and blast-furnace performance, howeter, is 
disappointingly inconclusive. This is in part due 
to the limitations of the methods used in measuring 
strength. The various shatter, drum and stability 
indices do not place cokes in the same order and 
no conclusive proof has yet been offered to show 
that any particular index is more relaible than 
another. A further difficulty is that of assessing 
blast-furnace performance and particularly the 
allowances to be made for the very large number 
of variables other than coke quality. It is probably 
fair to say that when dealing with coke from one 
source, the shatter test or one of the drum tests 
can show a correlation with furnace performance 
but that the correlation tends to break down when 
cokes of different origins are considered.

The success of certain furnaces working with 
cokes of inferior strength, as normally measured, 
together with numerous observations that the size 
of coke in the tuyere zone did not differ markedly 
from that of the coke as charged, have suggested 
that greater attention ought to be devoted to the 
size and size distribution before charging. Admit­
tedly, the evidence that coke suffers little breakdown 
in ■ passing down the furnace rests largely on visual 
examination. L. M. Sapozhnikovj- has reported 
taking samples at various levels from the stock line 
to the tuyeres down a furnace. These show a 
progressive breakdown in size, particularly in the 
lower high-temperature region, but this breakdown 
is such that the size distribution of the coke, as 
charged, is still the dominant factor in controlling 
the distribution at the tuyeres. Moreover, the 
degradation of cokes of widely differing drum 
strengths was remarkably similar, which again 
suggests that the size distribution at the stock line 
is more important than the strength measured at

travelling position into the vertical by a pair of 
feed screws driven from the engine through a 
friction clutch. The main pivot of the mast is 
carried in truimions mounted on the outside of the 
gearbox located at the lower end. The boring bar 
is of square section and is driven by a gear wheel 
having a square hole in the boss through which the 
bar passes as the boring tool descends. The bar is 
steadied at its upper end by a bearing mounted in a 
housing which can slide inside the mast.

The boring bar is attached to an endless chain 
which passes over a free sprocket at the top of the 
mast and a driving sprocket at the bottom. It can 
be raised by power but may be lowered either by 
power or under its own weight, a hand-brake being 
provided to control the rate of feed. The shafts, 
for driving and lifting the bar have been arranged 
co-axially with the main pivots of the mast to 
permit boring with the mast inclined. A reversing 
gear enables a change of direction to be made in 
the case of all the controlled motions. The normal 
speed of rotation of the boring tool is between 
50 and 100 r.p.m. and the average rate of with­
drawal is approximately 3 ft. per second.

Three types of boring tool have been developed. 
The first consists of a circular plate v'elded to a 
vertical stem, the plate having two sectors removed 
and the resultant leading edges being bent doum 
to give a slight lead. Separate cutting edges, 
tipped with a hard material, are provided that 
can be bolted to these leading edges. The sector 
openings are covered with non-return flaps which 
permit the spoil to pass upwards through the tool.

Low'-Power Radio Transmitting Station at 
Towyn.—A low-pow'er radio transmitting station is to 
be built by the British Broadcasting Corporation at 
Towyn to serve the Aberystwyth, Towyn and 
Aberdovey areas as well as that between Cardigan and 
Pwllheli in Wales. While the station is under con­
struction a caravan transmitter, which will be brought 
into use on Sunday, December 14, is temporarily to 
radiate the Welsh Home Service on 341 metres.

Lectures on Metal Working.—A course of six 
illustrated lectures on “The Plastic Working of 
Metals ” will be delivered at fortnightly intervals, 
commencing on Thursday, January 8, 1953, from 
7 to 9 p.m., at the Sheffield College of Technology, 
Department of Engineering, Pond-street, Sheffield, 1. 
The course is intended for those who hold Higher 
National Certificates or have reached an equivalent 
standard and wrho desire to refresh or extend their 
knowledge of the working of steels in rolling, forging 
and otheft processes from the engineering and metal­
lurgical points of view. The lecturers are all members 
of the staff of the metal-working laboratories of the 
British Iron and Steel Research Association. There will 
be a period for discussion after each lecture and 
advance notice, in writing, of any problem which it is 
desired to bring forward will be welcomed.

* Read before the West of Scotland Iron and Steel 
Institute on Friday, October 24, 1912. Abridged, 

t Iron and Steel Institute Translation No. 218 (1945)
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ordinary temperatures. It may be that cold 
strength is not necessarily a reliable guide to 
strength at the temperatures prevailing in the 
furnace. Little has been published on this aspect 
of the subject, the experimental difficulties are 
obviously formidable, but such as has appeared* 
suggests that much of the difference between strong 
and weak cokes in the cold is eliminated at higher 
temperatures. There is, therefore, reason to sup­
pose that the effect of breakdown within the furnace 
has been exaggerated and that the size distribution 
of the coke at the furnace stock line may be the 
more important factor.

The early work on this problem had the unusual 
merit of giving a positive and definite result. E. C. 
Evansf showed that if fines were screened out of 
blast-furnace coke just prior to charging into the 
furnace there was an overall saving of coke, i.e., 
not only were some 2 per cent, of fines recovered 
but there was also a decrease in the consumption of 
large coke. However definite this finding, it only 
touched the fringe of the problem. Accepting as a 
fact that the size range of the coke as charged is 
important, there remained the problems of the 
best method of characterising the size range, and 
relating these characteristics to furnace performance. 
These are essential in order to put the pre-treatment 
of coke, i.e., screening, crushing and storage, on a 
sound technical footing. There is also the vital 
question of the relative importance of the size 
grading as charged and the strength of the coke. 
The problem has been investigated under the tegis 
of Panel No. 9 of the British Coke Research 
Association with the co-operation of a number of 
member firms over the past few years. As in so 
many investigations of this type, no really definite 
conclusions could be drawn from the results, the 
major difficulty being the fact that the blast­
furnace process is exceedingly complex with a 
large number of variables which are not capable of 
exact control. Nevertheless, the data are of 
considerable interest and at least serve to dispel 
certain misconceptions.

Measurement of Size Grading.
A minimum of two parameters, one a measure of 

the average size and the other of the size range, is 
required to characterise the distribution of broken 
solids. Eor this, however, the material should 
conform to one of the mathematical distribution 
laws. In the first place, therefore, a large number 
of screen analyses were examined to see whether 
they could be expressed by a single mathematical 
equation. It appeared that, except at the finer 
sizes, there was quite a good agreement with arith­
metic probability, logarithmic probability or Rosin- 
Rammler distributions, but in each case there was 
an excess of “ fines ” (approximately — £- in. screen 
size). While this excess was usually not more than 
5 per cent, of the total, it constituted the major 
portion of the fine fraction. This represents a 
great drawback to the use of any of these expressions.

Experiments carried out at a later stage and 
described elsewhere^ on the breakdown pattern 
of broken solids have shown that no single mathe­
matical expression can be expected to fit a complete 
screening analysis, because two products result 
from the breakdown of a large-sized solid. The 
one, following a nomenclature introduced by J. G. 
Bennett, R. L. Brown and H. G. Crone in a contri­
bution to the Institute of Fuel in 1941, is called 
“ Residue ” and contains all the coarse particles; 
the other is the “ Complement ” and contains all 
the fines. The size distribution of the residue is 
Gaussian, but, in the case of coke, the complement 
is not a single type of distribution. B. Epstein and 
H. H. Lowry§ observed that broken coke could be 
represented by a Gaussian distribution, but did not 
carry their observations far enough to show the 
presence of fines outside this distribution. Epstein 
and Lowry also showed that on the basis of certain 
assumptions the Gaussian distribution would persist

SIZE DISTRIBUTION OF COKE IN BLAST FURNACE.
Fig. 1. TYPICAL COKE SCREENING Fig. 2. DECREASE IN MEAN SIZE WITH 
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for the case of repeated breakdown, such 
in the shatter test. In the case of coke broken 
down by normal handling, the Rosin-Rammler 
distribution seemed to fit the data rather better, 
although there is very little to choose between 
them. In the present investigation an examination 
of the screen-test data, therefore, was based on the 
Rosin-Rammler equation. This is

2as occurs 3 0 2-5
Average Size x In.

20
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tion of fines or complement is not very reproducible. 
In part, particularly for the blast-furnace bin sample, 
this may be ascribed to the difficulty of sampling 
under conditions in which a considerable degree of 
size segregation may be expected. Experience with 
the drum tests under the most rigidly controlled 
conditions, however, was equally unsatisfactory as 
regards the value for “fines.” It can only be 
concluded that the amount of complement formed 
when a lump breaks is so variable that the sample

Table I.

-(f)”R = lOOe
where R is the percentage retained on a screen 
size x and x and n are constants which are measures 
of average size and dispersion, respectively.

When plotted on special paper with co-ordinates

of log log — and log x, distributions of this type
Jtv

give a straight-line graph. As observed, coke- 
screen analyses diverge from linearity as shown 
in Fig. 1, on this page. The first approach to the 
problem was to correct, by successive approxima­
tions, tor excess “fines,” so arriving at a straight 
Rosin-Rammler distribution plus a certain per­
centage of “ fines.” This method of analysis, 
however, was not continued for a number of reasons. 
One part of the present investigation has been 
devoted to following the breakdown of coke in 
passing through typical handling systems. The 
beginning and end of the handling system were 
taken to be the coke-oven grizzly and the discharge 
side of the blast-furnace storage bins. The latter 
point is often rather inconvenient and if several 
cokes are passing through the plant it is often quite 
impossible to separate one from the other. An 
attempt was made to simulate the handling break­
down in a test apparatus. A test drum, either the 
Micum or Cochrane, was used with a 100-lb. or 
50-lb. charge, respectively. The results were 
virtually interchangeable ; for example, 10 revolu­
tions of the Micum were found to be equivalent to 
40 revolutions of the Cochrane drum. Perhaps the 
Cochrane tends to give rather more fines for the same 
decrease in average size, but that was not certain. 
Representative samples were tested at different 
numbers of revolutions and the products analysed. 
By comparison with samples at the beginning and 
end of the handling system the equivalent number 
of revolutions to give the same degree of breakdown 
was determined. A consistent correlation 
obtained for the residue, but that for the comple­
ment was rather variable. The severity of the 
handling for different systems could be compared 
in this manner and proved very similar in five cases 
for which the equivalent breakdown was 7 to 15 
revolutions in the Micum drum. This was rather a 
surprise as, in two cases, transport was by belt 
and in the remainder by wagons.

The results obtained are shown in Table I. These 
figures are for samples of about 1,000 lb. taken in 
20 increments or, in the case of the drum tests, the 
mean of six determinations. Even so, the propor-

Residue Characteristic.
Sampling
Position.Coke. Complement, 

per cent.
Mean Size, 

x in.
Dispersion 
Constant n.

A, Grizzly 
B.F. bin* 
Drain test.

2-95
2-35

3-15
2-85

1-4
2-2

2-3 2-85 2-9

A, Grizzly 
Drum test

2-85 2-2 0-9
2-3 2-05 2-0

A3 Grizzly 
Drum test ?V 3-0 1-3

2-45 2-1

A, Grizzly 
Drum test

1-65
1-45

4.4 1-4
3-25 4-6

B Grizzly 
B.F. bin 
Drum test

2-9 3-05 0-8
2-35 2-9 4-1
2-4 3-05 2-8

C Grizzly 
B.F. bin

2-6 3-5 0-8
2-3

Drum test 2-3 3-1 2-9
D Grizzly 

B.F. bin 
Drum test

3-2 3-7 2-0
2-05
2-65

3-1 3-2
2-7 4-2

E Grizzly 
B.F. bin 
Drum test

3-35 2-9 4-0
2-9 2-9 5-8
2-9 2-5 5-5

F Grizzly 
B.F. bin

3-05
2-75

3-3 0-5
3-1 3-1

* B.F. bin = Blast-furnace bin.

must contain a very large number of lumps in order 
to get a reliable mean value. In the usual drum 
tests more reproducible figures are obtained because 
the coke is broken down to a much greater extent, 
but it is not at all certain that the figures so obtained 

reliable guide to what happens under much 
milder conditions. It can be seen from Table I 
that, for most of the cokes, the degree of dispersion 
of the residue is steady and the n value is about 
3 • 0. This was borne out by the results of the drum 
tests, and, in two cases, samples taken at inter­
mediate points of the handling system. There 
a tendency for a slight drop in n value immediately 
after the coke-oven grizzly sample, but, thereafter, 
it remained constant up to 100 or more drum 
revolutions. One coke of this group had a much 
lower n value, indicating a poorer grading, and two

was
are a

* G. M. Isarov, Coke and Chem. (U.S.S.R.), vol. 9, 
pages 10 and 13 (1939). A. D. Zaslooskaya, Coke and 
Chem., vol. 10, page 26 (1940). 

t Fuel, vol. 6, page 245 (1927). 
t J. Taylor, unpublished work.
§ American Inst. Min. Met., Blast-Furnace Con­

ference, No. 3 (1948).

was
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•cokes differed from this group in that there was a 
very decided drop in the n value after the drum 
test. It is thought that these latter, one of which 
was a gas coke, represent the case where the natural 
“ spread ” had been drastically altered by screening 
and even relatively mild degradation caused a rapid 
reversion towards the natural value. The results 
with regard to the complement values must be 
treated with caution, but it may be observed that 
there is no evidence to suggest that cokes with an 
inherently poor residue grading also produce more 
complement.

A point of some fundamental interest is that 
single-stage crushing experiments were carried out 
on cokes At and A2 and one other not included 
in the present series. The product in such experi­
ments can be separated into residue and comple­
ment and the dispersion coefficients of the residue 
distribution determined. These were found to be 
the same within experimental error and yet cokes 
Aj and A2 are considerably different after the 
multi-stage breakdown suffered in handling. Since 
the product of each act of breakage has the same 
characteristics, this can only mean that the prob­
ability of breakage of the different sizes in the mass 
samples are different, and, in fact, that relatively 
more of the smaller sizes are breaking down during 
handling in the case of coke A2. This agrees with 
the deductions made by Epstein and Lowry from 
the results of shatter tests on a number of American 
foundry cokes. They found that the determined 
screening analyses could be synthesised by assuming 
a constant single-stage fracture pattern and different 
probabilities of breakage. A point of general 
interest brought out by the samples taken at inter­
mediate points in two of the belt-handling systems 
was that the most severe breakage occurred in 
dropping from the belt to the bin. Breakdown in 
passing through the bin was of comparatively minor 
importance. Moreover, there was no evidence to 
support the view that fines are produced in the 
latter case by abrasion. In all cases during these 
tests attention was paid to keeping the service bin 
as full as possible and these results confirm that 
this is the correct practice to minimise breakage.

Table II.

ARGON-ARC SPOT-WELDER. NOTES ON NEW BOOKS.
The Heat Treatment and Annealing of Aluminium 

and Its Alloys. Part I: Practice.
The Aluminium Development Association, 33, Gros- 
venor-street, London, W.l. [Piice 2s.]

The scope of this brochure is covered fairly succinctly 
by its title. It describes the main groups of alloys— 
“ wrought ” and “ heat-treatable ”—and the various 
processes of heat-treatment; and proceeds to deal 
with the annealing of wrought alloys, workshop 
practice, and the metallurgical principles of heat- 
treatment and annealing, with reference to the 
main specifications, more particularly those for the 
aircraft alloys. The “ Practical Notes ” are con­
veniently set out in parallel columns, headed “ Do ” 
and “ Do Not,” classified as “ Heat Treatment ” 
and “ Annealing.” There is a useful bibliography. 
Attention is drawn to the fact that the plant neces­
sary for successful heat-treatment of the wrought 
aluminium alloys is described in a separate 
Information Bulletin (No. 4), obtainable from the 
same source.

A spot-welding process intended for use on 
stainless and other steels and alloys, and for tack­
welding in assembly operations where access is 
obtainable from one side of the work only, has been 
introduced by the British Oxygen Company, 
Limited, Bridgewater House, Cleveland-row, St. 
James’s, London, S.W.l. This, the Argonarc pro­
cesses used for making rapid flux-free spot welds 
on stainless steels, bright mild steel, magnesium, 
various copper-rich alloys, nickel-chromium alloys, 
and certain types of brasses and bronzes. By its 
means, the upper sheet in an assembly is fused to 
the material below it and the spot weld produced is 
of the characteristic circular form. An advantage 
of the process is that thin material may be joined to 
thick and, so long as the upper sheet is not more than 
ik in. thick, the welding of one sheet to another, a 
sheet to a plate, or a sheet to a bar, angles or T- 
sections, can be satisfactorily carried out. The 
torch employed, which is shown in use in the 
accompanying illustration, utilises the heat derived 
from the low-current arc struck between a tungsten 
electrode and the work-piece, and the arc, electrode 
and spot-weld area are protected from the atmos­
phere by a shroud of argon gas. As the arc is 
screened by the nozzle of the torch, the operator 
need not wear goggles.

Elementary Heat Power.
By Harry L. Solberg, Orville C. Cromer and 
Albert H. Spalding. Second Edition. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New York 
16. [Price 6 • 50 dols.] and Chapman and Hall, Limited, 
37, Essex-street, London, W.C.2. [Price 52 s. net.] 

First among the declared objects of the authors, 
who are all on the professorial staff of Purdue 
University, is to provide students with an under­
standing of the functions, principles of construction, 
and actual performance of lieat-power machinery 
as a basis for a study of engineering thermodynamics. 
Hence, the book is mainly of a descriptive nature, 
with only calculations of the simplest kind. 
Although the academic units “slug ” and “ poundal” 
are introduced and defined in the first chapter, 
their existence is wisely ignored afterwards, so that 
the phraseology conforms with ordinary engi­
neering language. The elementary nature of the 
treatment will be gathered from the fact that, while 
the First Law of Thermodynamics is emphasised by 
several examples of its application, the Second Law 
is dismissed in a couple of pages. After a discussion 
of fuels and combustion, the rest of the work is a 
general survey of the types of machinery used for 
developing power from heat, and for regrigeration 
purposes. The longest single chapter is devoted to 
internal-combustion engines, but furnaces, boiler- 
plant, steam turbines, reciprocating steam engines, 
gas turbines, refrigerators and heat pumps, together 
with fans, feed-heaters, condensers, pumps and 
other auxiliary apparatus all come under review.

Shatter Index.
Coke.

+ 2 in. + 1J in. — i in-

A 74 82 5
B 73 84 3
C 65 79 3-5
D 73 84 3
E 72 83 3

The automatic operation of the torch is provided 
by an electric timing unit which varies the duration 
of the arc over a wide range, usually from 0 • 8 to 
5 seconds, according to the type and the thickness 
of the material to be welded. After the current 
and the arc time have been adjusted, the torch is 
held down over the point where the weld is to be 
made. The operator exerts pressure on the torch 
to bring the parts into intimate contact. The 
trigger is then pressed and the argon, cooling-water 
and high-frequency current are switched on in the 
correct sequence. After the pre-arranged interval, 
all supplies are cut off except the argon gas, which 
is allowed to flow until the tungsten electrode has 
cooled. The torch is then raised and the operations 
repeated at another point. The torch is fitted with 
a water-cooled copper shield and an insulated 
handle. The diameter of the tungsten electrode is 
£ in. The welding transformer and the control 
cabinet are both mounted on wheels, 
immersed combined welding transformer and regu­
lator is wound on the primary side for connection 
to either a single-phase or two lines of three-phase 
supply at from 175 to 550 volts, 50 cycles. The 
secondary striking voltage is 100 and current regu­
lation is by two rotary selector switches, giving 
49 settings between 20 and 250 amperes. The 
control cabinet contains a 300-ampere single-pole 
contactor, a high-frequency unit, and water, argon 
and current distributors for connection to the torch 
leads. On top of the cabinet is the unit which 
controls the spot-welding time and the after-weld 
flow of argon. A stand is provided to take a 165 
cub. ft. cylinder of argon, the regulator for which 
is pre-set to a pressure of 10 lb. per square inch.

F 84 91 2-5

One further observation with regard to these 
experiments was that, in the drum-test series, the 
average size decreases linearly with the logarithm 
of the number of revolutions, as may be seen in 
Fig. 2, on page 806. This has already been com­
mented upon by Epstein and Lowry although the 
exact significance is not clear. The slope of the 
graph is obviously related to the strength of the 
coke but whether it has any advantages over the 
more conventional methods of expression is doubtful. 
In this connection the shatter-test values for most 
of the cokes are quoted in Table II for information 
only. The data are too few to justify making com­
parisons. As regards the complement produced by 
breakdown in the drum test, no simple relation 
could be established between that value and number 
of revolutions.

The Origin and Development of Aveling-Barford, 
Limited.

Published by Aveling-Barford, Limited, Grantham
and Newcastle-on-Tyne.

The firm of Aveling-Barford, Limited, is an 
amalgamation of two famous engineering firms, 
both more than 100 years old, namely, Aveling 
and Porter, Limited, of Rochester, makers of the 
first steam roller, and Barford and Perkins, of 
Peterborough, originally makers of agricultural 
machinery, and later the pioneers of the motor- 
driven roller. Thomas Aveling (1824-81) was a 
native of Cambridgeshire who settled in Kent. He 
established his engineering business in Rochester in 
1850 and there produced, in 1860, a “ patent 
Locomotive Engine ”—a four-wheeled vehicle 
steered by a fifth wheel projecting in front; it was 
illustrated in an advertisement which appeared in 
No. 1 of Engineering, on January 5, 1866. The 
invention on which William Barford (1832-98) built 
up his business was a system of cable ploughing, 
using a portable steam engine to provide the power. 
The two firms amalgamated in 1933, under Mr. 
Edward Barford, M.C., as chairman, and were 
established in new works in Grantham in 1934. 
In 1946, an additional factory was acquired at 
Scotswood, Newcastle-upon-Tyne, where the smaller 
products are made, the Grantham works being 
employed on heavy rollers, graders, and larger- 
capacity dumpers. The history of the two firms 
singly and in combination is excellently set out in 
this well-illustrated book.

(To be continued.) The oil-

Power-Station Signalling System.—A signalling 
system for transmitting routine orders between 
power-station control rooms and boiler and turbine 
houses has been devised by Standard Telephones and 
Cables, Ltd., Aldwych, London, W.C.2. It enables one 
of up to a total of ten orders to be selected by a rotary 
switch and initiated by pressing a knob. At the 
receiving end these orders are notified by audible and 
flashing visual signals. The receiver, of which there 
are a number of typos, is fitted with an acceptance 
button which silences the audible alarm and converts the 
flashing signal into a steady illumination. At the 
same time, a flashing lamp in the switch knob in the 
control room becomes a steady glow. The system is 
operated by direct-current at 50 volts over multi-core 
telephone cables.
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Du Pont: The Autobiography of an American 
Enterprise.

E. I. du Pont de Nemours and Company, Wilmington
Delaware, U.S.A. Distributed by Charles Scribner’s
Sons, New York. [No Price indicated.!

The more vociferous opponents of “ big business ” 
commonly exhibit two failings : firstly, that they do 
not know' much about its operations, and secondly, 
that they are apt to forget that the vast majority 
of big businesses were once small businesses. It 
may be that some have grown by methods other 
than the principle of the Golden Rule, but of most 
it is probably correct to say that their survival is 
evidence that, on balance, they have contributed 
something to the world that the world needed. This 
handsomely produced volume, designed to com­
memorate the 150th anniversary of the foundation 
of the Du Pont Company by Eleuthere Ircnee 
du Pont on July 19, 1802, may safely be left to tell 
its own tale. To the English reader, the present 
organisation may best be likened to that of Imperial 
Chemical Industries. Du Pont began as a maker of 
gunpowder; but, be it noted, for peaceful uses, 
good powder being a necessity to the early American 
settler. They still make explosives, for peace as 
well as war, but the list of their other products, 
and of the basic researches that they have sponsored 
and still sponsor, shows how' essential their large- 
scale operations have become to the essentially 
large-scale nation which has fostered their develop­
ment. A particularly instructive feature of the 
book is the succession of illustrations of the con­
temporary scene, domestic and social as well as 
scientific and industrial, accompanying the stages 
jn the story of the firm’s growth.

TRADE PUBLICATIONS. BOOKS RECEIVED.
Electrical Engineering.—Messrs. Oerlikon Limited, 

Victoria House, Southampton-row, London, W.C.l, have 
sent us a copy of a brochure issued by their parent 
company, the Oerlikon Engineering Company, Zurich, 
Switzerland. The purpose of the brochure is to celebrate 
the 75th anniversary, last year, of the foundation of the 
firm in November, 1876, but, as a similar publication was 
issued on the occasion of the 50th anniversary, the 
present one deals mainly with the more outstanding 
events of the past 25 years. The departments covered 
include research and development, large and small 
generators and motors, motor-control gear, transformers, 
high-voltage equipment, rectifiers and electrolysers, 
steam and gas turbines, and traction vehicles.

Air Compressors.—A we 11-illustrated 38-page catalogue 
dealing with their range of stationary air compressors 
has been issued by the Consolidated Pneumatic Tool Co., 
Ltd., 232, Dawes-road, London, S.W.6. Each class of 
compressor is introduced by a full description of its con­
struction followed by specifications of each different size 
and typical examples of drives. Two-stage air-cooled 
single-stage single-acting, and double-acting water-cooled 
machines are described, together with air-receivers and 
after coolers.

Broaching Machines.—A bulletin containing a brief 
description of the American type “ T ” three-way 
broaching machine has been sent to us by the Rockwell 
Machine Tool Co., Ltd., Welsh Harp, Edgware-road, 
London, N.W.2. This machine, made to the design 
of the American Broach & Machine Co., Michigan, 
by the Coventry Gauge & Tool Co., Ltd., is made in 
three sizes, having maximum capacities of 6, 12 and 14 
tons, respectively.

Fork-Lift Truck Operation.—A new manual entitled 
“ How to Operate a Lift Truck ” has been sent to us 
by the Hyster Company, 2902 N.E., Clackamas-street, 
Portland, Oregon, U.S.A.

Pulley-mounted Centrifugal Fans.—Details of their 
paddle rotor “ Uniform ” pul ley-mounted fans are given 
in a publication received from The Standard and Pochin 
Bros., Ltd., Evington Valley-road, Leicester.

Diesel-Engine Cooling.—A booklet dealing with auto­
matic temperature control as applied to the cooling 
of Diesel engines has been published by the Drayton 
Regulator and Instrument Co., Ltd., West Drayton, 
Middlesex. After describing the various types of cooling 
systems and temperature controllers, it explains how 
they should be used with open and closed cooling 
circuits. Oil cooling is also covered.

Constructional Materials.—A leaflet dealing with their 
range of Dexion constructional materials and accessories 
has been received from Dexion Ltd., Triumph House, 
189, Regent-street, London, W.l. “ Dexion ” consists 
of standard 3-in. by 11-in. slotted angle which can be 
cut into various lengths and bolted together to form 
storage racks, working platforms, light buildings and 
other structures.

Seed-Crushing Rolls.—A 16-page pamphlet giving 
details of their plant for crushing seeds and nuts for the 
purpose of oil-extraction has been received from Rose, 
Downs and Thompson, Ltd., Oil Foundry, Hull. It 
describes their preliminary reducing or breaker rolls, 
double-breaker rolls, Anglo-American rolls and hori­
zontal flaking rolls.

Diesel-Engine Starting Batteries.—A booklet describing 
their Diesel-engine starting batteries has been sent to 
us by the D.P. Battery Co. Ltd., Bakewell, Derbyshire. 
It deals with the present range of a type of battery 
developed some years ago in collaboration with leading 
Diesel-engine locomotive builders and users.

Gas Scrubbers.—Brief details of Pease-Anthony gas 
scrubbers are given in a leaflet received from the Power- 
Gas Corporation Ltd., Stockton-on-Tees. The types 
described are the P-A cyclonic scrubber, which is used 
for micron-size ducts, and the P-A Venturi scrubber 
for use with sub-micron ducts, fumes and mists.

Maintenance of Electric Motor Control Gear.—The 
fundamental principles to be observed in maintaining 
electric control gear are dealt with in a booklet, entitled 
“ Stitch in Time,” received from Igranic Electric Co. 
Ltd., Bedford.

Fluorescent Lighting.—The second edition of the “ Atlas 
Fluorescent Lighting Handbook,” which we have received 
from Thorn Electrical Industries, Ltd., 105, Judd-street, 
London, W.C., gives details of their lighting units for 
industrial, commercial and domestic purposes.

Paddle-wheel Fans.—We have received from Keith 
Blackman, Ltd., Millhead-road, Tottenham, London, 
N.17, an illustrated catalogue containint particulars of 
their paddle-wheel type fans for industrial use, available 
in capacities from 500 to 30,000 cub. ft. per minute.

Driving Gear for Belt Conveyors.—An illustrated 
booklet has been issued by Mavor & Coulson, Ltd., 
Bridgeton, Glasgow, S.E., describing the mechanism of 
their driving gears for belt conveyors, which range from 
7 h.p. to 200 h.p. Dimensions, weights, and belt speeds 
are given.

The African Press and Advertising Annual. 1952-1953. 
Edited by Chas. R. Pask and Baron V. M. Fredf.r- 
tcksz. 616, Boston House, Strand-street, Cape Town, 
South Africa. [Price 25s., post free.]

Applied Heat for Engineers. By Dr. J.-B. O. Sneeden. 
Second edition. Blackie and Son, Ltd., 17, Stanhope- 
street, Glasgow, C.4. [Price 20s. net.]

Cutting Fluids. Esso Petroleum Company, Limited, 
36, Queen Anne’s-gate, London, S.W.l. [Price 7s. 6(7.]

Lighting and Industry. British Electrical Development 
Association, 2, Savoy-hill, London, W.C.2. [Price 9s. 
post free.]

Memorandum on the Town Development Act. H.M. 
Stationers' Office, Kingsway, London, W.C.2. [Price 
6(7. net.]

Handbook of Engineering Fundamentals. Edited by 
Ovid W. Esbach. Second edition. John Wiley and 
Sons, Incorporated, 410, Fourth-avenue, New York 16, 
U.S.A. [Price 10 dols.] ; and Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 80s. net.]

Metropolitan Water Board. Forty-Ninth Annual Report 
for the Year Ended 31s7 March, 1952. Staples Press, 
Limited, 14, Great Smith-street, London, S.W.l. 
[Price 5s.]

The British Electrical and Allied Industries Research 
Association. Technical Report G/T 256. The Per­
formance of A.C. Fuses with Small Over-Currents at 
11 lcV. By II. W. Baxter and M. T. Cree. [Price 
6s.] No. G/T 265. Flameproof Enclosure of Electrical 
Apparatus. Gaseous Explosions in Communicating 
Compartments ; the Influence of Turbulence and Pressure 
Piling. By J. A. B. Horsley. [Price 6s.] No. 
L/T252. The Measurement of Permittivity at High 
Frequencies. By E. Rushton. [Price 6s.] No. 
S/T57. The Measurement of Lightning Currents. 
A Survey of the Present Slate of Knowledge. By 
R. H. Golde and T. J. Brown. [Price 12s.] No. 
S/T 60. Statistical Survey of Overvoltages Observed 
During Switching Tests on a 66-kV System with Arc- 
Suppression Coil and with Resistor Earthing. [Price 
3s.] No. Z/T 89. Fuel Cells. A Non-Technical 
Outline of their Development. By A. P. Paton. [Price 
4s. 6cZ.] Offices of the Association, Thorncroft Manor, 
Dorking-road, Leatherhead, Surrey.

Interim Rules for the Evaluation of Restriking Voltage 
Severity. The Association of Short-Circuit Testing 
Authorities, 36 and 38, Kingsway, London, W.C.2. 
[Price 5s.]

Ministry of Civil Aviation. Civil Aircraft Accident. 
Report on the Accident to Proctor 4 G-AJMX which 
Occurred on 13th July, 1952, near Rochester Aerodrome, 
Kent. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price Is. net.]

Mechanical World Year Book. 1953. Emmott and 
Company, Limited, 31, King-street West, Manchester, 
3. [Price 3s. (id, net]

Heat Transfer Phenomena. By Dr. R. C. L. Boswortii. 
Associated General Publications Pty., Limited, Sydney, 
New South Wales, Australia ; and Pergermon Press, 
Limited, 2, 3 and 5, Studio-place, Kinnerton-street, 
London, S.W.l. [Price 2 guineas.]

Welding Practice. Edited by E. Fuchs and H. Bradley. 
Vol. II. Welding of Ferrous Metals. Published, in 
association with Imperial Chemical Industries, Limited, 
by Butterworth’s Scientific Publications, Limited, 
Bell-yard, Temple Bar, London, W.C.2. [Price 
22s. 6(7,]

Prestressed Concrete. By Professor Kurt Billig. 
Macmillan and Company, Limited, St. Martin’s-street, 
London, W.C.2. [Price 36s. net.]

Structural Steelwork for Buildings.
By H. P. Smith, B.Sc. (Eng.), M.I.Struct.E. Crosby
Lockwood and Son, Limited, 39, Thurloe-street,
London, S.W.7. [Price 7s. 6(7.]

This is the third revised edition of a book on 
structural steelwork which was first published in 
1937 in a series dealing with building and allied 
trades. Its object is to tell the student of building 
how steelwork is designed in accordance with current 
British Standards, particularly B.S.449 on “The 
Use of Structural Steel in Building ” and B.S.153, 
on “ Girder Bridges.” The book is not intended 
for those who are training to become structural 
engineers; accordingly, theoretical discussion is 
limited to the minimum necessary to establish the 
rational basis of the practical rules used by designers 
in their calculations. The explanations, as far as 
they go, are clear and simple, and the chosen field 
is well covered by worked examples. The two 
final chapters deal with welded connections. It will 
be evident that the book is not addressed to his­
torians, and the statement, on page 1, that “when 
such men as Galileo in 1588, Bernoulli and Euler in 
1700, and others, first seriously investigated the 
way in which beams behaved when their shapes 
were altered, they only had training as general 
engineers to guide them,” is merely incidental to 
the author’s preface. When facts and figures are 
cited at all, however, they should be given correctly. 
Actually, Galileo’s work on beams was published in 
1638, Bernoulli’s in 1705 and Euler’s paper, from 
which the “ moment of inertia ” is derived, in 1778. 
Moreover, none of these mathematicians was 
trained as an engineer, nor did engineers pay much 
attention to their work till the Nineteenth Century 
was well advanced.

CONTRACTS.
The associated Kuwait company of John Howard & 

Co., Ltd., civil engineering contractors, 13, Buckingham 
Gate, London, S.W.l, have received a contract from 
the Kuwait Government for the construction of a 
technical training college to accommodate 1,000 
students. The contract is worth 2,000,0001., and the 
college will take two years to complete.

The General Electric Co. Ltd.,. Kingsway, 
London, W.C.2, announce that a contract has been 
placed with thoir Fraser and Chalmers Engineering 
Works for an electrically-driven winding engine for 
the No. 2 Area of the South-Western Division of the 
National Coal Board. The equipment is to be installed 
at the Glyncorrwg Colliery and will replace a steam 
winding engine. It will raise 270 tons of coal an hour * 
from a depth of 1,800 ft. and the weight of coal brought 
up at each wind will be 6 tons. The motor and switch- 
gear will be provided from the General Electric factory 
at Witton, Birmingham.

Colour Conscription. How to Use Colour in Industry.
Second edition. British Paints, Limited, Portland-
road, Newcastle-upon-Tyne, 2. [Price 10s. 6(7.]

The improvement of environment by an intelligent 
use of colours in the interior decoration of workshops 
and offices is the subject of this handbook. If a 
workshop requires to be repainted, it is only slightly 
more trouble to give some thought to the colour 
scheme, and even from a strictly utilitarian point of 
view the trouble will be worth while if it results in 
employees being stimulated as they enter their 
place of work. This handbook has been prepared 
for those who have not the time to study a highly 
technical treatise but who, nevertheless, seek a clear 
understanding of the principles involved.
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