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A 
E ngineering Centre, Glasgow : 

New Developments 
THE new conference and coffee room which 

has just been opened at the Engineering Centre, 
Sauchiehall St-ceet, Glasgow, marks a fnrther 
addition to the many amenities of this Centre 
for visitors to the Clyde industrial area. The 
room has been provided by Wylie and Lochhea.d, 
Ltd., of Glasgow, a well-lmown firm of ship 
furnishers, as a. demonstration of the firm's 
craftma.nship and artistic work. The room is 
pa.nnelled in walnut with a. zebrano banding. 
There are three tiers of panels extending around 
the room, which is furnished with chairs and 
small tables. An interesting feature of the 
new installation is the use of low-temperature 
electrically-heated panels for space heating. 
The heating insta.Uation has been carried out 
by Wylie and Lochhead, in conjunction with 
Richard Critta.ll and Co., Ltd., a. firm which sup­
plied the "Merlrae '' elements, these being 
generally similar to "Dulrae" elements except 
that they can be operated at a somewhat higher 
temperature. The heating elements are placed 
in the lower tier of panels and comprise 36in 
by 24in heating panels installed in wall recesses 
42in by 27in. Heat loss to the walls is 
cont.rolled by an insulating material placed 
between the panel and the face of the wall. 
For covering the beating panel a special type 
of wallboard ha.cs been used, which is polished 
and is more durable than the usual type of 
fibrous wallboard. To this board the walnut 
veneer was glued under pressure and the corn. 
plated panel, with the heating element behind 
the front veneer panel, is mounted flush with 
the other decorative panels. The cables 
supplying power to the heating units are led 
up through the floor and are completely hidden. 
The room measures about 35ft by 15ft and 
the total heating load is 7kW. The amount 
of beat is controlled by thermostats on three 
separate circuits. The new exhibits at the 
Centre include two engines demonstrating 
starting by I.C.I. power cartridges, and a 
stand for the National Physical Laboratory, 
which will be opened soon by the Department 
of Scientific and Industrial Research. 

Britain's Second Atomic Pile 
IT is announced by the Ministry of Supplythat 

on Saturday, July 3rd, Britain's second atomic 
pile, the new large Ha.rweU pile, began operation 
at low power. It will be recalled that in August 
last the first pile, the " Gleep," was put into 
operation. The Ha.rwell pile has a rated output 
of 6000k W and although experimental in 
character, it has been designed to produce by 
the transmutation of inactive elements all of 
the artificial radioactive isotopes required in 
this country by medical and other research 
workers. It is a graphite-moderated, air-cooled 
pile, the cooling air being drawn in through 
channels by electrically driven exhausters. The 
whole pile is surrounded by a concrete shield 
several feet in thickness to protect the workers 
from radiations, and the cooling air is discharged 
from a 200ft high chimney stack. The pro­
tective shield is pierced by holes, which can be 
plugged when not needed. Through these holes 
the inactive elements are placed within the pile 
for transmutation into radioactive isotopes. 
Surrounding the pile are the control rooms and 
the laboratories used by the scientific and 
operating staff. The operation of the pile is 
controlled by two sets of neutron-absorbing 
rods, which can be pushed in and out of the pile. 
The first set of rods is used to keep the pile 
operating at a constant power level, while the 
second set is available for shutting down the 
pile should any emergency occur. The basic 
calculations for the Harwel1 pile were begun in 
1945, and work on the design was started in 
April, 1946. In June, 1946, the first ground was 
broken by the contractors, W. E. Chivers and 
Sons, Ltd. The pile is built in an ex-R.A.F. 
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hangar at Harwell, and it was necessary to raise 
part of the roof by means of a Bailey bridge 
erected over the hangar during the work of 
excavation. The Royal Ordnance Factories 
and the Royal Dockyard at Devonport manu­
factured components and fabricated and erected 
the main steelwork. Special workshops were 
set up at Harwell for machining the graph­
ite blocks, and the uranium metal was 
furnished by the Imperial Chemical Industries 
R ocksavage factory, and the Ministry of Supply 
factory at Springfields. By the co-operation 
of scientific and technical workers, both Govern­
ment and private, it has been possible to start 
in operation this highly complex pile only two 
years after work was first begun. 

The Stringfellow Centenary 
AT Chard, in Somerset, there was celebrated 

at the week-end, July 2nd and 3rd, the 
hundredth anniversary of the first free flight of 
a power-driven model monoplane. It had been 
designed by John Stringfellow, the successful 
flights taking place in a disused lace factory at 
Chard during June, 1848. At the celebration 
dinner on Friday, July 2nd, over which the 
Mayor of Chard, Alderman Dr. A. E. Glanvill, 
presided, there were present Dr. Roxbee Cox, 
the President of the Royal Aeronautical Society, 
and Sir Frederick Handley Page, its Past. 
President, along with a granddaughter and 
great-granddaughter of the inventor. On the 
Saturday morning an official pilgrimage of 
remembrance, headed by the Mayor, was made 
to Chard Churchyard, where wreaths, one of 
which was from the Royal Aeronautical 
Society, were laid on Stringfellow's tomb. The 
pilgrimage was continued to the house in High 
Street, where Stringfellow lived and worked. 
A p laque was placed on the wall of this house 
some forty years ago. The celebration closed 
with a centenary dance on Saturday evening at 
the Town Hall. During the week-end there was 
staged in the Town Hall a small exhibition of 
model aeroplanes, including a. replica of String· 
fellow's successful model, and copies of a life­
sized reproduction of the inventor 's portrait 
were displayed in prominent parts of the town. 
A souvenir brochure has been issued by the 
Stringfellow Centenary Committee, of which 
Mr. F. W. Searle, the Town Clerk, has acted as 
hon. secretary. It may be recalled that some 
account of the work of Henson and Stringfellow 
was given in our columns on August 17, 1945. 
On Monday, July 6th, an exhibition of experi­
mental apparatus and literature bearing on the 
work of Henson and Stringfellow was opened at 
the Science Museum, South Kensington, and 
will remain open for one week. 

Completion of the Manchester­
Sheffield Electrification Scheme 

Sm CYRIL HURCOMB, the Chairman of the 
British Transport Commission, during his tour 
of the Eastern Region of British Railways, 
made an announcement at Sheffield, on Tuesday, 
July 6th, on the progress being made with the 
electrification of the Manchester-Sheffield-Wa.th 
lines. The project was (he said) decided 
upon before the war, and it covered 75 
route miles, representing some 330 single­
track miles, and when it was completed, in 
December, 1952, all classes of passenger, 
goods and mineral trains would be worked by 
electric traction, the use of steam locomotives 
being confined to shunting in marshalling yards 
and concentration sidings. The ovarhead 
system of power transmission using 1600-V 
d.c. will be employed. The completion of the 
electrification will be carried out in four stages. 
It is expected to introduce electric traction 
between Wath and Dunford in March, 1951, 
and in March of the following year to bring it 
into operation from Dunford to Manchester 
(London Road), including the new repair 
depot and oar sheds at Reddish. The third 

and fourth stages, which include Sheffield to 
Barnsley Junction and Levenshulme to Man­
chester (Central), will, it is expected, both be 
completed in December, 1962. The scheme 
will cost over £6,000,000 and will save, it is 
hoped, 100,000 tons of coal per annum. 

International Commercial Motor 
Transport Exhibition 

IT is announced by the Society of Motor 
Manufacturers and Traders that the notable 
series of exhibitions held in London will be revived 
by the first holding of the International Commer­
cial Motor Tran.qport Exhibition at Earl's Court, 
from October 1 to 9, 1948. The exhibition, 
which will be the fourteenth biennial event of 
this kind, started in 1907, will be ltt.rger than all 
its predecessors, both in rega.rd .to the number 
of exhibitors and the range and variety of its 
exhibits. In all, the products of some 420 
manuf~cturers are to be displayed, which will 
include motor chassis builders, body builders 
and trailer manufacturers. In the accessory 
and component section 200 manufacturers will 
be represented along with tyre makers and 
makers of t ransport service equipment. Many 
of the exhibits will represent designs specially 
produced for export trade, and every form of 
prime mover, including petrol and diesel engines, 
electric trolley and battery-operated vehicles. 
The tra.n~port vehicles will include models 
designed t o carry a range of loads between 
11 cwt and 22 tons, and for passengers from 
four to fifty-six persons. Special-duty types 
for municipal and public utility services will be 
on view, with trailers having capacity ranges 
from 5 cwt to 60 tons. In the auxiliary sections 
of the exhibition a complete range of con­
structional, maintenance and repair materials, 
accessories, components and equipment for 
workshops and garages will be shown. The 
organisers of the exhibition are willing to pro­
vide special facilities for visitors from overseas, 
and such visitors are asked to apply to the 
Society of Motor Manufacturers and Traders, 
Ltd., 148, Piccadilly, London, W.l. 

Ministry of Fuel and Power 
Scientific Advisory Council 

IN a Journal note of June 25th we recorded 
the appointment of Sir Alfred Egerton, F .R.S., 
Professor of Chemical Technology at the 
Imperial College of Science, and Secretary of the 
Royal Society, as Chairman of the Scientific 
Advisory Council which has been set up to 
advise the Minister of Fuel and Power on the 
scientific aspect of his duties. The names of the 
members of the Committee appointed by the 
Minister are as follows :- Engineer Vice-Admiral 
Sir Harold Brown, Engineer-in-Chief of the 
Fleet at the Admiralty from 1932 to 1936, and 
Chairman of the Fuel Research Board ; Dr. H. 
Roxbee Cox, M.I. Mech. E., F .R.Ae.S., Chief 
Scientist of the Ministry of Fuel and Power ; 
Sir Charles D. Ellis, F.R.S., Scientific Director 
of the National Coal Board ; Professor F. H. 
Garner, Ph.D., M.I. Mech. E., Professor of 
Chemical Engineering, Birmingham University; 
Sir Charles Goodeve, F.R.S., Director of the 
British Iron and Steel Federation ; Dr. E. S. 
Grumell, M.I. Mech. E., Chairman of the Fuel 
Efficiency Committee of the Ministry of Fuel 
and Power; Mr. J. Hacking, M.I.E.E., Deputy 
Chairman of the British Electricity Authority ; 
Dr. H. H ollings, Chairman of the Gas Research 
Board; Professor D. M. Newitt, of the Imperial 
College of Science and Industry ; Sir Harry 
Ricardo, F.R.S., M.I. Mech. E., consulting engi­
neer; and Professor S. Zuckeman, F.R.S., 
Professor of Anatomy in the University of Bir· 
mingham. The work of the Council will include 
the advising of the Minister with regard to the 
development of the coal, petrol and other fuel 
sources in Great Britain, and in promoting 
economy and efficiency in fuel supply, distri ­
bution and consumption. 
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all this long period nothing further in the way 
of water supply was called for. 

Water Supply of Greater London The situation of London, advantageous 
as, indeed , it is, based upon topographical 
considerations, has other advantages, how­
ever, than those already enumerated, and 
these arise from its geological situation, 
not that this affected supply in the earliest 
days, but in recent centuries it has se:ve.d 
to amplify the supply mat erially. This 1s 

No. I 

IT is safe to say that the site on which the 
original settlement of London was made 

was chosen or at lefl.st decided upon largely 
because of its water supply. As in the case 
in other parts of the world, a site sufficiently 
far up a river estuary to ensure safe harbour­
age and anchorage for shipping was requisite ; 
in the case of the Thames no site nearer tho 
sea afforded sufficiently high ground above the 
neighbouring marshes coupled with that desi­
deratum, a supply of clear water. Another 
import.ant factor in its location was that this 
was the nearest convenient point to the sea 
where the river was fordable, whence it 
became in neolithic times the ganglion of a 
number of tr.ackways. We know little of 
London before the Roman occupation 55 B .C., 
but we can envisage it as a fishing hamlet 
on the high ground where the Tower now 
stands and supplied with clear water from the 
Walbrook. Early in the Roman period it 
was realised t hat Londinium, because of 
the ford and converging trackways, was a 
strategic point ; consequently, it was fortified 
and became a walled city. Clearly the natural 
water supply proved adequate for the 
inhabitants, other·wise the Romans, as was 
their normal practice, would have added 
to it by an aqueduct as in others of their cities 
in Britain, e.g., Uriconium. No trace, how­
ever , of one in London has been found and 
historica l records are silent on the matter. 

• 

To recapitulate, the site pitched upon for 
what. is now the City of London is on the 
banks of a broad tidal estuary. This fact 
needs to be emphasised because t-idal power 
was t he main resource for actuating pumps 
in quite a number of installations during a 
period lasting for 250 years. The estuary 
is within 50 miles of the sea, in a valley into 

Thames ' supplemented by that from its 
tributary streams, from shallow wells sunk 
in the gravel noar the river, and from springH 
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FIGS. 2 AND 3-SECTIONS ACROSS LONDON BASIN 

at a further short distance away. Thus, 
every need was supplied from the time of 
the earliest settlement, during the R oman 
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F I G , 1- DISTRIBUTION OF DRIFT AND NATURAL DRAINAGE 

not the place t o go deeply in any detail into 
it.s geological aspect.s, but the main outlines 
may be recapitulated in general terms. 
Fig. 1 shows1 the surface geology-the extent 
and distribution of the alluvial or drift 
deposits of mud, sand and gravel over the 
area, but more especially the natural drainage 
and watercourses. Fig. 2 gives a section to 
scale across the London basin of the stratified 
geology: roughly N.N.W. t o S.S.E., about 
70 miles, while Fig. 3 gives a similar section 
across the basin from W .S.W . to E .N.E., 
rather greater in distance, i.e., 96 miles. 
In both cases the vertical scale is exaggerated 
about l : 35. The run-off is what fed the 
tributary streams already mentioned. The 
rainfall percolates through the drift deposits 
and meets the London clay ; this being 
impermeable, the top stratum acts as a 
reservoir , and as no evaporatjon can take 
place the water issues as springs at the 
junction of the gravel and the clay, thereby 
adding t o the tributary streams. Where the 
drift deposits extend to a depth below the 
river level, water is everywhere to be found 
and was tapped by sinking wells. By con­
stant drawing of water from these a reverse 
flow from the river t hrough the gravel can 
and does occur with t he benefit of inter­
mediate filtration. Indeed, this method of 
obtaining clear water has been taken advan­
tage of on a large scale higher in the Thames 
Valley, for example, at Hampton and at other 
localities still further up. 

which descended from the north and from 
the south many a stream now forgotten or 
remembered only in place names, on a healthy 
gravel ::~oil above surrounding marshes, and 
in a basin interspersed with beds of clay 
resting on a substratum· of chalk. The 
supply of water was obtained from the River 

period of occupation until their withdrawal 
round about 400 A.D ., during the reoccupa­
tion of the site from 200 years later, and 
onwards by the Saxons (for they were not 
an urban-minded folk) , till the Norman 
invasion , when London finally replaced 
Winchester as the capital of England. In 

I n this way began what may be termed an 
intermediate stage of supply by wells and 
by conduits from springs within the populated 
areas. With the extension of population 
involving t he covering of more and more of 

1 Of. " Wa.ter Supply of the County of London," H .M. 
Geologioa.l Survey, 1937. 

• 
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the catchment area with dwellings and involv­
ing pollution of the water by cesspits and 
cemeteries in the gravel, most of these 
sources had to be abandoned. By the 
thirteenth century supplies had to be drawn 
from springs and wells outside the populated 
area, e.g., from Tyburn, 1237 ; from Padding­
ton, 1440 ; from Hackney, 1559 ; and from 
Hampstead, 1589. This interesting period 
will be treated in detail later. Such supplies 
suffered in dry weather and were irregular ; 
eventually, in any case, they became insuffi­
cient for the population that had been 
increasing slowly during the Middle Ages. 
During all this time water was being obtained 
from the Thames by water bearers, but 
this was a laborious, inefficient and unsatis­
factory method, so that a limit might well 
have been placed upon further extension 
of population in the area. 

H owever, during the fifteenth and six­
teenth centuries great advances were made 
in the mechanic arts, providing among many 
other steps in progress the means to pump 
water from ground level to a high head, 
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The level is sinking at t.he rate of 1ft to 2ft 
per annum ; hence, wells have t o be deepened 
at intervals or fall out of service. It is 
calculated that it would take half a century 
to restore the water table to the status qu,o 
ante. 

The position now is that supplies can be 
obtained from a widely extended area above 
and below ground and distributed to any 
district, however elevated and at any dist­
ance. Such are the factors that govern t he 
vast extension of London 's water supply. 
How all this has been compassed, what have 
been the methods employed, and who were 
the actors in these notable undertakings, 
which, beginning with an area occupied by 
Londinium, a. matter of a litt le more than 
one square mile with an estimated population 
in the Norman period of possibly 20,000 
persons, has been extended to cover the 
'' Greater London '' of the Metropolitan 
Water Board with an area of 576 square 
miles and a population of nearly eight 
million persons, will occupy our a-ttention. 
Some idea of what this figure means will be 
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of quality have been demanded and 
attained. 

Nor can the human side of the story be 
neglected; the inventors of new plant, 
the numerous promoters of schemes, the 
engineers, the workmen and other persons 
must be mentioned and awarded the credit 
due to them. Furthermore, it will be neces­
sary to touch upon economic, social and even 
political events during the centuries of 
supply, in order to understand what were the 
motives that initiated or stimulated progress. 
Inextricably bound up with these events 
are t he activitie.~ of the Corporation, of 
local authorities, of the water companies and, 
lastly in particular, of · the Metropolitan 
Water Board that serves the area at present. 
These latter aspects, however, will not· need 
very detailed presentation, since they have 
been so frequently treated, books even 
having been written on the subject.2 The 
whole story will be the subject of this series 
of articles. The chief source of our informa­
tion has been the Metropolitan Water Board, 
to the wholehearted help of the officials 
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FIGS. 4 AND 5-STANDING WATER LEVELS IN CHALK, LONDON BASIN, 1878 AND 1936 

first by the aid of animal and by water 
power, and later , from great depths as well 
as to great heights, by energy derived 
from coal. 

Pumping from deep wells in the tertiary 
beds was a stage that has now almost passed 
and was succeeded early in the nineteenth cen­
tury by sinking wells into the chalk formation . 
This, as will be gathered from Figs. 4 and 5, 
showing the standing water levels in the 
chalk in 1878 and 1936 respectively, is a 
bed from 550ft to 750ft in thickness and 
constitutes by far the most important 
water-bearing bed below London. We may 
even call it a reservoir, but not in the ordinary 
sense of the word, because chalk is like blot­
ting paper and will not yield up its water , 
unless by pressure and heat, till the stage of 
saturation is reached. E ven t hen passage of 
water through chalk except along cracks and 
fissures is extremely slow. H ence, if a well 
does not strike a fissure, four or more adits 
or levels have to be driven radially from the 
bottom of the well to tap the water; this 
is now the established technique. The catch­
ment areas as shown by the diagrams are on 
the perimeter of the basin, specially the 
escarpments of the North and South Downs. 
The rainfall takes a long time to reach the 
central area, so that continuous pumping 
from wells bored into the chalk has resulted 
in a steady lowering of the water table 
not necessarily uniformly over the area. This 
is clearly shown by the maps, Figs. 4 and 5. 

realised when we recall that the population 
of Scotland is 4,842,000, that of the Common­
wealth of Australia 6,620,000, and that of 
the Netherlands 8,560,000 persons. 

It must be emphasised that t hroughout 
the whole period under review, the abiding 
and main source of the water has been the 
river Thames itself ; other sources have 
helped, but extension of population, from 
the City to the City of Westminster, to the 
Borough of Southwark on the south side, 
and then to the boroughs that have grown up 
around these, could not have taken place 
had it not been for the advantageous t opo­
graphical position of the river . 

It will be found as we proceed that this 
water supply has been mainly a mat ter of 
engineering. As time has gone on it has 
resolved itself largely into a question of 
pumping appliances, for it is true to say that 
there is not a drop of water available to-day 
in the Metropolitan area that at some stage 
or another has not had to be pumped, 
and twice or thrice at that. H ence, we shall 
find that the history of the supply is likewise 
that of advances in the art of harnessing 
the forces of nature to actuate water-raising 
appliances, and the share in this that London 
has taken has been no mean one. Along 
with this there have arisen problems first 
of distribution, then of the provision of 
settling and storage reservoirs, and lastly 
of filtration and of purification plant 
according as higher and higher standards 

of which we return our sincere thanks. 
It will be convenient to treat the subject 

of London's water supply more or less 
chronologically. Emphasis will be laid upon 
the means adopted as technique advanced 
to get and supply the water. This advance 
falls roughly into periods, albeit ill-defined : 
supplies from streams and wells, lasting t i11 
the thirteenth cent.ury; supplies by gravita­
tion in conduits, lasting till the end of the 
seventeenth century ; and in aqueducts, 
still continuing. These afforded low service 
only in areas limited by their topographical 
situation. The great advance permitted 
by pumping appliances, animal power, water 
wheels and tide mills started in the six­
teenth century. The supersession of these 
by steam power beginning in the latter part 
of the eighteenth century permitted an 
enormous increase in the scope of supplies 
and eventually introduced high service. 
The nineteenth and twentieth centuries 
have seen, besides the harnessing of extended 
powers, the collection and purification of 
supplies brought to fruition. 

(To be continued) 

-
!! W. 1\Iat.thews, " Hydra.ulia. .. . The \V at er \V orks of 

1.-ondon, 1835 " ; Sir Fra.nois Bolton, " London \Va.tE'Ir 
~upply, 1884 "; H. C. Richa.rds, W. H. C. Payne and 
,J. .P. J::l. Sop er, " London W a.ter S-wply," second l}d ition, 
1899; R . Sisley, "The London a.ter SuJi>.P, ly, a. Retro­
spect a.nd a. Survey," 1899; A. Sha.dwell, The London 
Water Supply," 1899; H . Berry, "London's Wator 
Supply, Three Lectures," 1943. 
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Process Research 
By A. H. ASTON, F.S.S. , A.M.I.P.E., A.M.I.I.A. 

No. II-(Oontinuedfrom page 3, July 2nd) 

ERROR IN FACTORIAl. DESIGN 

TN general the estimation of inherent error 
.l is a task which only a statistician can 
undertake, but for the four factor test 
described above there js a fairly simple 
method. 

In any comparison let d be the difference 
between the sums of the two contrasted 

d2 
groups of eight. Calculate w= V and 

repeat for each of the fifteen comparisons, 
then pool and average the five values of V, 
representing triple and quadruple inter­
action. Now, because the incidence of triple 
and quadruple interactions is uncommon 
each of these five values of V is likely 
to be an estimate of the inherent error 
and while each, taken separately, may be of 
low precision, the estimate based on the 
average of five commands a fair degree 
of confidence. Reflection will show that 
any value V is composed of two sources of 
variation, the first is that inherent in the 
experiment, the second is the difference 
between the groups due to altering a factor 
or factors. If the effect of changing the 
factor( s) is negligible then the ratio of V 
to error ought to be unity, but will in fact 
vary within certain limits because of the 
interplay of the uncontrolled variables; 
as, however, the ratio increases it becomes 
increasingly probable that V is really greater 
than error and if this is so then it must be 
due to d, which measures the difference 
between the means of the two contrasted 
groups ; thus a high ratio of V JE suggests 
that the particular contrast being examined 
is significant. 

In general, for a four factor two level test, 
where the estimate of error is based on five 
values, it is likely that a ratio greater than 
70 shows a real significance while a ratio 
greater than 16·0 makes it highly probable. 

These values will appear high and they 
are dependent upon the size of the experi­
ment. If, for example, the estimate of error 
had been based on ten values then the sig­
nificance levels would have been five and 
ten ; if the estimate had been based on twenty 
values then the levels would have been 
4 ·5 and 8 ·0. This merely illustrates the 
obvious, though often neglected, fact, that 
the precision of an experiment is dependent 
upbn the amount of data available. 

There are several comments which must 
be made upon the use of this method of 
evaluation. The first is that the estimate 
of error depends upon the absence of triple 
or quadruple interaction. If these are 
present then the apparent error will be 
increased, the ratio V JE will be reduced and 
significance will not be obtained. The 
second is that a high ratio is not necessarily 
a proof of significance ; the basis of the 
test is that we assume there·is no difference 
between the groups and then assess the 
frequency with which the observed difference 
would occur if both groups were values or 
samples drawn at random from a much 
larger group of values or parent population. 
By convention a difference which would 
occur with a frequency of less than one in 
twenty in repeated sampling is considered 
significant and a frequency of less than 
one in one hundred highly significant. Thus 
for our four factor test a ratio of V to E 
greater than 7 · 0 indicates that the probability 

is less than one in twenty, that the two 
groups are drawn from the same population, 
and a ratio greater than 16 · 0 indicates a 
probability of less than one in one hundred. 
It is obvious that these long odds will occur 
with their expected frequencies and occa­
sionally therefore in repeated experiments a 
false conclusion may be drawn. 

INCREASING THE PRECISION OF ERROR 
ESTIMATE 

The precision of an experiment may be 
considerably increased by duplicating each 
test, because the comparison of each identical 
pair gives an estimate of the inherent 
error of the experiment and, as pointed out 
previously, improved precision in estimating 
E reduces the ratio required for significance. 
Duplicating a four factor experiment would 
mean making thirty-two tests and this is 
often too many for a works scale research, 
but a three factor test involving eight 
combinations can be duplicated to give a 
greater precision than a single four factor 
test and is therefore to be preferred where 
possible. 

In order to make the next part clear it is 
necessary to have a more exact knowledge 
of how V is defined. 

In any two-level factorial experiment 
the total number of combinations is 2" 
and for any required comparison these are 
split into two equal groups of ! 2"= 2n--1. 

The exact definition of V is then :-
!ds }dl dl 

V =Total number in group - i2" =2n 
In a duplicated test the procedure for 

estimating the effects of the factors is exactly 
as before except that each test combination 
will appear twice in each group. Thus the 
total number of tests is 2 X 2"= 2"+1, 
and each group for a required contrast 
will contain 2" test results, consequently :-

!ds d' 
V=f 2n+1= 2n+1 

Thus, for both a single four factor test 
d2 

and a duplicated three factor test V= 
16

. 

The estimation of error in a duplicated 
test is simple. Take each pair of tests with 
the same combination of factors, call the 
difference D, calculate lD2 , repeat for all 
combinations, then sum and average the 
results. Algebraically this may be shown 
as:-

1~1 1 ~ 
E=2nL_.2DI=2n+t L_.Da 

The required ratio of V JE can then be 
reduced to :-

V d2 

--
E- ~D2 

For judging significance the following 

Signitica.nce 
No. Levels (P) 
of -

N 2n Exps. I in 20 1 in lOO 

2 4 2 7·71 21·20 

3 8 2 5·32 11· 26 

1 6·61 16 ·26 
4 16 2 4·49 8·53 

1 4 · 49 8·53 
6 32 2 4·15 7·50 

table, which has been extracted from those 
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published by Snedecor and Fisher, can be 
used. It gives the one in twenty and one in 
one hundred levels for the ratio V JE for 
single and duplicated tests, as indicated in 
the third column. For the single tests the 
estimates of error are based on the pooled 
and averaged values of V for triple and higher 
interactions. 

SLMPLE THREE FACTOR EXAMPLE AT Two 
LEVELS 

To illustrate the foregoing sections, here 
is an example of a duplicated three factor 
test:-

Test 1 Test2 Sum Diff. DZ 

ABO I 4·7 4·8 9·5 0·1 0·01 
aBO a 4·7 5·0 9 · 7 0·3 0·09 
AbO b 4·9 4·7 9·6 0·2 0·04 
abO ab 5·0 5·0 10·0 0·0 0·00 
ARc c 5· 1 5·0 10· 1 0·1 0 ·01 
aBc ac 5·0 5·2 10·2 0·2 0·04 
A be be 5·3 5·3 10 ·6 0·0 0·00 
a be a be 5·2 5· 3 10 ·5 0·1 0·01 

39·9 40·3 80·2 0 ·20= ~D• 

To assess the effect of altering A to a:­

d2 .a = 2n + 1 V il = [ ( 9 · 7 + 10 · 0 10 · 2 + 10 • 5) 
- (9· 5+9· 6+ 10·1 + 10· 6)]2 

= (40. 4-39· 8)2 

=0·36 

V A dl 0 . 36 1 80 (N . ifi ) E = ~D .= 0 . 20 = · ot sign cant 

Similarly for B :-
d2 B =[(9· 6+ 10 . O+ 10· 6+ 10· 5)- (9 · 5+9· 7 

+ 10·1 + 10·2)]2 

=(40· 7 - 39 · 5) 2 

V B 1· 44 7 2 (S ' ifi p . . E=0 . 20 = · Ign cant < 1 m20) 

d2
0 = [(10 · 1 + 10· 2+ 10· 6+ 10· 5)- (9· 5+9· 7 

+ 9 . 6 + 10 . 0 )]2 

= (41·4-38·8)2 

V 0 6 ·76 . . . E= 0 . 20 = 33 · 8 (Highly Significant p < 1 in 
100) 

d 2.4 8 = [(9· 5+ 10· O+ 10·1 + 10· 5)- (9· 7 + 9 · 6 
+ 10·2+ 10·6)]2 

= (40·1-40·1)2=0 (Not significant) 

d2 A.O =[(9· 5+9· 6+ 10· 2+ 10· 5)- (9 · 7 + 10·0 
+10·1+10·6)]2 

= (39. 8-40· 4)2 

V Ac 0·36 
E = 0 . 20 = 1 · 80 (Not significant) 

d2 BC =[(9 · 5+9· 7 + 10· 6+ 10· 5)- (9· 6+ 10•0' 
+ 10·1+10·2)]2 

= (40· 3- 39· 9)2 

V .40 0 · 16 
E = 0 . 20 = 0 · 80 (Not significant) 

d2 JJ.BO =[(9·7 +9· 6+ 10 · 1 + 10· 5)-(9· 5+ 10· 0 
+10·2+10·6)]2 

=(39·9-40·3)2 

VA.BO 0·16 .. 
E = 0 . 20= 0 ·80 (Not significant). 

The following gives a check on the arrange­
ments and arithmetic :-

~d' 
d2 =2n+l V, therefore ~V =

2
n+ l = 0· 5775. 

But EV may also be estimated directly from 
the data thus:-

~V :::2 9 ·52+ 9 · 72 + 9 · 62 + 10 · 02 + 10 · 12 + 10. 22 
+ 10· 62+ 10· 52-80· 22/ 16 

=0·5775 

If, now, reference is made to the assessment 
of laboratory data discussed earlier in this 
article, it may be observed that the argument 
was parallel to that just discussed, but that a 
definite assessment of significance was made 
on the basis of the range of the results of 
repeated tests. It may now be asked 
whether the conclusion was valid and whether 
the observed difference of 5 per cent would 
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be more accurately expressed as a prob­
ability ; but if it should, then how can a 
probability be applied to a result which falls 
outside given finite limits 1 The answer is 
that the probability method is correct, and 
the reason is that the limits on the range are 
not finite. 

THE MisusE oF RANGE 
The misleading character of range is that 

as the quantity of data increases the range 
limits get wider. A few moments' reflection 
will show why ; for if the range is the varia­
tion about a true value caused ~y the inter­
play of uncontrolled variables, then the fre­
quency with which each variable takes up its 
extreme values will be small and the fre­
quency with which several or all will be 
simultaneously at their extreme values and 
weighting the results in the same direction 
will be very small indeed. Consequently the 
more frequently samples are taken the more 
likely it is that wider limits will occur. The 
missing data from the laboratory assessment 
was therefore that no reference was made to 
the number of tests on which the limits of 
±1 per cent were based . If the limts were 
derived from years of testing so that the 
nu m hers of tests ran into many thousands, 
then the probability would be one in millions; 
if, however, the limits were based on only 
two previous tests, then the probability is 
less than one in twenty and not significant. 

EXAMPLE OF PROBABILITY AND LIMITS 

To make the preceding sections clearer an 
example based on the binomial theorem can 
be used . Let us suppose that there is a 
process which makes golf balls, 50 per cent 
of which it should colour red leaving the 
remainder white ; it then mixes the balls 
throughly and discharges them packed in 
boxes of eight. If now we select a box at 
random and find that it contains eight red 
balls, the problem immediately arises whether 
the proportion of red balls has changed or 
whether the combination has occurred by 
chance; and we require to know the prob­
ability of getting eight red balls in a random 
sample. This problem can be solved with 
mathematical exactness. It is obviously 
possible to obtain eight red balls under the 
stated conditions, but it is most unlikely that 
it would happen and the probability can be 
calculated accurately by expanding the 
binomial (R+ W)8. If 256 boxes of eight 
were taken then the expected occurrence of 
each combination of red and white balls 
would be:-

Red White Frequency 
8 0 1 
7 1 8 (Binomial 
6 2 28 coefficients 
6 3 51'1 from 
4 4 70 Pascal 's 
3 (j 66 Triangle) 
2 6 28 
1 7 8 
0 8 1 

266 

The probability of getting eight red balls is 
therefore 1 in 256, and as this is far beyond 
the significance level it would be considered 
extremely unlikely that the process was pro­
ducing equal quantities of each colour. It 
would not, however, be a proof, because in 
fact it is always possible that the 256 to 1 
chance has occurred. Now pose the question 
differently. No knowledge is available con­
cerning the proportion of red balls, but 127 
boxes have given the following distribution: 

Red White Frequency 
7 I 4 
6 2 14 
6 3 28 
4- 4 36 
3 6 28 
2 6 14 
1 7 4 

127 
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If, now, a box containing eight red balls is 
obtained, does this show a change in pro­
portion, as it is outside the previous range 1 
Quite obviously it does not, because the 
limits of the range are not :finite ; but what a 
temptation it would be if the theoretical 
distribution had been unknown, as is nearly 
always the case in process control. 

Range therefore is dependent upon the 
number of tests on which it is based, and its 
use is not advocated. For small numbers 
range is a very inaccurate assessment of 
variation, but it may in certain circumstances 
and with proper safeguards be as efficient as 
other methods of estimation , as is e·xplained 
in British Standards Publication B.S. 600R. 

It should be clear by now that in any 
experimental work the results can only be 
assessed by knowing the inherent error in the 
process, and the precision with which the 
error is known depends upon the num her of 
tests from which it is estimated; moreover , 
comparison between groups can be made only 
when the number of tests in eaoh group is 
similar or when correction factors have been 
used to eliminate the differences. This last 
point is one of such interest that it deserves 
one more example to illustrate it. 

\ 

ExAMPLE I NvOLVING SAMPLE SIZES 

In the aluminium industry a series of, say, 
100 electrolytic cells are simultaneously pro­
ducing aluminium. The total daily yield is 
50,000 lb and it is known from long experi­
ence that the yield of any day will be within 
±2 per cent of this figure; the daily yield 
limits are therefore 49,000 lb to 51,000 lb and 
the mean yield per cell lies within the range 
490 lb to 510 lb. If now a group of four 
cella of different design is put into t he cir­
cuit and the first yields average 530 lb per 
day, is this a proof that the new design is 
better 1 It certainly is not ! The limits 
of 490 lb to 510 lb /day apply only to the 
mean of 100 cells, the individual cell yields 
will have a much greater scatter than this, 
and so, too, will the mean yields of smaller 
groups. The limits for a mean value vary 
with the square root of the number in the 
group, thus, with a given range R based 
on N observations, the value of r of a group 
of n observations will be :-

r=RJ~ 
I f both n and N are very large this relat ion 

is fairly accurate, but for a small value of 
n or N the range will be subject to the 
limitations discussed above. In this instance 
we are not concerned with accurate values 
but only to illustrate the principle ; thus, 
for t he example given above the range for r 
would be 

• 

r=20[~ 
4 

Hence r = 100 and for groups of four the 
limits on the mean are 450 lb to 550 lb and 
the mean yield of 530 1 b does not prove the 
new design to be better . . 

The faulty comparison of means drawn 
from different sized groups is so common 
that the importance of t his section cannot 
be overstressed. 

THE STATISTICAL BACKGROUND 

Much of this article has been concerned 
with the inherent error and it has been 
shown that the range is an inefficient method 
of estimating it. A much better method is 
to calculate the '' variance '' or second 
moment about the mean of the data*, 
which is a simple, statistical estimate giving 

•See B.S.600R or any text book on elementary 
statistics. 
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the maximum efficiency. This estimate, 
together with its square root, called the 
" standard deviation, " constitute the basis 
on which most of statistical science is built. 
They have provided the background for this 
article, which has been essentially statistical 
in its methods and arguments, but the pre­
sentation has been made in non-statistical 
language, for the purpose of showing that 
the application of simple statistical methods 
to industry does not r equire mathematical 
scholarship but only elementary algebra, 
commonsense and an understanding of the 
fundamentals of statistical reasoning. 

Factorial design is a powerful research 
tool, but it is only one of many such statistical 
techniques which are available for use in 
industry and all of them can be readily 
applied by anybody with slight mathematical 
ability who is prepared to devote some time 
to the study of statistical reasoning. The 
misconception that high mathematical skill 
is required arises because statistical science 
may be split into two parts; the first deals 
with the theoretical mathematics of statis­
t ics and certainly calls for mathematical 
ability of a high order, but the results of 
the mathematical theory are translated 
into relatively simple formulae which the 
non-mathematical can safely apply provided 
only that he understands what he is doing. 

During the war years industry became 
increasingly aware of the value of statistical 
methods, as a result of Statistical Quality 
Control, which was publicised by the 
Ministry of Supply and simply explained in 
the British Standards publication, B.S.600R. 
This has stimulated an interest in general 
statistic~! methods, resulting in the steel 
industry, for example, in a series of lectures 
for leading executives on the application of 
statistical methods to steel making prob­
lems. The interest is still growing and the 
time is undoubtedly coming when no mana­
gerial complement will be complete without 
a new type of man, the industrial statistician, 
who will have an engineering and production 
background, together with a wide knowledge 
of modern statistical methods. Already 
some employers are looking for such men, 
but there are very few and the employer 
is handicapped in trying to estimate an 
applicant's statistical knowledge, as there 
is no academic qualification other than a 
university degree in mathematics, which 
usually precludes the production and engi­
neering experience and qualifications which 
are also essential. 

The Royal Statistical Society is aware 
of the need for both industrial statisticians 
and a new academic standard and is there­
fore setting itself vigorously to solve both 
problems. It has started an Industrial 
Application Section, which is solely con­
cerned with tho application of statistical 
methods to industry, and now holds 
internal examinations among its own 
members, so that in future a Fellow of 
the Society will be able to demonstrate 
his statistical ability together with his 
engineering and production qualifications. 

The Council of the Society should be 
congratulated on their foresight in antici­
pating the coming demand and it is hoped 
that employers will increasingly avail them­
selves of the experience of the Industrial 
Application Section and the knowledge of 
its members, both of which can contribute 
greatly to the efficient reorganisation of our 
industrial economy. 

The subject of factorial design is treated 
at length in '' The Design of Experiments '' 
R . A. Fisher , published by Oliver and Boyd, 
Edinburgh, and . also in " Industrial 
Experimentations," K . A. Brownlee, pub­
lished by His Majesty's Stationery Office. 
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The Royal Show at York ' 
No. I 

TH E Royal Agricultural Society's annual 
show opened in York on Tuesday last,. 

July 6th, and closes to-day, July 9th. This is 
the fourth occasion on which the '' Royal ' '' 
has been held in t.he immediate neighbourhood 
of York, former shows there having taken 
place in 1848, 1883, and in 1900. The site of 
the present show is at Knavesrnire, on the 
Tadcaster Road, and covers an area of appr oxi­
mately 100 acres. At the time of going to· 
press, it is not easy to estimate the total 
attendance at the show, although there are 
indications that last year's recor d figure of 
250,000 will be equalled if not surpassed. 

main shaft, which passes through a substantially 
constructed gearbox encasing a ground 
bevel gear and pinion, running in a sealed 
oi l bath. A safety clutch, incorporated in 
the power mechanism of the machine, can 
be operated from the tractor driver 's seat 
by means of a cord. 

Other exh!bits of this firm include a pea 
cutter, which, it is claimed, is particularly 
suitable for use under conditions where it is 
not possible to work a mower . The machine 

). 
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on which they can be adjusted for spacing as 
required. The hoe is fitted to the toolbar frame, 
and as it is mounted on rollers it has inde­
pendent lateral movement, which is controlJecl 
through a tiller lever by an operator seated at 
the rear of the machine. The requisite depth 
adjustment can be m ade by raising or lowering 
the wheels on the t oolbar frame. 

MODERN DESIGNS, LTD. 

The Packman potato harvester, illustrated 
in Fig. 2, is among the exhibits of Modern 
Designs, Ltd., Twyford, Berks, and is 
one of the implements entered for the Silver 
M,edal competition. A feature of this machine is 
the main separating drum, which is a rotating 
circular sieve of welded st.eel, 90in in diameter. 
This sieve is connected by sixteen paddles to 

• 

I 

• 

• 

-

The machinery section comprises 535 stands 
and is therefore even more extensive than 
that of last year's show at Lincoln, where 
425 stands were occupied. The exhibits again 
cover · a very wide range of implements and 
certainly present an up-to-day impression of 
the progress of mechanised agriculture. Equip­
ment designed to assist arable farming, dairy 
farming, and horticulture may be seen, and 
all of it demonstrates the careful attention 
which engineers are constantly giving to the 
needs of cultivation, not only in t his country 
but in overseas countries as well. As usual, a 
prominent feature of the show is the Royal 
Agricultural Society's Silver Medal competition 
for new implements. Thirty-seven new imple­
ments were entered for the competition, which 
number included a few machines upon which 
the judges deferred their decision last year. 
Another feature of special interest is the 
demonstrations representative of rural crafts­
men, such as blacksmiths, wheelwrights, sadd­
lers and hurdle-makers, all of whom still take 
an important part in the business of British 
farming. 

In what follows, we begin a description of 
some of the implements shown at York. For 
the most part, the present article is concerned 
with implements entered for the Silver Medal 
competition. 

FIG. 2-PACKMAN POTATO HARVESTER-MODERN DESIGNS 

H. LEVERTON AND Co., LTD. 

A potato harvesting machine in the 
Silver Medal competition is the potato and 
r oot-shaker-digger built by H. Leverton and 
Co., Ltd., Spalding, Lincs. It is a tractor­
driven machine mounted on wheels which are 
adjustable on an extending axle. The land 
wheel can be offset by a screw adjustment to 
give more or less land as may be required for 

consists of t1u'ee torpedo-shaped dividers placed 
in V formation, and mounted on an adjustable 
framework at the front of the tractor. These 
dividers can be S€lt to suit the spacing of the 
crop and their purpose is to part the drill 
rows, thus making way for the tractor wheels 
and automatically positioning the vines for 
the cutting blades. The cutting blades are 
carried by heavy beams on a row crop toolbar 
fitted to the rear of the tractor. The blade 
units can , of course, be set to accommodate 
the depth and spacing of the crop and are 
easily cletachable for sharpening. A front view 

a centre wheel having an axis inclined in t ·wo 
directions to the line of travel. The narrow 
steel plough fitted t o the machine coincides 
with the lower circumference of the separating 
drum and makes an angular cut below the 
ridge, thus a1lowing the soil and potatoes to 
flow in a tangential d irection on to the sieve. 
As the sieve r otates, its surface tilts until the 
potatoes are discharged through spaces between 
the paddles on to a horiz.ontal welded steel disc 

• • s teve. 
Revolving brushes help t o remove the soil, 

anrl the potatoes · are carried round the rli sc 

FIG. 1-PEA CUTTER-LEvERTON FIG. 3 - STEERAGE HOE-LEVERTON 

varying row widths. Two divided shares lift 
the potatoes, which are passed on to a conveyor 
consisting of reciprocating parallel rails. The soil 
is sifted from the potatoes which are then 
passed to the rear end of the machine by the 
action of shakers and are finally deflected 
from the next row. The power drive is trans­
mitted through double universal joints t.o the 

of the pea cutter at work in a heavy crop is 
reproduced in Fig. 1. 

A power lift rear steerage hoe, illustrated in 
Fig. 3, is another machine shown by H. 
Leverton and Co., Ltd. It can be used with 
most standard row crop tractors. The hoe 
blades are all independently sprung to ensure 
even hoeing depth and are attached to a bar 

sieve while spring fingers complete the cleaning 
process. The potatoes are then brush-swept 
on to a we~de~ steel sorting disc and finally 
pass t? an mclmed ~levator which discharges 
them mto the collectmg vehicle. The elevator 
has a treated canvas band 18in wide to which 
light. a ll?y bucket~ are riveted, and' its upper 
port1on 1s encased m a ~teel body which can be 

• 
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folded down to facilitate tram~port. The power 
unit of the P ackman harvester is a P etter 5 h.p. 
a.ir-cooled engine which drives through a clutch 
t he main lineshaft, and from this shaft variouH 
V-rope driveR are taken t o duRt-tight gearboxes 
which enclose shafts and gears running in 
oil baths. 

The main frame of the machine is a welded 
tubular steel structure mounted on pneumatic­
tyred wheels. The forward end of the frame 
slides up and down a steel column under the 
influence of a p ower -driven Jift gear , by m eans 
of which the plough can be raised and lowered as 
required. The makers have also designed some 
aC'cessories to the harvester, which include 
a haulm stripper, a haulm plucking machine, 
a bagging attachment, and a stone ejector. 

JoHN SALMON ENGINEERING CoMPANY, L TD. 

In the last few years, agricultura l engineers 
have given a good deal of attention t o the 
mechanical h arvesting of sugar beet, and one 
of the machines for this purpose which was 
entered as a new implement is that constructed 
by J ohn Salmon Engineering Company, Ltd. , 
Dunmow, E ssex . This tractor-drawn machine, 
a view of which is reproduced in Fig. 4, is 
primarily intended t o lift and load the beet 
directly into a trailer drawn a longside, but. if 
necessary a hopper C'an be fitted so that the 
beet can be left in windrows in the field. The 
main frame is constructed of angle steel, and 
from it the topping unit is suspended by springs . 
The beet tops are actually cut off by a single 
inclined knife, controlled by a power-driven 
. pider wheel, the spokes of which ride over the 
tops of the beet and force them on to the knife. 
The severed tops are turned to one side by a 
blade on the rear of the inclined knife and are 
left in windrows clear of the machine. 

fHE ENGINEER 

attached to the tractor ; it can be easily 
adjusted or cliHengaged by the operator, and 
enables the harvester to be turned on a 6-yard 
heart land and to he HOt in squa rely to the 
beginning of the row. 

THE BIRTLEY COMPANY, LTD. 

Another sugar beet harvester in t.his year 't> 
new implement competition was the Birtley 
, 'ilk machine, which is shown on the stand of 

HJ 

with a built-in clutch. I t may be mentioned 
that the engine is easily detachable from the 
machine and can thus be employed in other 
farming tasks during months when the beet 
harvester is n ot in use. The rotary ploughs 
are carried by a Hystem of chain.'3 ancl links and 
are adjustable to the most convenient 
angle and height for removing the beets 
from the earth. A lever, p laced so that it 
can be operated from the tractor driver 's seat, 

A twin-arm lifter takes the beets out of the 
ground and they pass to a cleaning elevator, 
t.he trongh of which is ronRt.r'l iC'ted of undulating 
rods set at an angle to the base. The beet~:~ 
pass over the crests of these r ods without 
damage, but as the earth pi<·ked up with them 
is of weaker structure, it breaks up and passes 
through the slats. Most of the earth is removed 
by the continuous shaking action of the cleaning 
eievator, but the rear elevator on the machine 
i · designed to knock any remaining soil 
and trash from the crop. The 'almon harvester 
is equipped with a 4! h.p .. f.A.P. air-cooled 
engine which provides p ower through a centri­
fugal r lutch , V -belt and chain drive, and 
a(ljustahle slip-clutches fitted to the ma in 

FIG. 5-BEET HARVESTER- BIRTLEY 

t he Birtley Company, L td., Birtley, Durham, 
This machine, which i~:~ illustrated in F ig. 5. 
does not top the beet, but is intended to lift 
and clean the crop after t he tops have been 
taken off by hand. 

As the tractor draws the machine a long the 
row the action of r otary ploughs is such that 
t he beets are squeezed from the earth and passed 
to a con vey<'r which is, in effect, a series of 
transverse steel bars linked together. .Much of 

' 

FIG. 4 - BEET HARVESTER- SALMON 

drive, primary feeder and rear-elevator drive 
give pr otection again.c;t overloading t o all 
working parts. 

The makers claim that the arrangement of 
the steering unit ensures that the harvester 
is easily manreuvrable when at work, giving 
a fine adjustment while travelling along the 
rows and also p ermitting the tractor to turn 
at an arute angle to the harvester when the 
headlandA are reached. This movement is 
o btainecl hy a steering bar actuating in a rack 

the soil is shaken from the beets as they are 
passed along this conveyor to a cleaning 
elevator which delivers the crop to a second 
conveyor at the rear of the harvester. This 
latter conveyor is const ructed from steel 
bars connected by links, and as it runs in 
opposition to the beets, any remai~ng soil 
is removed from them as they fall agamst the 
rising con veyor bars. 

The two conveyors and the elevator are 
driven by an 8 h .p. twin-cylinder petrol engine 

provides the mean.'3 for lifting t.he plough wheels 
clear of the ground. The complete harvester, 
a.'' our illustration shows, is carried by two 
pneumatic-tyred rear wheels, their stub axles 
being so designed that the gauge of the wheels 
can be altered to suit the pit ch of the rows 
of beet. 

E. ALLMAN AND Co., L TD. 

Crop sprayers are among the principal 
exhibits of E. Allman and Co., Ltd. , Chichester, 
one of them being the " KlingK loud " turbine-

FIG. 6 - CROP OUSTER-ALLMAN 

operated duster, which was a Silver Medal 
entry. This machin e is provided with a clu.c;ting 
boom 24ft wide, to which extensions may be 
made to give a width of 40ft. It incorporates 
dusting fish tails made from moulded rubber, 
which can be spaced at intervals suitable for 
dealing with the various row widths of ground 
crops

1 
and the boom is folded and lowered 

automatically by the hydraulic power lift, 
thus facilitating turning on headlan ds. Where 
it may be necesF~ary t o distribute a large cloud 

• 

0 



of dusting powder over a wide area, such a.s in 
rubber plantation or forestry work, a. single 
adjustable fish-tail unit can be employed. A 
petrol engine drives directly by triple-vee belts 
the turbine fan, which is provided with shutter­
controlled air blast to suit all conditions. 

The firm is also showing the " Postmaster,,, 
which is a. smaUer fan-
operated crop duster. 

-
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the" Major " ·grass mower, a machine designer! 
specially for wol'king with the Fordson" Major ' ' 
tractor · a combined side-rake and swath 
turner, 'with adjustable bars; and the "Uni­
versal " crop loader, a machine working on the 
reciprocating crank principle, with a three-bar 
r otating pick-up element at the foot of the chute. 

It can be supplied to 
fit a. tractor hydraulic 
lift, Ol', as the engrav­
ing Fig. 6, shows, there 
is a. market garden 
model on adjustable 
track wheels. The coni ­
cal . powder hopper is 
fitted with a worm drive 
positive feed, and, in the 
market garden model, 
there is a steel tubular 
sectional !boom, lOOin 
wide, which is drilled 
with apertures designed 
to give complete dust­
ing coverage over its 
entire width. A single 
flexible nozzle, adjust­
able in all directions for 
fruit and orchard dust­
ing, can be fitted to both 
the tractor mounted or 
hand-propelled types 
of the machine. A 
J.A.P. air-cooled petrol FIG. 8-f'ARMYARD MANURE SPRKADER-BAMFORD 

engine drives the high- ,. 
duty fan, which, as in 
case of the cc KlingKloud,, is provided with .. the 
shutter-contro11ed air blast to suit different 
cluRting conditions. 

W AltD BnoTBERS 
Among the many types of cultivator and 

hoe to be seen at York is the tractor -drawn 
four-row scuffier , shown by Ward Brothers, 

herburn, Near Malton, Yorks. This imple­
ment, which was a Silver Medal entry, is 
illustrated in Fig. 7 . Its main frame is 
fitted with four independently sprung tool 
bars and the blades, which are made from high 
carbon content steel, are designed to resist 
bending. By compensating springs, the blades 
can be ea~ily lifted or lowered. a feature which 

The firm is also showing a new hammer mill, 
the cast iron body of which has the top half 
hinged to allow adjustment or inspection of 
the working parts. The hammers, of which 
there are twenty-four, are arranged in eight 
rows on a rotor, and are of the swinging type, 
reversible, thus giving four stepped cutting 
edges, two at each end. The mill is provided 
with an adjustable h opper, and a screen of 
large area through which a fan draws the 
ground material and elevates it to the cyclone. 
The normal power required for driving the 
mill is 20 b.h.p. 

A new machine recently produced by Barn­
fords, Ltd. , is the farmyard manure spreader, 
illustrated in Fig. 8. It is a tractor-drawn 

• FIG. 7 - FOUR • ROW SCUFFLER-WARD 

the makers claim eliminates pauses at the 
end of rows. The springing is adjustable from 
practically 0 to 50 lb pressure on each blade, 
and to enable them to penetrA.te exceptionally 
hard ground the blades can be adjusted for 
set. The scu.ffier is equipped with pneumatic­
tyred wheels earned on a telescopic axle to 
provide for varying row widths. 

BA1t!FOB.DS, L TD. 

A variety of implements is to be seen on the 
stand of Bamfords, Ltd., Uttoxeter. It includes 

implement, comprising a large-capacity con­
tainer, evenly balanced on two pneumatio­
tyred wheels, to which there is fitted an endless 
conveyor, which takes its drive from one of the 
road wheels through a star wheel operating a 
lever actuating ratchet mechanism assembled 
on the conveyor driving shaft. An operating 
lever at the front of the machine controls the 
rate of delivery of the manure to the spreading 
mechanism, which consists of three beaters. 
The r otary spreading 4evice at the rear 
of the beaters is designed to break up the 
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manure and assist its even distribution. The 
beaters and the rotary spreading device are 
driven by chain and sprockets from one of the 
road wheels, an cc in and out " gear 
being operated by a lever from the f~ont of 
the machine. The three beaters are disposed 
in triangular formation , with the main beater 
immediately to the rear of the conveyor and 
an auxiliary beater above it, whilst the second 
auxiliary beater is fitted below the main beater 
a.nd therefore is able to deal with any manure 
which may fall from the back edge of the 
hopper. The drawbar at the front of ~he 
machine is provided with a new type of spnng 
folding jack, which springs up automatiCally 
when the machine is drawn off by the tractor. 

(To- be continued) -

Final Report : Railway (London 
Plan) Committee 

As foreshadowed in its report of January 
21. 1946, the Committee, under the chairman­
ship of Professor Sir Charles Inglis, considered 
the recommendations made in the County of 
London Plan as regards the railway terminals 
norlh of the Thames, except those of the 
Southern Railway, and also in respect of freight 
traffic and distribution, and the following sug­
gestions are made: the reconstruction of Fen­
church Street Station " at a more convenient 
level •• (with a view to thf• elimination of the 
approach viaduct) on a site adjacent to the 
" A " Ring Road ; the setting back of Liver­
pool Street Station " partly to clear it of the 
confusion of narrow thoroughfares in the vici. 
nity " by constructing a new main line pas­
senger terminal on the site of Bishopsgate 
Goods Station, where it would be adjacent to 
the cc A,, Ring Road ; the utilisation of the 
present site of Liverpool Street Station for a.n 
underground station for surburban lines ; 
the construction of a low level loop to connect 
the new suburban passenger terminal at 
Liverpool Street with the new station replacing 
the existing one at Fenchurch Street ; the 
improvement of King's Cross ; the combina­
tion of Euston and St. Pancrns, and the enlarge­
ment and bringing forward of Paddington. 
The plan makes no recommendation with 
regard to Marylebone, which it assumes will 
remain as at present, and there is n o ment ion 
of Broad StreE-t. 

Hydro-Electric Plants 
Norway 

• 
1l1 

HYDRO-ELECTRIC current for Kristian-
sand is derived from several important water­
falls on the River Otra, the longest river in 
south-eastern Norway (155 miles). Recently 
two new stations were completed at N ome­
land and Kringsja, about 15 miles north of 
Kristiansa.nd. Plans are now ready for the 
construction of a third power station at 
I velandsfoss, also utilising a waterfall on the 
Otra. The new station will be equipped with 
three turbines with an overall capacity of 
45,000 h.p. High tension current will be trans­
mitted over a distance of 19 miles. When the 
Tvelandsfoss station is completed, the oldest 
station at Krinja will be put out of sorvice. 
At the same time the construction of a new 
hydro electric station will be started, which 
will use the waterfalls between N omeland and 
the Venneslafjord. This station will be 
situated at Steinfoss. about 13 miles from 
Kristiansand and will be equipped with tur­
bines having a total capacity of 50,000 h.p. 
The catchment area of the Otra River is esti­
mated at 1300 square miles. The overall 
water he_ad amounts to 350ft, with an average 
water discharge of 7 500 cusecs. The whole 
scheme will retain about 500.000,000 cubic 
yards of water. After completion of all these 
works the total capacity of the Kristiansand 
power stations will be 125,000 h.p. It may be 
of i~terest to recall that Kristiansand possesses 
an rmportant harbour free of ice. 
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The Works of the David Brown 
Organisation 

No. II-(Oontinued from page 6, JuLy 2nd) 

HARDENING AND WELDING SHOPS 

THE hardening shop is a department of par­
ticular importance in these works, not only 

because a majority of the components has 
to be heat-treated, but also owing to the fact 
that in most cases they have already nnder­
gone expensive machining operations and 

A certain amount of normalising and anneal­
ing of forged components is carried out in 
temperature-controlled electric furnaces. Nor­
maliaing is done in a continuous roller hearth 
furnace, which can~also.be used a.s a continuous 
hardening or a continuous tempering furnace. 

An important phenomenon particularly a.sso-

SWARF RECOVERY PLANT 

any scrap caused in heat treatment would be 
particularly costly. This shop is claimed by 
the firm to be one of the most up to date in 
the country, and much of its equipment has 
been specially developed or adapted for the 
class of work. Electric furnaces are used 
throughout and all operations are carried out 
under very close temperature control to sche­
dules laid down by the laboratory. 

The equipment includes circulating oil baths 
for quenching purposes and vertical forced­
air tempering furnaces working to a suitable 
time/temperature combination to ensure a : 
consistent degree of specified hardness of com­
ponents. A considerable amoun.t of case­
hardening is done and the six pack carburising 
furnaces used for this work are served by a 
charging machine running on rails between 
the two rows of three furnaces. A large 
plating section adjoining the heat treatment 
department is fully engaged on copper plating 
the areas in components which are required 
to be left soft after surface hardening. 

ciated with direct hardening and case-hardening 
relates to changes which occur in the dimensions 
of components during hardening. Even though 
every precaution is taken to ensure that no 

I 

form section, the changes in dimensions can 
often be tolerated, but for such complicated 
shapes as gears it is inevitable that dimensional 
changes must lead to severe distortion if the 
gears are allowed to quench freely. For this 
reason it is common practice to restrict the 
relative movement of gear sections by mecha­
nical means during quenching. For bores 
which tend to close in, special plugs are avail­
able which are inserted in the component 
immediately before quenching. These plugs 
are pressed out after quenching, leaving the 
dimensions of the bore within specified limits. 
Considerable use is made of" Glea8on "quench­
ing machines which, in conjnnction with speci­
ally devised jigs and fixtures, are used for 
preventing distortion. These machines are 
of particular value for such components as 
spiral bevel wheels, which are not usually 
finished by grinding. 

The Welding Department adjoining the 
hardening shop is particularly weU laid out 
In keeping with the remainder of the works, 
it presents a clean, orderly appearance, with 
ample room for fabricating the very large 
gear cases and base plates required for heavy 
gear units. The whole of one side of the shop 
is fitted at intervals with hinged screens 
which normally lie against the wall. These 
screens can be swung out to form welding 
cubicles of any required size, according to 
the size of the work being fabricated. In 
addition to the gas and arc welding equip­
ment a mobile flame-cutting machine and a. 
"Shorter '' flame-hardening machine are in­
stalled. 

SWARF RECOVERY 

As in most up-to-date works, a particular 
feature is made of swarf recovery, which is 
now regarded a8 one of the important factors 
in an economic organisation. The recovery 
plant at Park Works closely adjoins the 
machine shops. A special gang of labourers 
spends its entire time clearing the swarf 
and turnings from the machines. Each type 
of material is kept separate and transported 
in trucks to the recovery section, where it is 
dumped in the appropriate bin. These bins 
are situated on a. floor about 3ft above the 
recovery plant floor and the swarf and turnings 
are shovelled from them into the h opper of a 
centrally disposed chip breaker. The ejection 
chute of the chip breaker is on the lower floor 
level and t he chips falling from it ·are loaded 
into the bowl of a hydro-extractor. When a 
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During recent years a gas carburising pro­
cess has been developed in this department. 
It involves the introduction of a powerful 
carburising gas into a t emperature-controlled 
chamber containing the work. The process 
permits precise control of all carburising con­
ditions to give consistently good results. Its 
use eliminates the dust and dirt involved in 
packing and unloading boxes in the normal 
way with the components and requisite car­
burising mixtures. This process has not 
yet been fully adopted, but its eventual intro­
duction into general production will, it is 
anticipated, prove particularly acceptable. For 
the surface hardening of direct hardening steel 
components :fiame apparatus is being used, 
but we understand that experiments are 
in progress with induction heating apparatus 
for this class of work. 

TOOLROOM OF DAVID BROWN TOOL COMPANY 

internal stresses are present in the components 
before heating, and great attention given to 
even heating, it is inherent in the material 
that dimensions should ohange s lightly. If 
the oomponent is simple in shape and of uni-

bowl is full of chips it is raised by a mono-rail 
block and deposited in the extractor, which is 
then sealed and started up. The oil removed 
in the extract.or is cleaned in a centr ifugal 
purifier and returned to stores for reiS8ue. 



• 
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The cleaned chips ctre deposited in hoppers 
having grating floors from which chutes lead 
down t o an outside roadway set ~;tt a lower level. 
Lorr ies can pull in onto the roadway below the 
chutes. where they are quickly and easily loaded 

• 
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On acceptance at the end of this period the 
apprentices are transferred to the main works 
for training in the various departments. 
At the end of the second t raining period the 
trade apprentices complete their training in a 
selected craft. Engineering apprentices con ­
tinue to work at a trade tmtil a suitable staff 
vacancy arises, or those who obtain a degree 
are t ransferred to the student apprenticeship 
course. The student apprentice course is of 

• 
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the machine is now produced for sa.le and 
several have been supplied recently to France. 

This machine is semi-automatic in operation 
and has three independently con~rolled grind­
ing heads. The three heads make it possible 
to grind the inside and the outside and the 
tops of the tooth profiles sim ultaneously. 
1'he two hea.ds for grinding the sides of the 
cutter teeth are mounted on a rigid box-sec­
t ion bed, a rranged vertically at the rear of 

SPIRAL BEVEL CUTTER GRINDING MACHINE HEAVY MACHINE ASSEMBLY DEPARTMENT 

with the chips without necessity for further 
manhandling. 

APPRENTI CE T RAINING 

The training of apprentices is cons idered 
by the management to be essential in 
an efficient organisation and for t raining 
purposes a special sect ion of the works with 
an independent staff has been allocated. 

two years ' duration and is designed to equip 
men for positions of responsibility within the 
company. 

Throughout their period of training, all 
apprentices are under the direct control of a.n 
executive in charge of t raining, who main­
ta.ins close liaison with the executives in the 
various shops through which t he youths pass. 
A regular check is made of the progress of every 
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apprentice in the works 
and a careful personal 
record is kept through­
out the course. A system 
of awards and incen ­
tives has been instituted 
to promote a spirit of 
competition amongst 
the apprentices and 
encourage progress. 

THE D AVlD BROWN 
TooL CoMPANY 

This company occu­
pies premises which 
were or iginally the tool­
room of the main 
works, and has develop­
ed from the tool manu­
facturing division of the 
parent company. In 
addition to manufactur­
ing high precision hobs 
and cutters for all types 
of gear and worm ­
cutting machines, it also 
produces a wide r ange 
of jigs and fixtures for 
other establishments. 
An important and in­
teresting side of its 
activities is the design 
an~ development of a 
variety of special mach­
ines and instruments 
used in gear manufact­
ure and im;pection. 

CUTTING TEST RING ON 200 -INCH MOVING HEAD 
HOBBING MACHINE 

In addition t o the 
usHal precision machine 
t ools there a re a lso used 
in this works a large 

The t raining section includes a fully-equipped 
machine shop and class rooms. 

Three courses are laid down, a trade appren­
tice cour-se, an engineering apprentice course, 
and a stu<.len t apprentice course. For the 
first two courses the lads spend a probationary 
period of six months in the apprentice work­
shop, during which time they are given prac­
tical training on the various machine tools 
and attend special classes in the lecture room. 

number of specially designed machines, which 
have been developed for the manufacture, 
and, in particular, the relief grinding, of hobs. 
'pecial plant is also installed for the produc­

tion of finishing hobs. 
An interesting machine which was in produc­

tion at the time of our visit was a relief grind­
ing machine for spiral bevel cutters. Originally 
developed to grind the tooth profiles of spiral 
uevel cutLers in the company's own shops, 

the machine. These heads are adjustable for 
position and angle and are provided with 
scales and verniers for setting purposes. Shell­
type grinding spindles in the heads are driven 
t hrough flat belts by independent t h.p. motors . 
A hydraulically operated short traversing 
motion imparted to the spindles during grind· 
ing gives a high degree of finish to the 
cutter teeth. 

The work spindle is mounted vertically in 
the work slide and rotates the cutter body in 
a horizonta l plane. The work spindle is 
mounted in pla.in adjustable bearings and 
its final drive is by mean.~ of case-hardened and 
ground spur gears. A large spindle nose bear­
ing is provided with an integral flan ge of large 
diameter for the reception of the cutter bodies 
or jigs. In operation, as the work spindle rotates 
it is raised by a cam t"o elevate each cutter 
tooth in turn as it passes across the grinding 
wheels. This movement imparts the necessary 
relief angle to each tooth. 

A separate department of the tool-room is 
engaged in the manufacture of the firm's 
improved type of adjustable reamer. This 
reamer has a permanent positive float and being 
self centring can be used with equal facility 
horizontally or vert ically. No gears or spring 
mechanisms are used in its construction, 
movement of the blades being effected by a 
cam working in helical grooves on opposite 
hands. 

D AVID BROWN MACHINE TOOLS , LTD. 
The premises occupied by David Brown Mach ­

ine Tools, Ltd., of Manchester , are an excellent 
example of a carefully p lanned and executed 
modernisation of an old works. When t he 
business of Muir Machine Tools, Ltd., was 
acquired some three years ago, the works 
premises were typical of more than half a 
century ago, and the plant layout was far from 
satisfactory from the viewpoint of modern 
production requirements. Despite the many 
difficulties encountered and the fact that urgent 
p roduction was not t o be interrupted, a com ­
plete reorganisation scheme was planned to 
take effect in a number of individual stages, 
and was put in hand at the beginning of 1945. 
The premises were altered, strengthened and 
rebuilt where necessary, and the whole of t he 
plant and ser vices rearranged to promote 
an easy production flow with full accessibility 
to al l machines. The shops are now light, 
clean and well laid out, nnd the standard 
colour scheme described in our first article has 
been applied to good effect. 

The works chiefly concentrat..es upon a range 
of hobbing machines, and has recent ly embarked 
upon t he production of a range of gear-shaving 
machines. 

' 
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Moving table bobbing machines are made 
in three sizes for producing gears of up to 
15in, 30in and 60in, having face widths up to 
Sin, 12in, and 20in, respectively . The larger 
moving head bobbing machines are made in 
four s izes for maximum diameters of 75in, 
lOOin, 150in, and 200in, with gear-face widths 
of 70in, 70in , 80in, and 90in, respectively. 
Two types of pinion h obbing machines made 
by the firm cut blanks up to 24in and 36in 
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the upright guides, carries a swivel slide, which 
can be rotated by hand or power through 
180 deg. In a main gearbox attached to the 
rear of t he bed of the machine is a ll the gear ­
ing for the table, hob drive and feed screw. 
All the gearing is totally enclosed and remov­
able covers give easy access to pick-off and 
change gears for the hob speed, spiralling, 
dividing, prime and feed. In addition to pick­
off gears, three changes for the hob feed are 

ASSEMBLY OF MOVING TABLE HOBBING MACHINES 

wit h face-widths up to 70in and 90in, respec­
tively. Two pinion shaving machines are 
designed to handle work of a similar size. A 
range of six gear-wheel shaving machines 
covers diameters from 5in to 200in and face­
widths from 2!in to 90in. 

In addition to these products, the works 
are responsible for the production of special 
machine tools designed for the sole use of the 
parent company, including worm gear plant 
and hob production machines. As will be 
seen from the particulars given above, the 
smallest m achines are of the moving table 
type. E ach machine in this range is designed 
for the manufacture of spur and helical gears, 
ot· worm-wheels by incorporation of a tan­
gential feed to the hob slide. 

The moving head machines are built for two 
classes of production, high-speed turbine reduc­
tion gearing, and in similar capacities for general 
gear production up to 3in circular pitch. 
T he design of these large machines, one of which 
can be seen undergoing test s in the photograph 
which we reproduce, is of some interest. They 
have a massive flat bed carrying a solid table 
aL one end and an upright at the other. This 
upr ight is kept in alignment by square guides 
machined in the bed a long which it is movable. 
In order t o avoid extreme overhang of the 
hob slide when cutting small gears, the bed 
and base of the upright are widened so that the 
latter partially encloses the table when set 
over to machine small diameters. 

incorporated. Feed may be stopped, started, 
or changed whilst the machine is running with­
out affecting t he helix angle of the gear being 
cut. a nd wheels of different numbers of t eeth, 
but having the same helix angle, may be cut 
without changing the spiralling gear . Where 
necessary the makers fit a counterbalancing 
mechanism of the weighbridge type on the 
largest of these machines to relieve part of 
the weight' on the table bearing surfaces. 
Alternatively, the practice is to incorporate 
oil pressure relief means in the table mechanism . 
The machines are particularly intended for the 
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table bobbing machines in course of erection. 
The method of production adopted for these 
machines is one of " flow production, ,, whereby 
careful a ttention is given to dividing the 
machines into convenient sub-assemblies , so 
that they can be finally assembled to the main 
casting. E ach component operation is care­
fully inspected to ensure high limits of accuracy. 
After final assembly, each 'machine is care­
fully checked by a series of a lignment checks, 
a nd par ticula r attention is paid to the lubri­
cating system and general standard of finish, 
&c. During final inspection t est cuts of the 
capacity of ea<'h machine are taken. 

In all gear-generating machines the accuracy 
is mainly dependent upon the worm and wheel 
drive to the table and for generating t hese 
gears a master bobbing machine, installed in 
a t emperature-controlled r oom, is used. This 
master machine is many years old and its 
accuracy has been developed by the successive 
manufacture of its own gear wheels during the 
generation of each one of which a degree of 
the error in the previous wheel was eliminated. 
For the production of lead screws a specially 
designed master lathe has been built and laid 
down in a separate room incorporating means 
of automatic temperature control within 
very close limi ts. 

F or the assembly of t he big bobbing machines 
a special vibration free heavy machine founda­
tion has been constructed. The necessity for 
a perfect foundation for these machines will 
be appreciat ed from the fact that each weighs 
in the region of lOO tons, and is des igned to 
support work weighing up to 80 tons on its 
table. When in operation the ar.curacy is 
such that a deviation of 0 · 0005in only in 120in, 
bot h vertically and horizontally, is the maximum 
permissible amount. The n eed for a new 
machine foundation arose when the plant was 
being rearranged and the bearing quality of 
the n ew site was found to be too poor to per­
mit the close accuracy which is essential when 
erecting the larger machines. 

The new machine foundation consis ts of a 
mass concrete bed 36ft 4in long by 12ft 1 Oin 
wide by 7ft deep below the floor level over 
parts of its length and 5ft 6in deep for the 
remainder. I t is covered with 9in thick steel 
bedplates. The foundation has been cast 
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The table is driven by a master worm­
wheel and driving worm, the former having a 
large number of teeth of comparatively fine 
pitch to reduce to a minimum the pitch of the 
undulations caused by wave error. If required, 
a " creep " table may be supplied. This table 
is carried in a cradle b olted to the bed, which 
totally encloses the master wheel, the "creep " 
ring, and driving worm. The master wheel is 
a large diameter internal gear, driven by the 
" t reep " ring, which comprises the spur wheel 
gearing with the master wheel and a worm 
wheel, with its driving worm. The driving 
worm is profile ground and is mounted on 
a eparate bracket attached to the cradle. 
Large flat seatings are provided for the table, 
and the bearing of the centre spigot is a large­
diameter casting, accurately ground to fine 
limits. 

ASSEMBLY OF HEAVY HOBBING MACHINE ON A SPECIAL FOUNDATION 

The upright is a h eavy casting suita bly 
ribbed to withstand heavy loads and to give the 
nece!:lsary rigidity. The hob slide, which is of · 
ample width to ensure smooth movement on 

production of high·speed turbine gears, and 
are built to the latest B .S.I. standards, wh ich 
are believed to be the highest ever set for 
machine tools of this nature. 

PLANT LAYOUT 

The production plant is arranged in a 
series of parallel bays, across the lower 
end of which is a heavy assembly bay 
for the erection of the larger machines. 
The m ain parts and materials issue stores 
are conveniently sit uated in close proximity 
to the first operation and final machine inspec­
tion. 

The lighter machines are built in batches a nd 
one of our illustrations shows a group of moving 

within a pit constructed of reinforced concrete 
with 6in thick walls and with a 9in thick base 
slab, lined internally with aspha lt and com­
pressed cork slab. 

(To be continued) 

L .M.R. DIESEL-ELECTRIC EXPERIMENT.- B y a. 
modification of the fuel injector equipment , the 
engine output of diesel-electric shunting locomo­
tive ·' No. 12045," which has recently bcon built 
at Derby Works, London Midland Rogion, has been 
raised from 350 h .p . to 400 h .p. at 680 r .p .m. The 
object of this experiment is to ascertain whether the 
additional power can be used effectively in shtmt.ing 
operations. 

• 

• 
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COMPLEXES AND COMPLEXITY 

DR. WILLIAM BROWN is an eminent 
psychologist. He knows · all that Freud, 
Adler and Jung have ever written. The 
strange jargon of the science is " household 
words " to him. He writes books about it, 
lectures on it, practises it. We may take 
what he says for gospel ; and what he does 
say in " Oxford Essays," recently published, 
is that when ordinary people talk about the 
inferiority complex they are trifling with a 
serious matter. What they mean is usually 
no more than the innocent fact that they 
themselves, or so-and-so, are conscious of their 
limitations. That is a straightforward feeling 
with no ulterior malign consequences. There 
is no complex about it, for the complex is the 
dreadful things that occur when a simple 
sense of inferiority runs away .with one. 
In fact, to put it neatly, in Dr. Brown's 
own words, the inferiority complex is cc a 
distorted conscious reaction in the mind of 
the individual to a repressed or rejected 
feeling of inferiority." 

It would not matter a brass farthing 
whether we, as engineers, understood or did 
not understand what that meant, were it not 
for the fact that the scientific interpretation 
of human reactions is working its way into 
the new management. Our fathers a.nd our 
forefathers prided themselves on knowing 
human nature, they believed firmly in 
selfwill ; they were convinced that men could 
control their own actions and were respons­
ible for all their acts. Biology and psy­
chology have shaken that simple faith. We 
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are informed that the ductless glands play 
ducks and drakes with our moral standards 
and that many of our mental reactions 
are conditioned by causes-complexes­
over which we have, without specialised 
help, very little control. When, for example, 
we offer inducements to workpeople to 
produce more we often presuppose that 
nothing more is required, that the employees' 
reaction will be just what we expect and 
that production will rise and contentment 
will reign. Often nothing of the kind hap­
pens. The employee indeed takes the induce­
ment but his attitude to his employer remains 
what it was. In working-class circles more 
than in clerical, the real '' inferiority 
complex " has been nurtured by a long 
sequence of agitators and social reformers. 
Few, if any of them, were conscious of the 
scientific nature of the methods they em­
ployed. Nevertheless, they followed a plan 
that might have been prescribed by a psycho­
logist. They began by making the workers 
conscious of inferiority ; they told 
them that they were being exploited; that 
their faces were being ground; that they 
were ill-treated helots. They encouraged 
them to hate those who made them feel 
thus inferior. That is the basis of the detes­
tation of " power." People hate the sense of 
inferiority to any one else. They have been 
taught to regard those in authority over them 
as their enemies. Appeals to them to remem­
ber that the interests of employers and 
employed are one and the same leave them 
cold. They mistrust the best intentions. 
Co-partnership is a device for destroying 
trade unions ; welfare, tending the horse to 
get more work out of him. The new manage­
ment seeks to overcome these old reactions 
to make the appeals effective by bringing 
representatives of the workers into manage­
ment so that they may see for themselves 
that the unity of interest is a real thing . 
Will it break down the fifty-year-old 
inferiority complex ; the hatred directed 
against everything and everybody, quite 
impersonally, that gives them a feeling of 
inferiority ~ 

The inferiority complex is an invention, 
or, rather, discovery of the psychologists. 
They claim their ability to overcome it in 
individuals. They are now entering industry. 
Mr. J . J . Gillespie says, in cc Free Expression 
in Industry," " on the whole, the type of 
person practising industrial psychology has 
been critical of management scientifics and 
on the side of the humanities." Management 
has had to take the world as it found it : 
its methods were conditioned by the era 
in which they were practised. Absolute 
authority and obedience were fixed levels 
up to less than fifty years ago. They are 
gone or going. Reasonableness is to replace 
them; reasonableness directed by industrial 
psychology. Good employers and good 
managers have always practised psychology, 
only they called it knowledge and sympathy 
with human nature. There were lots and 
lots of contented work people in happy works 
under the old name. No one had told 
them they were inferior. They were actually 
proud to have a successful and well-to-do 
employer. The virus of the inferiority 
complex had not entered their systems. 
Progress and changing conditions have 
almost submerged that old spirit. It i~:> hard 
to maintain in vast works with mass produc-
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tion methods. Moreover it is discouraged 
by the leaders of labour; it is held to 
have the odour of feudalism. But it 
had its high qualities. There was some­
thing very human and very humane 
about it. The devotion to a chief, the 
pride in a firm, brought out the best in 
the workers and gave them contentment. 
Fifty years hence we shall know if the 
scientific methods of the new management 
and industrial psychology have been able to 
substitute for it something better still . 

EXPERIENCED ENGINE ERECTORS 

THERE was a time when the success of the 
business of Boulton and Watt depended, in 
a really vital degree, on a single craftsman, 
William Murdock. This man was no scientist 
in the accepted sense of that word. He was a 
mechanic by intuition and an extremely 
clever engine fitter: H e had learned his art 
by practising it and Watt was quick to recog­
nise this point. H e once wrote to Murdock 
agreeing that "it is a great thing to find out 
what will not do, it leads to finding out what 
will do." That is. why, when they were in 
trouble with an engine, Boulton and Watt 
sent for cc William." But to-day there is a 
growing dearth of cc Williams." 

No one is likely to question the need to 
build up a reservoir of men competent to 
erect and overhaul (at sites remote from the 
factory of origin) the products of our heavy 
engineering industry. Engine erection is an 
art which can only be learned by doing, and 
it is a trite observation that erection and 
first adjustments are 80 per cent of the success 
of an installation. The skilled erector is, 
moreover, the finest of trade ambassadors, 
since on his work depends the reputation of 
the manufacturer. But no engine erector 
can be produced from a machine minder. 
The erector must not only possess an original 
flair for the job. H e has also to be specifically 
trained for it and it should surely be part 
of the business of manufacturers to select 
and train these men, realising that they are 
among the assets of their business and as such 
worthy of full consideration and adequate 
remuneration. For there is all the difference 
in the world between a collection of packing 
cases containing an engine and the establish­
ment, from the contents of these cases, 
of a satisfactory installation on a remote site. 
No schedule of instructions, exact as it may 
be, can take the place of the hands and brain 
of the man who supervises the completion of 
the foundation, puts the equipment together, 
makes the first adjustments, cares for the 
installattion auxiliaries and starts the 
job up. I t is practical men that are 
particularly needed and the idea that a 
mriversity student with some months 
of practical training can become fitted for 
the job of setting up heavy machinery is 
just nonsense. An erector must, we repeat, 
be a man definitely trained for the work 
and with some gift for it. There is no other 
way of training such men than by long and 
arduous practical work, and in this connection 
we should always remember that while a 
science is something we learn by knowing, 
an art--such as engine erection-is some­
thing we learn by doing. In our concentra­
tion on technical training are we not in danger 
of forgetting the wise axiom which tells 
us how " The years teach much that the 



July 9, 1948 

days never knew" ~ '!'here is no synthetic 
substitute for experience and one of the 
major aims in all branches of human effort 
is the application, to the utmost extent, of 
its lessons. 

In the early days of the steam engine, 
Watt (a good geometrician) was sorely 
troubled by lack of skilled erectors. A letter 
is extant in which, complaining of difficulties 
with an engine in Cornwall, Watt mentions 
that he attributed the sluggishness of the 
working to " perhaps a board, a bunch 
of oakum, somebody's hat or coat ... left 
in ye cylinder and come into ye nozzle 
(i.e., the steam valve)." Such things­
and much worse happen even now and 
they will always happen when there is no 
skilled supervision of the essential task of 
~recting and putting to work. There are, it 
is true, many manufacturing firms who, 
with an enlightenment which deserves all 
honour and encouragement, pay detailed 
attention to the thorough training of trade 
apprentices. Their number, we believe, 
to judge by several reports of new schemes 
recently put into operation that we have 
received, is growing. There are, however, 
still too few of them. It would be easier to 
build up a reservoir of well-t rained erectors 
if there were a more general and conspicuous 
recognition of the fact that such men are 
valuable, indeed indispensable, and ought to 
be respected as such-to be respected, 
indeed, as Boulton and Watt respected 
Murdock. 

Obituary 
DOUGLAS RUDOLF POBJOY 

AERONAUTICAL engineers will learn with 
regret of the death of Mr. D. R . Pobjoy, 
at the age of fifty-four, which occurred on 
Sunday, July 4th, when in low cloud an 
R.A.F. Transport Command " York " and 
a Swedish " Cloudmaeter " collided over 
Northolt, Middlesex. We regret to have to 
record that there were no survivors among 
the thirty-nine persons aboard the two 
aircraft. 

Mr. Pobjoy was a Bristol man, and he 
was trained as an engineer and gained his 
B.Sc. degree at Bristol University. He 
worked with Basil Straker and served in 
the Royal Field Artillery in the 1914-18 
war. When the design of the "Jupiter" 
aero-engine was taken over from Mr. Straker 
by the Bristol Aeroplane Company, Ltd., 
Mr. Pobjoy joined that firm. He specialised 
in a.ero-engine design and from 1919 for 
four years worked on the development of 
the Bristol aero-engine. In 1924 he joined 
the Armstrong Siddeley Company, Ltd., 
and did similar work in connection with the 
31ircraft engines of that firm. In 1926 he 
produced his own design of engine for smaller 
aircraft, a small geared radial engine, 
which in 1928 was successfully type-tested. 

About 1930 Mr. Pobjoy founded the 
firm of Pobjoy Airmotors, Ltd., and under 
his personal direction some 600 aero-engines 
were produced and put into service, most 
of them being of the 80 h.p. to 100 h .p . type. 
Later that business was taken over by Short 
Brothers, Ltd. 

In 1940 Mr. Pobjoy joined the Gloucester 
firm of Rotol, Ltd., with which he was 
responsible for the design and construction 
of a range of aircraft a11xiJiary engine 
gearboxes, which were :fitted to many air­
craft. He also produced the " Rotol " 
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auxiliary aircraft generating plant, which 
consisted of a compact six-cylinder sleeve­
valve engine, coupled to a generator. Later 
he designed a range of cabin superchargers 
for air conditioning services, which were 
:fitted in transport aircraft. In 1945 he was 
appointed chief engineer of the Auxiliary 
Division of Rotol, Ltd. When, however, 
after the war, Mr. R. H. Coverley, the Con­
troller of Rotol, Ltd., retired and interested 
himself in industrial developments in Gran-

. tham, Mr. Pobjoy also went to Grantham and 
was, we understand, engaged in engineering 
work connected with those developments. 

Early this year he returned to the Bristol 
Aeroplane Company, Ltd., for a few months 
and about three months ago Mr. Pobjoy 
was appointed development engineer with 
Newman Industries, Ltd., of Grantham, in 
connection with that firm's programme of 
agricultural tractor and implement produc­
tion. In 1945 Mr. Pobjoy was made a 
Fellow of the Royal Aeronautical Society. 
Although he was of a retiring nature, Mr 
Pobjoy was a talented designer, who did 
much for the aircraft industry. His death 
at a comparatively early age in one of 
Britain's worst air disasters will be widely 
regretted alike by the :firms he served and 
the many friends he made in the engineering 
industry. 
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Letters to the Editor 
(We do nol hold ourselvu rup~ for tM opifli<>M of 

out· corruponden.U) 

TRAIN SERVICE COMPARISONS : 
HIGH-SPEED STEAM LOCOMOTIVES 
Sm,- Mr. Livesay's proposed 250-ton 

4-6-2 : 2-6-4 " Beyer-Garratt " type express 
locomotive, designed to work 600-ton trains 
between London and Glasgow at an average 
speed of 60 m.p.h. overall, including six inter­
mediate stops, is certainly noteworthy. • But, 
if he will accept a friendly and objective 
criticism, a fair appraisal of his engine, based on 
the particulars he gives, raises serious doubts 
whether it would fulfil his own expectations. 
Why 1 In essence, because its steaming capacity 
would be inadequate. The boiler, and more 
particularly the firebox and grate, are not large 
enough for the exceptional service in view. 
The following table compares his engine and 
train with the pre-war L.M.S. " Coronation 
Scot " train with its " Pacific " type locomotive, 
and the proposed lightweight train with the 
" Atlantic " type locomotive, suggested in my 
letter last week. These figures speak for 
themselves : 

L.M.S. Proposed 
"Ga.rratt .. u Pacifio" 

Proposed 
" Atlantio ' • 

Total weight (loco-
motive and train), 
tons ... . .. 0 0 0 859 0 0 0 450 ... 330 

Tractive effort (at 
start), pounds ... 60,100 0 .. 40,000 ... 23,500• 

Grate area, sq ft . .. 65 ... 50 ... 48 
Grate area, per 100 

tona total weight 7·65 ... 11 · 11 0 .. 14·64 
Grate area, :per 

1000 lb traot1ve 
effort ... .. 0 ••• 1· 08 • •• 1·25 ... 2·04 

• 65 per cent maximum cut-off. 

The " Garratt " has 45 per cent more weight 
to shift, per square foot of grate, than the 
" Pacific." 

A necessarily very approximate assessment 
of the probable power and performance of Mr. 
Livesay'e locomotive may be of some interest. 
It may be observed that although it has 30 
per cent more grate area than the L.M.S. 
"Pacific," apparently it has less than 20 per 
cent more firebox volume ; with two siphons it 
may be less than 15 per cent more, and large 
firebox volume is essential, especially at high 
rates of firing, for high-power output dependent 
initially on efficient combustion (which, :iuci-

;37 

dentally, never proceeds to any appreciable 
distance along the tubes). Allowing for the 
use of .a mechanical stoker, and utilising the 
steam expansively, the maximum power output 
of Mr. Livesay's engine may be assessed, fairly 
optimistically, at 3500 i.h.p. This should be 
available between 50 and 60 m.p.h., with some 
diminution at higher speeds ; at 90 m.p.h., 
the maximum speed contemplated, it might be 
below 3000 i.h.p. The total r esistance of the 
locomotive and train, on straight and level 
track in still air, probably would exceed 9000 lb 
at 50 m .p .h., and 16,000 lb at 90 m.p.h. When 
climbing adverse gradients, under otherwise 
favourable conditions, it should be able t o 
maintain 50 m.p.h. up 1 in 110, 60 m .p .h. up 
1 in 180, 70 m.p.h. up 1 in 360, and 80 m.p.h. 
up 1 in 1500, or thereabouts. At 90 m .p.h. 
the total resistance exceeds the tractive force 
available, so this contemplated maximum 
speed would be attainable only on falling 
gradients. To sum up the foregoing briefly, 
in terms of a regular service from London to 
Glasgow, it seems most likely that it would 
(1) seldom attain 90 m.p.h. ; (2) seldom attain 
80 m.p.h. on the level; (3) fall below 40 m.p.h. 
on Shap and Beattock; (4) take nearer eight 
than seven hours, overall, averaging nearer 50 
than 60 m .p.n . To satisfy the specified require­
ments something larger or more powerful would 
be necessary. 

London, June 28th. 

R. OPIE, B.Sc., 
M.I .C.E., M.I.Mech.E . 

Sm,-The correspondence in your columns 
concerning train services between L ondon and 
Glasgow must have come as a forcible reminder 
to many of the lethargy of present-day timings 
over this r oute. While I am not in a position 
to criticise, it does seem very strange that 
whereas the Eastern Region "Flying Scots­
man" can make the London-Edinburgh run in 
7 hours 50 minutes, the " Royal Scot " crack 
express of the West Coast route, takes exactly 
one hour longer ; even allowing for four extra 
stops and heavier gradients in the north, the 
difference seems excessive. 

If it is not possible to improve on the present 
timings of the "Scot," the question arises, is it 
possible to improve upon 8 hours 50 minutes for 
the 400!-miles at present ? 

From my own experience as a recorder of 
locomotive performance, I should say that a 
" Duchess," with eight or nine cars, 270-300 
tons, could quite easily make the run in 7 t hours, 
even nowadays. Assuming a departure from 
Euston at 1 p.m., this would niean an arrival in 
Glasgow at 8.30 p.m.-a vast improvement on 
the present leisurely midday caravan for the 
north. 

On one run, in April, 1947, I timed such a 
train to run from Carlisle to Beattock summit in 
fifty-three minutes, whereby sixteen minutes of 
lost time were regained and more also. With 
such a reserve of power, a train of this descdp­
tion should overcome all but the worst slacks, 
and provide a service which, apart from being 
more in keeping with the "Scotsman," "Cor­
nish Riviera Express,'' and "Bournemouth 
Belle," would be popular, and an answer to a 
long-felt need. 

W. J. ALcocx. 
Royal Naval Engineering College, Plymouth, 

July 4, 1948. 

PRODUCTION PER :MAN HOUR 

Sm,-I suggest that Mr. Oliver Lyle's 
example is too particular to have general 
application, although I have no doubt there 
are many others like it. 

I only gave a very brief outline of Ord's 
book, and I can only repeat my viow that it 

• 
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seelllil to contain n great deal of sound common 
sense, which we shall neglect at our peri I. 
Automt1.tic processes tt ing a minimum _of pro­
ducers certainly have their uses, and so have 
costs ; but I fear they are not the whole story. 

H. G. P . T AYLOit 

'horeham-by-Sea, July 5, 1948. 

Literature 
SHORT NOTICES 

Sub-Station Practice. By rr. H. Carr, 
A.M.I.C.E., M.I.Mech.E., M.I.E.E . London : 
Chapman and Hall, Ltd., 37, Essex Street, 
W.C.2. Price 32s. net.- A worthy companion 
to the author 's " Electric Power Stations," 
the book at present under review gives a corn­
prehensive account of the theory and practice 
of sub -station design, construction and opera­
tion. Although particular aspects of this subject 
are dealt with exhaustively in published litera­
ture on switchgear, transformers and converting 

·plant, there is room for a book such as this 
which correlates, and adds to, existing know­
ledge in this important branch of power supply 
engineering. The early chapters of the book 
are concerned with general principles governing 
the choice of sites and the classes of sub-station 
commonly used to meet various requirements. 
Plant lay-out in the sub-station and t he 
constructional work involved in buildings and 
supporting structures are discussed in separate 
chapters. The book continues with a more 
detailed consideration of the electrical equip­
ment; switchgear, t ransformers, reactors, regu­
lators and converting plant are dealt with in 
turn, ~nd a separate chapter is devoted to the 
important subject of electrical protective 
systems. The remainder of the text forms a 
detailed study of the technical and adminis­
trative aspects of sub-station control and 
organisation, including such matters as short 
circuit calculations, plant economics, parallel 
operation, system control, supervisory control 
equipment and safety regulations. A biblio­
graphical list at the end of each chapter 
enhances the worth of this useful reference book. 

Metal Spraying and Sprayed M etal. Third 
edition. By W. E. Bullard, F.R.I.C., F .I.M. 
London : Char1es Griffin and Co., Ltd., 42, 
Drury Lane, W .C.2. Price 32s. net.- The 
third edition of this book brings to the notice 
of the many users of metal-spraying equipment 
the latest developments and improvements 
in connection with the practical application 
of the process. Not only has the author 
succeeded in retaining the interesting scientific 
background of the subject, so well presented 
in the earlier editions, but he has added con­
siderably to the valuable practical information 
to bring the book fully up to date. In order to 
keep the book within reasonable compass a 
certain amount of the information in the now 
well-known historical · development of metal 
spraying has been deleted. The various pro­
cesses with the different types of pistols and 
equipment used are described in lucid detail 
in the early chapters of the book. Other 
sections deal with spraying plant installation, 
special processes, the nature of sprayed metal 
and the properties of metal-sprayed surfaces. 
Interesting and informative comparisons are 
given of metal spraying with other methods of 
protection and deposition. The book is well 
illustrated, and each chapter concludes with a 
list of references which will be useful to the 
reader requiring further detail on cer tain points. 

BOOKS RECEIVED 
Vertical B oiler Defects wnd Repati1·s. By Sydney 

D . Scorer. London : John D. Troup, Ltd., 90, 
High Holborn, W.C. l. Price 5s. 6d. 

Form T oo la. By William F. Walker. London : 
Hutchinson's Scientific and Technical Publications, 
47, Princes Gate, S.W.7. P rice 25s. 

Steel Files. By Eric N. Simons. London: Si1· 
Isaac Pitmo.n and Sons, Ltd., Pitman House, Parker 
Street, Kingsway, W .C.2. Price l 5s. 

Gea;r T rains. By H. E. Merritt. London : Sir 
Isaa.c Pitman and Sons, L td ., Pitman House, Parker 
Street, Kingsway, 'VV.C.2. Price 30s. 
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Owen Falls Hydro-Electric Scheme 

ON the instructions of the Under Secretary 
of State, Colonial Office, received in the 

middle of 1947, t he two firms of consulting 
engineers, Sir Alexander Gibb and Partners 
and Messrs. K ennedy and Donkin , have 
jointly prepared a project report on the 
development of hydro-electric power at the 
Owen Falls si te, near Jinja, on t he Victoria 
N ile, East Mrica. I t envisages the construc­
t ion of a dam and power station with hydro­
electric plant of an installed capacity of 
121,500kW. 

Lake Victoria, around the shores of which 
are the three territories of Uganda, K enya 
and Tanganyika, is a vast inland lake in 
East Mrica , having an area of some 26,000 
square miles (approx-

t ity of water flowing in that river , and in 
the time of vear at which it flows. This is ., 
particularly so in the case of Egypt and the 
Sudan because t here is a great deficiency of 
rainfall in those cOlmtrics and the agricul­
tural econ omy is therefore largely based upon 
using the waters of the Nile for irrigation. 

There are various possible sites on the 
Victoria Nile, in addit.ion to that at Owen 
F alls, which are suitable for the construction 
of h vdro-electric st ations. In order to 

"' make it possible to install at each of these 
stations in the future t he maximum capacity 
of generating plant, it would be necessary 
to smooth out t he n ormal fluctuations in 
the discharge in the Victoria Nile. As t his .., 

0 20 40 60 80 

Miles 

imat ely the same size 
as Eire) . Water dis­
charged from the lake 
passes dov.rn the Vic­
toria Nile through 
Lake K yoga to Lake 
Albert, on the borders 
of Uganda and the 
Belgian Congo. Be­
tween the two lakes 
there is a difference 
of level of about 
1700ft in the com­
paratively short dis­
tance of 260 miles. 
At Lake Albert the 
Victoria Nile joins 
with the water flo-wing 
from the catchment of 
that lake and flowing 
through the Sudan as 
the White Nile joins 
up with the Blue Nile 
at Khartoum, even­
tually reaching the 
Mediterranean Sea 
near Alexandria. It is 
of interest to note that 
the difference of level 
over the approximate 

LAKE VICTORIA AND SURROUNDING AREA 

3000 miles stretch between Lak e Albert and 
the Mediterranean is only a little more than 
that bet ween Lakes Victoria and Albert. 
Lake Victoria therefore offers a quite 
exceptional opportunity for securing complete 
control of the headwaters of the Nile and 
provides a simple solution to t he provision 
of adequate storage, which is often the 
greatest obstacle to the efficient use of the 
power resources of a river system. 

The report contains a very detailed study 
of all available statistical records relating 
to lake and river levels and rainfall, and the 
conclusion is drawn that over t he con8icler­
able period during which records have been 
kept, the average long term discharge in 
t he Victoria Nile amounts to 22,300 cubic 
feet per second, or about nine t imes the 
average discharge of the R iver Thames at 
Teddington . It may be of interest to note 
that if the whole of the difference of level 
between Lakes Victoria and Albert could 
be deve1oped for hydro-electric purposes, 
the amount of power which could be 
made available annually would be about 
22,000,000,000k'"Th, a quantity of electrical 
energy which would have been suffi cient 
to meet the total electricity requirements 
of the United Kingdom in the year 1937. 

RIVER FLOW THROUGH EGYPT AND SUDAN 

As is natural, the countries through which 
any river passes are interested in the quan-

' 
may not be convenient to the irrigation 
programmes of E gypt and the Sudan, t he 
question is n ow being discussed between 
representatives of the Governments· con­
cerned in order to establish a basis of regu­
lation which will not only permit the maxi­
mum use of the water flowing in the Victoria 
Nile for hydro-electric purposes, but will 
also provide additional storage in Lake 
Victoria for use when required by Egypt 
and the Sudan. 

The capacity of plant to be installed in t he 
station at Owen F alls will thus depen d on 
the outcome of the discussions at present 
taking place in E gypt, and upon other 
factors on which no comment is necessary 
here. The report recommends that the 
station should be so designed as ultimately 
to be capable of housing not le~s than 
eight water turbine-driven alternators, 
rated at 15,000kW each, and it is proposed 
t hat three of these units should be installed 
as the initial development. 

O wEN FALLS W o RKS 

The proposed hydro-electric station at 
Owen Falls would involve the construct.ion 
of a dam closing the eastern channel, and 
a second dam incorporating the power 
station closing the "'lvestern channel. The 
former is a mass con crete gravity structure 
a~)Out 650ft . in length and 66ft in height, 
p1erced by s1x culverts controlled by sluice 

• 
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gates, which would permit the release of 
water from Lake Victoria in addition to 
that utilised by the hydro-electric station. 
The dam incorporating the turbine intakes 
and the power station is about 590ft long 
and of similar height, and is also constructed 

in mass concrete. An accompanying illus­
tration gives an impression of the completed 
works and another illustration gives sec­
tional views through the dam and power 
station. The power station building pro­
posed is of modern design, complete with 

-
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1!5,000-kW units and all those features 
which are necessary to facilitate the fUture 
increase in the number of units to a minimum 
total of eight, is estimated at £4,160,000, 
the estimated cost of the completed project, 
with eight 15,000-kW units being £7,120,000. 

IMPRESSION OF OWEN FALLS PROJECT 

If the electrical demand in the Protec­
torate enabled the whole of the regulated 
flow in the Victoria Nile to be utilised for 
power purposes at --a continuously steady 
rate, that is to say, if the annual load factor 
of electrical supply approached l 00 per 

• 

per kWh at 70 per cent annual load factor, 
and 2 · 92 cents per kWh at 50 per cent 
annual load factor (l OO cents= l s.). It 
wili thus be seen that even in the early 
stages of development power can be made 
available at an exceptionally low cost. 

The report recommends that provision 
should be made for possible future trans­
mission of power at very high voltages, as 
it is felt that due to the low cost at which 
electrical energy can be made available at 
Owen Falls, as compared \Vith any other 
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control room, offices, workshops and stores. 
The head of water available for power pur­
poses is approximately 60ft, and it is pro­
posed that turbines of the Kaplan type 
should be utilised. 

I t is proposed that power should be ~ener­
ated at 1 1,000V, this voltage boing stepped 
up to higher Yoltages for transmission to 
other part of the Protectorate. The cost 
of the initial development, including three 

cent, the cost of energy at the station when 
developed to t.he minimum suggested ulti­
mate capacity of eight units would be 
0 · 841 cents per k Wh. At the correspon­
dingly lower annual load factor of 70 per 
cent the cost would be 1· 203 cents per kWh. 
During the initial stage of development, 
with three units installed , the cost of energy 
is estimated at l · 71 cents per kWh at 
100 per cent annual load factor, 2 · 45 cents 

source of power in East Africa, the demand 
may be both widespread and far-flung. 

The increase in the river level between 
Lake Victoria and the Owen Falls dam '"ill 
submerge the existing road bridge at Jinja, 
and it is proposed to replace thic; by a public 
road, which will be carried on the sluice dam 
at Owen Falls and will cross the west channel 
by means of a bridge upstream of the tur­
bine intakes. Rail sidings are provided 
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to a point on the western embankment of 
the river adjacent to the power station, 
from which access to the power station build­
ing wiJl be obtained by means of a roadway. 

The report states that the proposals made 
in it will not hinder the provision of naviga­
tional locking facilities at Owen Falls should 
these be required to cater for through navi­
gation between Lakes Victoria and Albert 
in the future. The possibility of providing 
a fish-pass has been studied but is con­
sidered unnecessary. 

Acknowledgment is made in the report of 
the earlier studies which have been made on 
the same subject, notably a report dated 
June, 1935, by Messrs. Preece, Cardew and 
Rider , and Messrs. Coode Wilson, Mitchell 
and Vaughan-Lee, entitled " H ydro-Electric 
Investigations of the Victoria Nile," and 
the Uganda Electricity Survey, 1947, by 
Mr. C. R . Westlake, M . .LE.E ., now Chairman 
of t he Uganda Electricity Board. The 
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report underlines that the proposa~ made 
in it differ substantially from those m both 
those earlier reports, in that the capacity 
of installed plant which is now suggested 
has been con.CJiderably increased. A direct 
comparison between the estimates of expen ­
diture made in the various reports is, there­
fore, impossible. 

In summing up, ~t is evident that the 
development of the Owen Falls scheme, 
both in the initial and ultimate stages, will 
make available firm electrical energy at a 
cost which , in many other schemes, is 
associated with the production of off-peak 
energy. It is felt that the Owen Falls 
scheme offers an 1mrivalled opportunity for 
raising the standard of living by attracting 
new industries to the Protectorate, and by 
making a domestic supply of electricity 
available at a price which a much greater 
proportion of the population can afford t o 
pay than is the case at present. 

• 

Infra-Red Gas f\.nalysers 

THERE is no novel principle involved in the 
estimation of gas concentrations by spectro­

scopic analysis, which is based on the well­
known fact t hat many of the common gases 
have distinctive absorption bands in the infra­
red spectrum. This method of analysis is, 
however, limited in its application , since the 
apparatus required for spectroscopic examina­
tion is t oo expensive and delicate for general 
use outside scientific laboratories. On the 
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FIG. 1- DIAGRAM OF INFRA- RED GAS ANALYSER 

other hand, the method enjoys a number of 
important advant ages over chemical and other 
possible methods ; the identification of any 
particular gas in a mixture can be positively 
obtained and, under favoW'able conditions, 
very small traces of the gas can be measW'ed 
accW'ately . 

In view of these advantages, it is not SW'­
prising that considerable attention came to be 
given to the possibilities of applying the prin­
ciples of infra -red absorption t o a commercial 
method of measW'ing gas concentrations. Just 
before the late war a practical method was 
evolved by K. Luft and E. Lehrer, in Germany. 
In effect this method was based on a. neat device 
fvr measW'ing the pressure change caused by 
the temperatW'e r ise associated with the 
absorption of radiation by a specimen of the 
gas under test. This principl~, w~icb is briefly 
described below, was embodied m apparatus 

known as U.R.A.S. (ultra-rot-absorption -
Schrieber }, and was used extensively in Germany 
during the war for process control in the petro­
leum and chemical industries. 

Since the war apparatus, based on the same 
principle, has been developed in this country 
(due largely to the efforts of Mr. C. W. Grove­
White, of the Royal Aircraft E stablishment, 
Farnborough}, and commercial analysers are 
being manufactured independently by the 
Infra-Red Development Company, Ltd., Wel­
wyn Garden City, and also by Sir H oward 
Grubb Parsons and Co., Newcastle-upon­
Tyne. Although the equipment and the tech­
nique used are probably quite well known in 
certain branches of the chemical industry, it 
is doubtful if they are equally familiar to engi­
neers. The purpose of this article, therefore, 
is to give a brief outline of the principle and 
construction of infra-red gas analysers, with 
some indication of their usefulness. 

PRINCIPLE OF OPERATI ON 
• 

Luft's apparatus was simple and ingenious. 
Infra-red radiation from a suitable source was 
passed through a tube containing the gas 
sample and then impinged on a detecting tube 
completely filJed with the particular gas to be 
detected. The temperatW'e r ise in the detecting 
tube was a function of the radiation absorbed 
in it, and this, in turn, depended on the amount 
of radiation absorbed in the first t ube. An 
increase in the radiation absorbed in the sample 
tube involved a _coiTesponding decrease in the 
absorption, t emperature rise and therefore the 
pressW'e in the detecting tube. The resulting 
pressW'e changes in the detecting tube were 
converted into electrical changes by a con­
denser membrane, amplified electrically, and 
then measured as a change in cuiTent. 

RefeiTing to the modern instruments described 
below, the method of measurement is indicated 
in principle in the accompanying diagram 
(Fig. 1). There are two analysis tubes (A and 
B), through one of which is passed the gas 
mixture to be analysed, while the other t ube, 
filled with dry air, is used as a reference of 
absorption. The radiation from two separate 
heater filaments, supplied from the same source, 
is passed through the tubes, and the energy 
of all wavelengths transmitted through the 
tubes impinges on a pair of measuring chambers 
(C and D). Each of these chambers conta ins a 
pW'e dry sample of the gas to be measured. 
The chambers are connected to a diaphragm 
assembly and the common wall is a very thin 
diaphragm forming one plate of a polarised 
electrical condenser . 

Any difference in the value of the radiation 
falling on the chambers C and D due to the 
extinction of some part of t he spectrum in 
the absorption tubes causes a temperature 
difference, which, in turn, produces a pressure 
difference on the oppositefaces of the diaphragm.. 
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Since the gas samples are heat~d only by . t~e 
energy within their own aJ:>sorptJ?n band~, 1t 18 

only the extinction of this par t1cular l?art of 
the spectrum that is measure~. But this v~ry 
part of the spectrum is also the absorpt1on 
band of the gas being measured, so tha:t the 
resolving power of the device for the particular 
gas molecule is complete. 

To allow amplification of the volta~e from 
the diaphragm condenser, and to av01d zero 
shift, the whole effect is observed as an alter­
nating process by interrupting the output 

• 

FIG. 2-GAS ANALYSER-IN FRA- RED 
DEVELOPMENT CO. 

from the radiator elements, using a rotating 
vane. The "chopped'' voltage thus generated 
across the diaphragm condenser is passed to a 
valve amplifier, rectified, and indicated on a. 
suitable meter or recording chart. 

INDICATING INSTRUMENTS 

A t ypical instrument of this kind is shown in 
F ig. 2. I t is made by the Infra-Red Develop­
ment Company, Ltd., and is specially suitable 
for detecting and measuring carbon monoxide 
present in a mixture of other gases. The equip­
ment is housed in two enamelled cases, each 
measuring about 19in by 12!in by Sin, and is 
operated from 200V- 250V, 50 cjs, a.c. mains. 
The upper case houses the heater filaments, 
motor -driven chopper disc, analysis tubes, 
measuring chambers, and diaphragm assembly . 
In trus particular instrument the filaments 
dissipate about 7W each, and the analysis 
t ubes are 12in long. Evidently the length 
of the tube is governed by the range of gas 
concentration for which the instrument is 
required; long tubes imply high sensitivity. 
The chopper disc is rotated at about 200 r.p.m., 
giving a fundamental frequency of about 
6! c/s to the osci1lation of the diaphragm. 

The amplifier and power unit with the 
necessary controls is housed in the lower 
case and mounted on the door is the indicating 
meter, which has a scale-length of about 5in. 
An analyser of this kind can, it is claimed, be 
made t o have a full-scale sensitivity for less 
t han one part in 1000 of carbon monoxide in 
the gas mixture. 

Another form of analyser, which works on 
the same principle, is the two-box model (Fiig. 4) 
made by Sir Howard Grubb Parsons and Co., 
Lt d., and exhibited at the recent Physical 
Society's exhibition in London. This equipment 
is a compact version of the original three-box 
instrument, made by the same compa.uy ; 
it u.ses short absorption tubes and has about 

• 
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one.third the sensitivity of its predecessor. 
Above the absorption tubes in the upper box 
is the power unit, mounted on a removable 
chassis. The indicating meter is flush-mounted 
in the cover of the upper box. The amplifier, 
with its controls, is housed below the diaphragm 

, 
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bands in the infra-red region of the spectrum. 
The method has few inherent limitations. For 
e~ample, certain gases such as hydrogen, oxygen, 
rutrogen, argon, and the other rare gases have 
no infra-red absorption, and cannot there· 
fore be detected by the analysers described. 

Of these gases, how. 
ever, oxygen can be esti. 
mated indirectly by 
converting it into C02 
and making a det.er· 
mination of the latter. 
Another possible diffi. 
culty is that the analyser 
will fail to discriminate 
between any gases 
wruch have overlapp­
ing absorption bands. 
Any confusion can, 
however, be a voided by 
introducing, in the paths 
of the two radiations, 
filter tubes containing 
the unwanted gas or 
gases to absorb the in­
terfering radiation 
bands. 
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gestivo rather than exhaustive. Engineers are 
likely to be interested in the possibilities of 
using infra-red analysis of the flue gases for 
combustion control in furnaces and boilers. 
For this class of work determina.tions can be 
made rapidly and accurately. The method has 
special advantages when used for analysing 
exhaust gases from gas turbines ; in these 
measurements high sensitivity is essential 
because the large quantity of diluting air 
passing through the turbine considerably 
reduces the concentration of any gases repre­
senting the result of incomplete combustion. 

RECENT DEVELOPMENTS 

The recording analyser shown in Fig. 3 is 
typical of one of the trends in instruments now 
being manufactured for various gases and 
ranges by the Infra-Red Development Company, 
Ltd. Six similar recorders, for example, are 
being made for the determination of up to 
0 · 05 per cent carbon monoxide in flue gases. 

In these instruments a conventional form of 
electro-mechanical servo mechanism links the 
analyser and the pen recorder. 

FIG. 3-RECORDING ANALYSER-INFRA-RED DEVELOPMENT CO. 

Apart from these 
fundamental limita­
tions, the apparatus 
typified in Figs. 2 and 4 
is capable of very wide 
application. For ex­
ample, some models 

The pen is driven by a. reversible inching 
motor, which responds to a system of relays 
actuated by the current from the amplifier. 
The restoring agency for this servo control 
system is a vane, which is attached to the pen 
and which is arranged to cut off more or less 
of the radiation reaching the gas sample analysis 
tube (A orB, Fig. 1), according to the direction 
of movement of the pen. The maximum speed 
of response is stated to be such t hat the pen 
travels across the chart in forty -five ~econds. 

unit and detector tubes in the lower box, 
as illustrated in Fig. 4. 

This instrument is stated by the makers 
to be suitable for concentrations of eo. (full­
scale for 1 per cent or more) ; CO (full-scale for 
0· 5 per cent or more); CH4 (full-scale for 0· 3 
per cent or more), and for many other gases in 
complex mixtures. A calibrated scale can be 
provided to suit the particular gas and concen. 
tration range required. Where high concen­
trations are to be measured very small absorp-

FIG. 4 - GAS ANA L Y SER- HOWARD GRUBB 
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tion cells (down to 1 c.c. capacity) can be used, 
so that rapid changes in concentration can be 
detected and measured. 

Calibration is simple ; a. single sensitivity 
control knob in the lower box is adjusted until 
the correct reading is obt·a.ined to correspond 
with a known concentration. A periodical 
check of the complete apparatus can therefore 
be made easily: 

APPLICATIONS 

As described above, infra-red gas analysers 
can be used .to measure the concentration of 
any gas which has characteristic absorption 

of the gas analyser made by the Infra­
Red Development Company, Ltd., are list.ed 
Gas Ranges, Possible applications 

CO 
per cent 

Toxic limits in atmosphere 0-- 0·05 •• • 
0- 0·05 Exhaust fumes from gas 

appliances, I.C. engines, 
&c. 

0-- 0·25 
0-- 0 ·2 
0-- 1·0 Boiler control 

eo .. - • • • 0-- 0·03 Biological researoh 
0-- 0 ·2 
0-- 1·0 .. . Ventilation engineering 
0- 1·0 
0- 10·0 ... Exhaust fumes from bur-

• ners, &c. 
0-- 20·0 ... Boiler and furnace control 

CH 1 .. . 0-- 1· 0 Explosion hazard 
0-- 5·0 

CsHs ... 0-- 20·0 Coke oven gas analysis 
C2H4 .. . 0- 5·0 

o- 30·0 Ethylene preparation ... 
80-100·0 ... Ethylene purification 

HCN . .. 0- 0·05 ... Toxic limits in atmosphere 

in the accompanying table, with an indication 
of the possible applications. This list is sug · 

We are informed that the Infra-Red Develop­
ment Company is making a number of direct 
reading analysers for measuring heavy concen­
t rations of CO and C02 in steel furnaces. The 
instruments, made to the customers' own re­
quirements, will be suitable for industrial, as 
distinct from laboratory use, and each unit 
will be housed in a single dustproof case. 

Extension of the U.Se of these analysers to 
gases and vapours other than those referred to 
in the table above involves practical difficulties 
rather than fundamental objections. The 
Infra-Red Development Company, Ltd., for 
example, is at present working on the deter­
mination of sulphur compounds. 

Another interesting idea, which is, perhaps, 
indicative of future trencis, is to make a modi­
fied form of gas analyser suitable for liquids, 
and a recent article in The Heaton J ournal 
suggests that the design of such an instrument 
is a feasible proposition. 

Mercury Arc Rectifiers at Sydney 
Technical College 

THE design of apparatus built specially for 
the instruction of engineering students offers 

rare scope for vax:iations from standard prac­
tice, and the mercury arc rectifier plant recently 
installed in the Granville Technical College, 
Sydney, is no exception. This equipment, which 
was supplied by the General E lectric Company, 
Ltd., Magnet House, Kingsway, London, W.C.2, 
was specifically designed for service under the 
various operating conditions associated with 
experimental work in an engineering college 
laboratory. 

In addition to its normal function as a. grid­
controlled rectifier, the equipment can be 
operated without grid control, and can also 
be used as an inverter up to full load capacity. 
The grid-control gear, which starts up auto­
matically from the main "start" push-button, 
provides full control of output voltage down 
to zero, the adjustment being made through a. 
phase-shifting transformer actuated by a. 
bandwheel on the control panel. To allow 
voltage and current measurements to be made 
and recorded, all important connections are 
readily accessible, and the control panels are 
fitted with links so that the auxiliary apparatus 
may be disconnected when not required. 

The installation, which is designed to operate 

• 

in an ambient temperature of 104 deg. Fah. 
from a 415V, 3-phase. 50 cycle supply, has a 
ful l load output of lOOkW at 240V d .c., and 
comprises a. main transformer, d.c. and a.c. 
switchboard, and a sheet steel cubicle which 
houses the rectifier cylinder and the associated 
contr ol gear as illustrated overleaf. The 
cubicle is mounted on 6in castors so that it 
can readily be moved for ease of demonstration. 
, pecial care has been taken to provide a neat, 
ac-cessible layout. 

The main transformer is of the standard 
G.E.C. oil-cooled indoor design, with primary 
windings arranged for star or delta connection, 
tappings being provided at ± 5 per cent of 
normal by links at oil level. The anode cir­
cuits of the rectifier are fed from a six-phase 
secondary winding, which is normally used in 
conjunction with a. separate interphase trans­
former mounted in the main tank, but links 
are provided to enable the interphase trans­
former to be disconnected and the secondary 
winding to be used in diametric connection. 

Control of the equipment is centred at an 
a.c. switchboard, which is equipped with a 
push-button-operated 300A triple pole con­
tactor and a. d.c. board with a. 500A hand­
operated line contact circuit-breaker incorpora.t-
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ing a no-volt release, overload trip, and time 
lags. Links are also provided on the d.c. 
switchboard to allow the p olarity of the im­
pressed d.c. to be reversed during invertecl 
operation, and protection against voltage rise 
on light load is given by a loading resistance, 
which is used when the interphase transformer 

. is in circuit. 

' 

The rectifier itself is a steel-tank, air-cooled, 
pumpless unit, incorporating the " Victric ,, 
eal developed by the G.E.C., and is fitted with 

s ix side-arm anodes and control grids, together 
with auxiliary anodes and ignition apparatus. 

' 

RECTIFIER CUBICLE 

Cooling JS provided by a propeller fan m ounted 
below the rectifier cylinder and the anode 
circuits are protected by high rupturing capa­
city fuses of the high-speed type and adjustable 
gap surge arresters . 

An interesting feature of the equipment is 
the grid control gear, which provides complete 
control of output voltage and also allows the 
rectifier to be used as an inverter. The oscillo­
gram reproduced herewith shows the anode­
to-cathode voltage waveform during inverted 
operation under the following con ditions : 
p rimary-star, 720V ; secondary, 2 X 3 ·phase 
with interphase transformer , d.c. choke in. 
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d .c. voltage 285, d.c. current 416A. Voltage 
regulation is effect ed by varying the phase 
relationship between the control grid voltage 
and the main anode voltage, thus controlling 
the instantaneous value of voltage at which 
the main anode commen ces to conduct. This 
adjustment is made by a phase shifting t rans­
former, which feeds the primary of a special 
six-phase peaking transformer, the secondary 
of t he peaking t ransformer being conn ected t o 
the cont.rol grids of the rectifier through 1000-

T HE E N GI NE ER 

ohm current limiting resis tors. ~egative bias 
is provided by a three-phase bridge-connected 
metal ~xide rectifier fed from a bias t ran. · · 
former, the positive pole of the metal oxide 
rectifier being connected to the cathode of the 
mercury arc rectifier and t he negative pole t.o 

Cable 

RECENT extensions of the surface lines of 
London Transport are on or adjoining: exist­

ing lines which have previously been worked by 
steam. On these extensions the supply of 
electric power and the signalling for close 
headway working necessitate the provision 
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the neutral of the peaking transformer secondary 
winding. The bias th~ applied to the cont_rol 
QTids prevents each mam anode from carrymg 
~urrent until the peaking transformer secon­
dary voltage reaches a positiv~ va~ue, which 
is greatAr than that of the negattve b1as supply . 

Bridget; 
In general, proper clearances from the rail 

tracks must be maintained ; the structure 
of the bridge must be adequately s tiff and simple 
to erect and t o mainta in ; the cables must 
be protected from damage by blast from the 
smoke stacks of engines on goods or works 

BRIDGE FOR L .T , AND SIGNAL CABLES - AT FAIRLOP 

of numerous nms of electric cables, which 
frequently have to cross the t racks, particu­
larly at junctions, in depots, a nd at station 
goods yards. F rom considerations of accessi­
bility for maintenance, such crossings are 
generally made overhead in preference to 
l.mderground and, in consequence, bridges are 
required. 

Since the · war eighteen additional cable 
bridges have been required and the design of 
these structures involves interesting problems, 
some of which are briefly t ouched upon in 
this article. 

In normal r uns the cables are hung from 
brackets on posts on one or both sides of the 
line. These posts are 4ft apart and the larger 
cables span the gap between the p ost s. The 
smaller cables require support at 2ft centres, 
and this is obtained by using an intermediate 
bracket, designed t o hang on the compressed 
a ir supply main, which is a 1 !in diameter 
galvanised pipe and always occupies the top 
way of the post b rackets . Signal cables, 
which are tin diameter, are la id together up 
to a maximum of twenty-one in one way. 
Larger cables for traction current, 2iin dia­
meter, and for h .t . transmission , up to 3lin 
d iameter, are supported s ingly. 

In designing a cable bridge a number of 
special considerations are involved. First, 
the lead -off to the bridge must be arranged so 
t-hat some cables may pass by the bridge and 
others run on to the bridge with smooth 
curves in a regular manner. Secondly, the 
relative position of the cables must not change 
in passing over the bridge ; cables on top on one 
side must be on top on the other. I n each 
way, t he signal cables laid together must 
remain in the same relative p osition without 
reversal. An important point is that cables 
must not be bent to a radius sharper than that 
specified for each kind. I n some cases pro­
vision must be made for cables to leave the 
bridge at an intermediate pier , which may not 
he at the centre of t he bridge. 

• 

trains; finally , the appearance must be con­
sidered. 

For the first four requirements t he ideal 
structure would consist largely of a series of 
curves but the resulting forces and m oments 

, 
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40 - FT SPAN C A BLE B RI D GE AT HAI NAULT 

could not econ omically be provided for in 
such a design. Moreover, in cases where a. 
walkway is required, provision must be made 
for a man to walk or climb erect. F or struc­
tural simplicity and for economy in material, 
a beam or light lattice girder on vertical 
columns is the solution, but the cables cannot 
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make a sharp turn bet ween the colwnn. and 
the beam, nor a t t he foot of the cohunns. 

F or appearance, p rojections beyon d t he 
sweep of t he cables should b e avoided , and t he 
structure sh ould look light and simple. Cases 
where a double span is r equired are the most 
difficult to design with a good appearance, 
particularly where t he spans are unequal in 
length or in t he number of cables carr ied. In 
some cases t his last difficulty can be avoided 
by providing two separate br idges of similar 
outline bnt of a d ifferen t width . 

Careful a ttention to detail, the use of welding 
in som e cases for sh op fabrication and t he 
pressing of sections t o curved shap es, has 
enabled great economy to be made in the 
weight of steel required an d, at t he sam e time, 
a p leasan t appearance has been obt ained. 

The photographs reproduced herewith show 
two examples recen tly erected. 

Our first illustration shows a t wo-span 
bridge crossing main lines an d siding connec­
t ions at Fairlop, providing twelve cableways 
with access walkway and ladders. I t will be 
n oted that t he signal cables are t aken ver tically 
up t he supp orting columns while the l.t . 
cables are carried with larger ra dius curves 
o.n the floor of one span. 

The secon d illustrat ion shows the bridge for 
eigh t ways of signal cables, with a clear span 
of 40ft, sited among the connections at the 
entrance t o H a.inault depot. The arrange­
ment of the supports in relation to the plane 
of the beam was dictated by the required 
clearan ces. No walkway is p rovided and the 
beam cons ist s simply of a 22in by 7in R .S. 
joist riveted below a 5in by 4in R..S. channel. 

Another recent ca ble br idge is the one adjoin­
ing the new nor th signal cabin at H arrow ­
on-the-Hill. This lattice structure has a clear 
sp an of 60ft, crossing three m ain lines, a nd it 
p rovide. twenty -four ways for cables w it h an 
access walkway and la dders. 

imp ler designs have proved adequate in 
many inst an ces, such as at Newbury P ark, 
where eight ways of signal cables are t aken 
acr os. two tracks by a bridge in the form of a 
fiat topped arch , built up of cross-braced 
R.S. joists. An even simpler st ructure con­
s ist s of a bent steel channel forming an arch , 
designed to car ry four ways of signal cable . 
T wo such bridges are installed near Sout h 
Woodford junction. An exam ple of welded 
~onstruction is t o b e seen at Loughton, where 
a light lat t ice girder bridge of 50ft sp an has 
provision for eight ways of signa l cable without 
a walkway. 

• 

Mechanical Handling 
Convention 

IN addition t o the Mechanical H andling 
E xhibition , which opens at t he National 
H all, Olympia, on Mon day next, July 12th, 
t here is to be a Convention during the whole 
period of the exhibition, tmt il \ ¥ ednesday, 
July 21st. At the exhibition there will b e 
m ore than 120 :firms sh owing mechanical hand­
ling equipment of all t ypes, an d we intend to 
descr ibe some of these exh ibits in a forthcoming 
issue. At the Con vention n o fewer than seven­
teen papers are due t o be read. The exhibition 
and con vention, the first of it s type in the 
Br it ish Empire, has been organised on a non­
p rofit basis by our contemporary journal 
J.l1echanical H andling. 

C ON VE NTION P ROGRAMME 
The papers to be r ea d, briefly list ed below. 

have been compiled and are t o be presented 
from two viewpoints, that of the m echanical 
handling engineer, and that of the user of 
mechanical h an dling plant. 
J uly 13th : 11.30 a.m. " Mechanical H and­

ling in the Mot or Industry," 
Sydney Gilbert , M.I.P .E. 

3.30 p .m. " Mechanical H an dling 
in Agriculture," D. R. Bomford. 

July 14th : 11.30 a.m . " Mechanical H andling 
at Coal Mines," A . J . Beeley, 
A .I .Min.E. , A.I .Struct.E. 

3.30 p .m . " H andling on t he 
Railways," David B lee, 
M.In!=!t.T. 
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.July l !)th: 11.30 a.m. "Aerial R opeways," H . 
•. D ixon . 

" Aerial Cableways," R.. E. Spain, 
M.I.Mech .E . 

3.30 p .m. " H andling of Britain's 
Cereal and Seed • upplies," F. 
Raby J o1ley, l\LSc., A.M.I.C.E. 

· 4.30 p .m. " Mechanical Handling 
in the Ship building Industry, " 
Denis .Rebbeck, M.A., M.Sc. , 
B .Litt., A.M.I.C.E ., A.M.J. 
Mech .E ., M.I.N .A. 

.Ju ly 16th : 1 1.30 a .m. " Mechanical H and­
ling Methods in the Steel I n ­
dustry," G. W. Grossmith, M.I. 
Mech.E. 

3.30 p.m. " Mechanisation in 
Foundries," J . Bain, A .M.I. 
Mech .E. 

J uly 19t h : 11.30 a.m. "Coal, Coke and Ash 
H andling at P ower Stations," 
F. G. Mitchell. 

3.30 p.m. " Mechanical H andling 
at Gas Works an d Coke Ovens, , 
W . Mor land F ox, B.Sc., M.I . 
Gas E. , A.M.I.Mech .E. 

July 20th : 11 .30 a .m. " Mechanical H an d­
ling as Applied to Industria l 
P rocesses," D . CheiTy P aterson, 
M.I.Mech.E . 

3. 30 p .m. " F ork Trucks," Colon el 
Raymond T. H ar t mann, M.A. 

" P ower Trucks," J. R. Sharp . 
J ·uly 21st : 11.30 a.m. " H an d Trucks in 

Materials H an dling," H . H. 
Springett. 

3.30 p.m. " Time an d Mot ion 
Study in Relation t o Mater ials 
H andling," Charles Cooper , 
A.M.I.P .E. 

MECH ANI CAL H ANDLI NG F I LM 

A colour film, " Mechanical H andling, " will 
be sh own in i ts entiret y on Monday, July 12th, 
at 4 p.m. ; on Wednesday, .July 14th, at 5.30 
p .m., and on Saturday, J uly 17th, a t 2.30 p.m. 
The film is in five sections and has a screening 
time of one h our and fifty minutes, so it has 
also been arranged to show t he sections sepa­
ra tely on var ious days. 

This fi lm, which may be described as an 
excellent documentary, has been sponsored by 
the Mechanical H andling E ngineers ' Associa ­
t ion, 94-98, Petty F rance, S.W .1, with t he 
object of demonstrating, in a form which is 
both entertaining and informative, t he wide 
possibilit ies of mechanical movemen t of goods 
in industry . It has succeeded admirably in 
it s object. The five sect ions of t he film are : 
introductory ; coal and ash h andling ; bulk 
m aterial h andling ; metal handling ; and indus­
t r ial handling. All t he scen es are filmed in 
colour an d t here are some n otable shots dealing 
wit h such things as the locomotive coaling 
plants at King's Cross and Rugby, pneumatic 
grain-handling plant at docks, equipment at a 
continuous strip mill , and man y other mechani­
cal aids t o m ovem ent of materials . 

Hydraulic 
Mines 

Transmission 
Locomotives 

on 

To examine t he behaviour of a hydraul ic 
tra nsmission in a mines locomotive a n instal ­
lation was ma de at Lofthouse colliery . \Vest 
Yorks, some m ont hs ago, and s ince then the 
d ie et locom otive, built by the R unslet Engine 
Company, L td., Leeds, has been operating in 
heavy coal haulage wit h satisfactory results . 
This installat ion has cer t ain t echn ical attr i­
b utes n ot usua lly fotmd in hy draulic t rans­
missions. \ rVe have n ow received from the 
locomotive builders some views on its operation. 
It m ay be recalled that the locomot ive was 
described in our issue of May 7, 1948. 

The Brockhouse transmission system adopted 
h a charact eristics differen t from the existing 
V oith, Lysh olm, and Trilok types in t ha t the 
efficiency is high at t he t op end of the speed 
scale. Transmission losses are con centrated 
m ore at t he low end of the sp eed scale, where 
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t hey do not matter so much, a.s full power is 
n ot used over that range. A second difference is 
t hat the full range of speed and torque is 
t ransmitted through the con verter itself, which 
does n ot n eed the supplementary sepa rat e fluid 
flywheel as in the V oith drive, or friction clutch 
as in the Lysholm system, for direct drive 
conditions. Thirdly, as only a preliminary 
invest igat ion was being made, t h e Brockhouse 
t urbo-converter was fit t ed on t he st andard 
locomotive together with a standard gear­
box, and the combination of four speeds and 
hydraulic t ransmission h as given, it is sa id, 
extraordinary flexibility in op era t ion . 

The locomotive at Loft h ouse is of the l OO 
b.h.p., 15-ton s ix -wheel t ype, running on 3ft 
gauge t racks of 60 lb rails and h auling cars of 
185 cubic feet capacity each . Test s with t he 
standard H unslet locom otive of this p ower 
with mechanical drive have sh own t hat on 
bottom gear a t ractive effor t of over 9000 lb 
can be obtained in b ott om gear step; but 
with t he conver ter in operation in sequence. 
with t he gear drive tractive efforts of 12,000 lb 
an d more have been recorded under suit able 
sanded-rail con ditions, corresponding t o a 
fa ctor of adhesion of less than 3 · 0 t o l. 

' 

The normal work undertaken by the loco­
m ot.ive down b elow is the haulage of t he large­
capacit y cars over a :first-class track- all pa rt 
of t he ma jor reorganisation of Lofthouse 
working undertaken over t he last few years. 
Though the hauling capacity on the level is 
up t o 400 tons at about 4 m .p .h. , the critical 
point in t heir operation at Loft house is t o 
brake safely t rains of eigh t or nin e cars, weigh ­
ing up to 60 t ons, down a long gradien t of l in 40, 
normally traversed at 9 t o ll m .p.h. The needs 
at Lofthouse are not very hea vy t rains , but 
loads of ab out eight cars hauled expeditiously 
up and down t he gradient and wit h a quick 
turn-round. The journey uphill wit h the empty 
cars is usually ma rle in t op gear at speerls of 
10 t o 12 m.p.h . 

In it s action , the converter produces direct 
drive at all speeds when t he t orque required 
of the output shaft will a llow a l to l rat io. 
U nder certain t raffic conditions, where low 
gear is being ma in t ained for som e t ime at 
comparatively low torque, this feature is of 
some importance, and here the Brockhouse 
turbo-transmitter drives through this l t o l 
ratio throughout most of such a per iod ; it 
goes into conversion only intermittently, when 
acceleration is necessary. 

One of the principal a dvantages claimed for 
this t ype of con ver t er installed in conjunction 
wit h t he Hunslet drive is smooth performance 
over undulating roads- a point that has been 
well p roved at Lofth ouse, where many of the 
drivers are said to prefer t he diesel mechanical ­
hydraulic locomotive, though some time elapses 
before a driver a ctually get s the " feel " of a 
hydraulic-drive locom otive after he has been 
handling a geared -drive unit. The improved 
performance given over purely mechanical 
drive is n ot of such a high or der when t he 
track is level or t he gradien t uniform ; but 
compared with previous forms of hydraulic 
drive there is always the a dvantage of t he 
subst antially higher efficien cy at t he top end 
of the rotational-speed scale, the order ris ing 
t o 97 per cen t at low input t orques and from 
80 to lOO per cent of full speed, and 88-90 
per cent at high input torques . As in most other 
hydraulic drives, the presen t t urbo-t ransmi t ter 
is non -reversible, and a reversing gear is in cor ­
p orated in t he locomotive transmission . 

ANOTHER MAIN LINE DIESEL-ELECTRIC LOCOZ\10-
TIVE CoMPLETED.- The second diesel-ele<'tri<' loco­
motive to be built for main line express duty on 
Brit ish Railways began its t rials on J uly 5, 1948. 
at Derby Works, London Midland Region. After 
a short period of preliminary rwming, this 1600 h .p . 
unit (" No. 10,001 ") will be tried out in conjunc­
tion with its forerunner (" No. 10,000 " ) on the 
West Coast route express passenger trains between 
London (Euston) and Glasgow (Central), t he t wo 
identical units being coupled toget her as one 3200 
h .p . locomotive. Comparat ive test s will be made 
between t he performance of th is twin-diesel electric 
unit and that of the latest improved design of 
steam locomotive. 
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The Evolution of the Design of 
an Aeroplane.* 

By R. L. LICKLEY, B.Sc., D.I.C., F.R.Ae.S.t 

'I'BE aeroplane is an extremely complicated 
piece of engineering and is daily growing 
more complex. However much we simplify 
a part, a. new requirement comes along need­
ing some other part to be more complicated. 
Thus the evolution of an aeroplane design is 
a. long and tricky business in which there are 
many pitfalls and. possibilities of error and in 
which compromise is constantly required in 
finishing any one part of the design. Because 
of the complication, because of the necessary 
compromises, and because of the wide choice 
of initial shapes a.nd methods, aeroplane 
design is still an art rather than a. science and 
is, I feel, likely to remain so, although a good 
deal more sound engineering common sense is 
still required in certain sections of the industry 
throughout the world. 

The design of an aeroplane might be likened 
to the creation of a picture from a jigsaw 
puzzle, with the added difficulties that there 
is no replica of the final result on the outside 
of the puzzle box and that frequently indi­
vidual pieces of the puzzle change shape while 
waiting to be fitted into the picture. The only 
guide to the completion of the picture is, first 
of all, a rough one given by the tender and 
the specification and a. generalised procedure, 
varying fr om firm to firm but built up on past 
experience, which gives the order in which the 
picture develops. 

THE START OF A DESIGN 

It is rarely easy to say when exactly a 
design started or what caused it to start. The 
most likely way is that someone in the firm 
has an idea and from it rough sketches are 
made and the beginnings of a design emerge. 
This idea may be brought into being in a 
number of ways, the first and best probably 
being that in which it is stimulated by the 
instinctive feeling that such a design is needed 
to fulfil a certain purpose. This feeling is 
often stimulated by the formulation by an 
interested body of very broad requirements. 
The exact opposite to this is when a firm is 
presented with a rigid specification prepared 
by an outside body and giving little overall 
freedom of design. Obviously there can be 

. any number of possible variants between 
these two extremes. I firmly believe that the 
best designs come about in a manner most 
closely approximating to the first type : the 
resultant aeroplane has been called a private 
venture or P.V. type and for speed of design 
and excellence of type very few other machines 
have equalled the P.V. types of recent years. 

With increasing costs and decreasing mar­
kets, most firms nowadays require some­
one to pa.y for a. prototype and in whichever 
way the design starts, a tender and specifica­
tion ha. ve sooner or later got to be prepared and 
in consequence, the stages leading to t his must 
be studied. 

STAGE l : THE DEVELOPMENT OF THE DESIGN 

When either Air Staff or an operating cor­
poration require a new aeroplane, the respec­
tive branches in the Ministry of Supply issue 
to selected firms a. statement giving the main 
requirements of the new type, such require­
ments being chiefly connected with speed, 
range, disposable load, and so on, and from 
this the Project Branch of the firm can start 
investigating varying designs, the best of which 
will eventually be submitted as a tender. 

During the preparation of the tender, a 
considerable amount of initial investigation 
and project work is done by the firm and this 
ca.n often be used later if the order is placed 
with them. The tender represents in some 
cases thousands of hours of work and needs 
drawings and lay-outs of most of the main 
sections of the aircraft. 

The preparation of the tender involves 
stages which are the kernel of the whole design 
and decisions taken on them can certainly 
make or mar the whole design. They include 
• Royal Aeronautical Society, February 26th. Abstract 
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such matters as aeroplane shape, wing loading 
and high lift devices, and most important of 
a.ll, the choice of a. power plant and the estimate 
of the all-up weight. 

Apart from the sound structural work and 
efficient detail design which are necessary 
durjng the whole period of the work, these 
four items are the most important in the evolu­
tion of the design and by their very nature 
must be decided in the early stages. 

The shape of the aeroplane allows the 
designer to show to the full his individuality 
and the looks of the aeroplane are determined 
at this stage, for once general lines are decided 
they are rarely altered, except in detail. It 
is n ot always realised how much responsibility 
rests on the designer a.t this stage. The full 
requirements are not known, the ultimate 
objectives are somewhat dim, but the designer 
must use his experience and instinct to pr o­
duce something which will still be the best 
possible shape for the ultimate duties of the 
aeroplane. It is sometimes said that at this 
stage an effective crystal gazer would often be 
of great use. 

Coupled closely with the overall shape is 
the wing plan form, the decision to have 
small wing areas and extensive flaps, or large 
areas a.nd simple flaps, and so on, and in this 
the design is to some extent influenced by what 
the shops can do and what materials are avail­
able, a.nd by the selling cost required. 

Next comes the choice of power plant. 
This was a difficult enough matter when there 
was only the piston engine. Now, with jets, 
propeller turbines, reciprocating types and 
compounds, the choice is a matter needing 
great forethought and skill. 

The successful choice of a power plant can 
only be made after a detailed study of the 
offers made by various engine manufacturers 
in relation to the duties of the aeroplane. In 
the past there has often been a tendency to 
take too much for granted in an engine maker's 
statements and delays and unsatisfactory 
aeroplane types have resulted. Whether or 
not this could be overcome by having in the 
firm's project branch an engineer specially 
trained to deal with propulsion problems, or 
whether general training of all design engineers 
in the principles of the subject is the better 
way, I will discuss later. The designer is to a 
great extent in the hands of the engine man 
with respect t o engine weights, powers, specific 
consumption and so on, and the desire to 
believe what are obviously optimistic values 
is a hard one to fight down, especially as they 
all tend to make the aeroplane seem better 
than ultimately it will be. The best designs 
are those in which the designer has guessed 
right as t o the best future power plant and has 
tempered the optimism of the engine firm with 
more conservative estimates. 

The over-optimism of the engine people 
on the future of propeller turbine units, in 
particular their very optimistic claims r elating 
to the time to develop new engines, has led to 
a difficult situation in this country with regard 
to new civil types. Greater faith in the piston 
e':lgine by designers might have given a very 
d1fferent answer t o ·the operat ors' problems. 

The accurate estimation of the all-up weight 
is the most fundamental problem before the 
designer in the pr oject stage. Bad weight 
estimation will, in the limit, destroy any chance 
of success the aeroplane might have. It can 
render it unable to perform the duties for which 
it is designed, so reduce the payload that no 
company will operate it, and so on and so on. 
In the past, insufficient attention was often 
paid to this and fantastic estimates were often 
submitted with tenders, so much so that in 
some quarters there is still a saying that the 
aeroplane goes into service 20 per cent heavier 
than the tender estimate. This is not entirely 
the ma.nufact~rer's. fault; equipment changes 
and goes up m weight, and power plants in­
crease in weight ; nevertheless accurate weight 
estimates of structure and installations a.re 
required early on and to ensure that they a.re 
adhered to, close control is needed. A strong 
weight section, with plenty of data and in 
close touch with the project section, can pro­
duce a. much more realistic estimate than was 
often used in the past and with effective weight 
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control in addition, the wide divergence in 
weight between tender and prototype should 
disappear. 

The completed tender is then submitted, 
and represents an important stage in the 
evolution of the aeroplane. To take a. simile 
from another type of evolution, the chicken 
might be said to be starting to chip open the 
egg. 

STAGE 2 

At this stage the committees get to work 
and it is difficult, as one closely connected 
with design, to speak objectively on the matter. 
Neither works of art nor works of engineering 
can be produced by committees. They are 
undoubtedly necessary in small quantities and 
at long intervals in the design to ensure (a) 
that the contractor is provided with a. firm 
contractual document ; (b) that he has all the 
help (technical and otherwise) which he needs 
to get on with the design, and (c) to check 
at the end that the final design bears some close 
relationship to the specification. 

This, however, is digressing somewhat a.nd 
is caused by the next stage in the evolution : 
that of a meeting which might be called the 
tender acceptance committee. This body., 
composed of Ministry of Supply and user 
representatives, decides which tender is the 
best--n ormally without any representatives of 
the design firm present--and what changes ca.n 
be asked for or inflicted on the designer. 

The next stage therefore is that the pros­
pective purchaser and the designer get together 
and hold a. b argaining match. The purchaser 
to see how much extra he can get, the designer 
to stand firm by his existing tender, which, 
after a.ll, represents his best ideas on the 
subject. However, the designer's firm probably 
needs the order a.nd against his better judgment 
he may be forced to accept alterations or amend­
m ents which in his opinion do not improve the 
design. On the basis of this latter meeting, a. 
full specification can be prepared and this 
represents the contractual requirements of the 
design and in most cases is a never -ending 
source of argument from then on. 

While these committees have been discussing 
the ~atter and R.A.E. a.D;d Ministry of Supply 
offiCials have been vettmg the design, the 
firm has not been idle, particularly if it has 
been given advance information regar ding 
the ~ward to it of the co~tract. The aerody­
nanncs branch of the firm 18 checking the data 
used in the tender, estimating control areas, 
balance p ercentages, a.nd so on, and preparing 
a programme of the necessary wind tunnel 
tests. The project office or drawing office 
are continuing their work, making more detailed 
~ayouts ?f cockpits and so on, scheming engine 
mstallat10ns and other details needed for the 
wind tunnel tests ; and the design section of 
the stress office is scheming out the most 
efficient types of structure and disposition of 
load-carrying members. 

If this work is delayed, because of time 
wasted by committees, or the firm being given 
no a?-va.nce UU:ormation, it represents a very 
genume delay m the overall time to produce 
the type. The reason is partly psychological 
partly practical, and is caused by the fact 
that staff taken ?ff an aeroplane design and 
t hen started agam, have to regain interest 
to try and pick ';'-P the threads where the; 
left them and to reslSt the temptation to redesign 
the whole aeroplane in accordance with e. 
~ew set of ideas. This last is fatal and results 
~ . a half-~nd-h~ approach, particularly if 
It 18 combmed .wtth ~ttempts to satisfy too 
many of the pomts raiBed by t h e meeting on 
th e specification. 

STAGE 3: 1\fOCK-UP 

Ass~ing that ~11 is going well, an important 
stage m t~e. design evolution is now taking 
place. This 18 the construction in the experi­
mental shop of a. more or less elaborate full­
sca.le .model of the aircraft, called a. mock-up. 
This lS prepared to the drawings and instruc­
tions .of the ~esign group engaged on the pre­
para~lOn of lin~, cockpit layout and so on, 
and 18 used to give the firm's personnel-and 
the customer and his agents-a better idea 
than they can get from a tender. It is used to 
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position seat&, controls, instrument panels, 
and such things, in the early stages and, 
depending on its expenses and elaborateness, 
it may, in the case of a. civil aeroplane, include 
all the final equipment and furnishings . It 
develops and is kept up-to-date during tho 
progress of the design and it is important to 
keep a close link and careful control to ensure 
that design changes are incorporated in the 
mock-up and vice versa. The more elaborate 
the nature of the aeroplane, the more important 
is it to have a good m ock-up incorporating all 
the equipment layout, as without this help 
the design staff and the shops would find the 
task of piecing the aeroplane together much 
more difficult. 

Mter some weeks or months of preparation, 
depending on its size, an important con­
ference is held, which, if properly handled, 
can be most useful. This is the mock-up 
conference and is the stage a.t which the chicken 
might be said to have discarded the pro­
tection of the egg shell (in this case the general 
arrangement and layout drawings of the 
tender) and come out into the light of day. 
At this conference the representatives of the 
user, the supervising authority, or authorities, 
and the firm, get together and attempt to 
reach agreement on A-ll the inRtallational 
problems shown by the mock-up. The success 
or otherwise of the conference depends on how 
far agreement is obtained and this is not easy 
when thirty to sixty persons, all with their 
own pet theories, are each and everyone try­
ing to get hie own way. To be successful 
mock-up conferences must be held with the 
minimum of people all sufficiently senior to 
make decisions on the spot which will be 
upheld by the bodies they represent. The mock­
up conference over, the firm bring the mock-up 
into line and for a. period there is a walcome 
freedom from conferences and so on. 

STAGE 4 : INITIAL DESIGN WORK 

While the mock-up has been going ahead, 
the other sections of the design staff have not 
been idle. 

The wind tunnel tests are being made to 
check that the main aerodynarruc features of 
tho design are satisfactory and the problem of 
how many tests, how much to believe and how 
far to alter the aeroplane to meet these tests, 
is a big problem for the d~signer. Wind tunnel 
tests are a. fundamental necessity and no 
design should be allowed to go ahead without 
them ; but, and this is not always realised 
outside a design staff, they take time and if 
the design is hEild up until the wind tunnel 
answers are available, considerable delay may 
ensue. Further, because of ~cale effect, in­
ability to reproduce manufacturing inaccuracies 
on a small scale and (as the model is rigirl) 
inability to reproduce distortion, the results 
are always suspect to some degree and have 
to be interpreted. Here the experience of 
the designer and his aerodynamics staff are 
necessary to guide the critical decisions of 
how far to trust their own ideas and how far 
to trust the wind tunnel; their judgment in 
this matter has a. great bearing on the successful 
flying qualities of the aircraft. 

During this period, also, the designer is 
getting, with or without his seeking, general 
advice on hie aerodynamic problems from the 
various research establishments. This is 
generally very helpful and no designer will 
neglect it, but it is sometimes forgotten by 
those in these establishments that the respons­
ibility for the design is the designer's and that 
any opinions they may offer should be guided 
by the realisation that somebody else has to do 
the job and that the designer will be blamed if 
the result is unsatisfactory. 

The structures section of the firm, having 
received preliminary loading data., is pro­
ceeding with the estimation of loads, the 
choice of the most economical structures to 
take these loads and the preparation of pre­
liminary sizes and loads to enable the drawing 
office to make a start on the detailed design 
of the major structure. The structure weight 
estimates are checked, stage by stage, with 
the development of the stnwture and the 
loads to ensure that proper weight control 
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is achieved. The weight section is also keeping 
a close watch on the mock-up to ensure that 
only equipment called for in the specification 
is being included and notifying the designer 
when any departure from this is noted. From 
this stage on, no move either in the structure, 
the detail design, or the mock-up should be 
made without the weight section knowing 
of it and checking its overall effect on the 
aeroplane. 

The drawing office at the same time is going 
ahead with the overall linea of the aeroplane, 
usually nowadays by lofting methods, and 
getting from these lines the necessary dimen­
sions to enable the more detailed parts to be 
drawn. Discussions are held with the experi­
mental shop to decide on the best order for 
the issue of manufacturing drawings. Good 
co-operation here between experimental shop 
and design department can eliminate many 
delays at a. later stage and if a. timetable be 
prepared, giving the stages a.t which informa­
tion is required, this can be used a.s a check 
throughout the design to decide which drawings 
should be accelerated and so on. Here, how­
ever, there can often be a conflict of ideas. 
The shops want to make a. good show and a.s a. 
result like a.n early issue of units which are 
easily completed, such as tailplanes. These 
are the very units which the designer wants 
to hold up as they are the most in doubt while 
the wind tunnel tests are incomplete. These 
arguments can usually be ironed out and the 
shops encouraged to go ahead with the major 
structure and with the parte of the aeroplane 
which will contain most equipment, i.e., the 
structure round the cockpit should be built 
long before the rear fuselage, as a great deal 
of installation work is required on it. 

Also, now that the design is taking shape, 
discussions take place with the production 
side of the firm to decide on methods of manu­
facture, size of units, amount of tooling and 
a host of similar matters. Here, again, com­
promises and co-operation are highly desirable 
if the ultimate successful production aero­
plane is to result. The designer would like 
everything new ; materials, methods and so 
on, and the works would like to use all the 
parts they had used on the last aeroplane, 
although they might be strung together in a 
different way. The problems are often thorny 
ones and the chief designer has considerable 
respons~bility a.s he is the final arbiter as to 
which type of construction is to be used and 
this may involve hie firm in considerable changes 
of workshop methods and plant. 

STAGE 5 
The next period is one where continual 

supervision is needed over both design offices 
and experimental shop if time is not to be 
wasted. The first enthusiasm is waning, 
nothing seems to be happening and unless 
considerable drive is given to the whole organi­
sation the whole programme will get out of 
gear and considerable delay will result. 

The first stage to preven't this is to prepare 
a chart showing the order of issue of drawings 
to the shops against a. set of dates and to 
ensure by constant supervision that this is 
kept to, even when stressing problems may get 
difficult, the equipment will not go into the 
space provided, and so on. 

The second stage is to see that the experi ­
mental shop has a similar set of dates to work 
to and to make sure that delays, such as in 
material supply and alterations to drawings, 
are not used a.s excuses to fall a.wa.y from this 
timetable. As it is the nature of man generally 
to make excuses and to blame others, this 
period is one where the designer, in addition 
to ensuring the highest quality of design and 
drawings, has to act as sla.vedriver, mediator, 
and detective in turn or all at once, to separate 
sections and hie skill in these directions, 
although not improving the actual design of 
the aeroplane, goes far to cut down the time 
of manufacture. 

The design is now proceeding steadily, the 
main structure should all bo issued and things 
are beginning to take shape in the shops. Other 
mock-ups are also being made. These are 
functional mock-ups and represent parts of the 
aeroplane which the designer wishes to check 

before incorporating them in the aeroplane. 
They include fuel systems, new forms of ftap 
operation, the pressurising equipment if fitted 
and other matters of a similar nature. These 
m ock -ups are expensive and can take up a 
great deal of valuable time, both in the drawing 
office and experimental shop. Their justifi­
cation is that they are said to cut down troubles 
·in the development flight trials and to improve 
maintenance; when this claim can be sub­
stantiated then they can be very useful, but if 
proceeded with, then the best brains of the 
design section should be employed on them to 
ensure that maximum value is obtained. 

Closely akin to these functional mock-ups, 
which must in most cases be made from actual 
parts of the aircraft, are the strength test 
specimens. These are decided on, bearing in 
mind the duties of the aircraft, the departures 
from conventional stru ctures and similar 
matters. N owada.ys it seems as if only a test 
on the complete aircraft will satisfy everybody. 

Passing quickly now from this period to 
the stage at which the various parts are 
assembled together, we reach the final hectic 
period in the evolution. Equipment is all 
coming along a.t the last minute, the systems 
have to be checked, the retractable under­
carriage tested, the wing stiffness measured, 
vibration characteristics determined and a 
thousand and one other things all seem to be 
conspiring to prevent the first flight. 

At last the whole matter is complete and 
the new design takes the air. The period 
which then starts is a most interesting, but 
most harassing period, but it is not within 
the limits of this lecture and here we must 
leave the evolution of the design. 

CONCLUSION 

This leads to the concluding part of my 
lecture. Too often in the past and at the 
present day, the design offices of an aircraft 
firm are peopled with warring sects: the 
drawing office and the stress office being the 
chief ones. The continued arguments between 
these sects often lead to hold-ups, poor design 
(due to stressmen without design knowledge) 
or, constantly nowadays, poor detail design 
either from a. strength or a weight aspect 
(due to draughtsmen without stress know­
ledge). 

It seems to me that optimum efficiency will 
not be achieved unless the walls between 
these sections are removed and a. universal 
design office takes their place : this office to 
be aided by a research group, aerodynamics 
group and detailing group (either doing detail 
drawing or detail calculation). 

This involves giving draughtsmen consider­
ably more technical training than they have 
at the moment, and at the same time widening 
the training of the present type of stressmen 
to include drawing office and design experience, 
and also to see that they get a. certain amount of 
shop experience. Only by these two approaches 
can we reach the optimum in design from all 
points of view. By doing this, I feel that de­
signs would be got out more quickly. The detail 
design would be greatly improved, leading to 
better structure weight and fewer maintenance 
problems. This system wouJd, with advantage 
be further widened in scope by having in the 
power p lant section men having sufficient 
basic knowledge of propulsion problems to 
discuss fundamentals of engine design with the 
engine manufacturer and thus onablo the data 
put forward on any given engine to be carefully 
checked a.t an ea.rly stage. 

With the increasing complexity of· modern 
design, I feel that much greater attention must 
be paid to technical education in its widest 
sense, particularly in the design offices. This 
can only be achieved by encouraging all con­
cerned to widen their knowledge, by having 
a. system which gives the best apprentices a 
chance of further education at a university, 
and by giving those with the highest technical 
qualifications a chance to got further in the 
firm than tho present boundary walls of the 
stross office. Only by integrating the whole 
design staff into ono unit, can aeroplanes nowa­
days bo designed in comparable times to those 
taken some years. ago. 

• 
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Industrial and Labour Notes 
Industrial Health 

A session devoted to " Occuptltionttl 
J {et\lth , was included in the programme of the 
annual scientific meeting of the British Medict\l 
Association, which wns hold at Cambridge las t 
week. One of the ptl.por~; presented for dis­
<'ll tiHion was by Hir Oeorge Hchuster, Chairmun 
of the Human Factors Pnnel set up by the 
l ndm~trial Productivity Committee, and in it 
t ho suggestion was put forward that, wherever 
po!:!sible in industry, thoro sh ould be full-time 
medical officers who h0uld participate in a ll 
discussions about a firm's work. 

These medical officers, Sir George considered, 
ought to take a broad conception of their duties 
and sh ould concentrate on positive health in a n 
industrial undertaking. The suggestion might 
seem idealistic, he said, and possibly smaller 
firms might find it u seful to group together for 
the purpose and share a medical officer. The 
real end of industria l act.ivity, ir Ceorge 
asserted, was threefold; it should a chieve 
excellence in production, provide satisfying 
activity as the foundation for a good life for 
those engaged in it, and it should fit in as part of 
a ~;atisfactory pattern of society. 

The Wire-Drawing Industry 
On the motion for t he adjournment of 

the H ouse of Commons on Wednesday of hu~t 
week, the present situation of the British wire­
dntwing industry was raised by Mr. Martin 
Lindsay. H e contended that many othet· 
Heel ions of the steel industry were relatively 
far better supplied than the wire industry, 
which, he said, had received no benefit whatever 
from the increased home production of ingots. 

Mr. Jf. J. Erro11, who also spoke, suggested 
that there was something seriously wrong with 
the system of allocating steel supplies. A com­
paratively small additional tonnage for the 
wu·e industry, and of the right qualities for 
individual firms, could remove some of the 
worst bottlenecks in the engineering and allied 
trades to-day, a nd could secure the m ost 
valuable export markets. He thought that 
Htoel at present being exported in simpler forms 
could y ield much more foreign exchange if sent, 
~:Lbroad in the form of wire. 

The J oint Parliamentary Secretary to the 
Ministry of • upply, Mr. J. J ones, replied to 
points raised during the debate. In the course 
of his speech he said that the wire-drawing 
industry was getting a percentage increase of 
the increased total production of s teel in this 
country. His Ministry 's job was to make it 
pos~;ible t,o give every section of industry a fair 
allocation of the overall production of steel. 
The Government had been promised 8500 tona 
of wire r ods by Belgium and Luxemburg in the 
near future, and it was hoped that more hard 
steel rods would be forthcoming from Sweden . 
It was a lso h oped that France would be able to 
supply 6000 tons of billets in the second h alf of 
this year, and possibly 500 tons of r ods. 

Wage Rates and Working Hours 
The Ministry of Labour has publish ed, 

in the latest issue of its G'azette, details of the 
changes in wage rates and in working hours in 
the United Kingdom which came into operation 
during the month of May . The alterationH in 
wage rates affected a bout 326,000 workers and 
resulted in an aggregate increase of approxi­
mately £104,000 a wook. Among those who 
participated in these increases were ski lied 
craftsmen in the coal-mining industry, certain 
ironstone and iron ore miners in Cleveland and 
North Lincolnshire, asbestos cement workers, 
some workers in the iron and steel and scrap 
industries, and those {\mployed in railway work­
Hhops. In the :firRL five m on t,hs of th is year·, 
c·hang0s in wage rut<•s hn.vo resul ted h1 nn 
aggregate weekly i1wrc•asc• of £831,600 in t l1o 
wnges of 2, H7 ,000 worl<orH. 

The <'! lunges in normnl hmn·H of ln,btHII' 
reported to the Mini~;try a!-J having come into 
operation in May resulted in a,n average redtw­
tion of about four houn:1 a week for about 7000 
people. Those affected were employed mainly 

in t,ho cement mt\nufact:.uring industry, in which 
t,he normal weekly hours were reduced from 
forty-eight to forty-four for workers ?ther than 
shift workenJ, although the forty-e1ght hour~; 
arc to be worked so long as the shortage of 
labour continues. I n the first five months of 
1948, changes in working hours repot·ted to the 
MiniRtry of Ln,bour incl icate that there haR boon 
t\n average !'eduction of approximately three 
hours a week affecting 270,000 workpeoplo. 

Trade Disputes 
Statistics concerning industrial diH­

putes, which were issued last week by the 
Ministry of Labour, show that there were 174 
stoppages of work t hrough disputes reported 
as beginning in May, a nd that 15 earlier 
stoppages were still in progress a t some time 
during that month. In these 189 stoppages 
:l2,000 workers were involved directly and 
indirectly in May, and it is estimated that the 
aggregate number of working days lost was 
86,000. In the preceding month 206 stoppages 
through disputes were in progress, involving 

6,000 workers and causing an aggregate loss 
of 628,000 working days. Of the s toppages in 
May, 11 2 occurred in the coal-mining indu..,try, 
involving 15,500 workers, and resul ting in a loss 
of 37,000 working days, while 40 occurred in 
the metal, engineering and shipbuilding indus­
tries, involving approximately 11,000 workers 
a nd causing a loss of 35,000 working dayR. 

The Ministry of Labour's report addf! that 
179 stoppages of work ended during May. Of 
t his number, 73 lusted not more than one dtty, 
39 lasted two days, 21 laRted t hree days, :32 
lasted from four t,o ~;ix dnys , ~:md 14 continue'L 
for more than s ix chtyr;. 

Unofficial Strikes 
The MiniHter of Labour, Mr. Tsaacs, 

was asked in Parliament on Thursday of h.tr;t 
week whether h e would set up a Commission of 
J nquiry on unofficial strikes, in view of their 
menace to the food supply and other necessities 
of life. In his reply, the Minist er said that he 
did not think such a CommiRsion would be a 
satisfactory m ethod of dealing with the problem, 
but "the posit,ion was being explored. , The 
Minis ter added that unofficial strikes did not 
come within the purview of the Ministry of 
La bour Lmtil i t was approached by t he organisa­
t,ions involved. While the Ministry was very 
much concerned a bout these continuous out­
brottks of resentment, against trade union 
authority, i t was not in a p osition to intervene 
until it was asked to do so. 

The Burden of Public Administration 
The utional Union of Manufnct,urer~o~ 

has addressed t\ memorandum to the Prime 
Minister asking that there should b e an imme­
diate reduction in t he heavy burden of public 
administration, in which, it states, one-nint h of 
the whole working population is now engaged. 
The National Union nssorts that the country 
can no longer suppor t this burden of national 
overhead cost or he deprived of the m anpower 
thus occupied. 

Reiterating that about one in nine of t he 
civilian employed population is engaged in 
public administration, t he memorandum says 
that manufacturers ure alarmecl at the wide 
disparity between thi~o~ hettvy national overhead 
and the difficult conditions in which they arc 
compelled by present circumstances t o operate. 
Furthermore, they feel that, in these dayH of 
financial stringency, the heavy cost a nd the 
absorption of human effort cannot possibly be 
ju~;tiJied. 'J'his la rgo nrmy of civil servants, 
the m emorandum c·ontinuos, con.stituteH for 
industry u, burden of a threefold cha racter : 
first, the cost w hich uwHt be borne by industry ; 
~o~econdly, the l o~;~; to industt·y of valuable man­
power often of the Ut"lit administrative t.y po ; 
and. lastly, the work imposed upon induHtriuJ 
staffs by the mnltifariouR demands for informa­
tion a nd returns by Government Dopartmon U:I. 
'fhe National Union feelt; very strongly that 

this i ~; a position which cannot be a llowed to 
continue if British industries are to maintain 
t heir position in the m arkets of the world, where 
price competi Lion is becoming more a nd mote 
~teute. 

Frustrated Exports 
The President of t,ho Bmwd of Tn11 lo 

stated recently that the A.c;sociat,ion of Hritish 
Chambers of Commerce had lmdol'Laken to 
advise the Board concerning applications for 
permission tn roloaae for the home market 
" frustrated " export gooclc;. These, of cour~:~e, 
are goods which a re stated to be shut out of the 
markets for which they were originally intended 
and for which a buyer has not been found in a n 
a lternative market overseas. 

The Aasocio,tion of British Chambers of Com­
merce has now announced t hat t he Advisory 
Panel for this purpose will include the President, 
Mr. J. McLoan, Mr. A. H. 1 • Hinchliffe, Colonel 
R. H. Goldthorp, and Mr. J . K . Tyre. In 
reaching its conclus ions, the Advisory Panel 
will draw upon the large reservoir of expert 
commercial opinion available to it throughout 
the United Kingdom. All information supplied 
by applicants will be treated confidentially. It 
is emphA.~isod that application.'! should not be 
addressed to the Advisory Panel; they should 
be sent to t he Government Depa r tment which 
it; t he production authority for the goods in 
question, or , in the ease of goods imported for 
re-export, to t he Import Liceru;ing Department 

. of t he Board of Trade. 

The National Union of Mineworkers 
The annual conference of the Natioual 

lJnion of Mineworkers is t aking p lace this week 
at Whitley Bay. At1 early item on. the agenda 
was the presentation of the Nationa l Executive 
Committ,ee's repor t, one section of which is 
devoted to the present situation in the coal ­
mining industry. The report referH to a recent 
meeting between the Executive a nd the 
National Coal Board, at which the genera l 
posit ion of the industry was discussed. 

On the question of u nofficial s toppages, it wtU; 
decided at thi~ jo int meeting that the Divisional 
Coal Board!i in those a reas where the s toppages 
were most prevalen t should combine with the 
union in making an investigation into the caut~es 
leading to the adoption of "go-slow " m ethod<> 
and strike act,ion, and in putting forward 
recommencltltions for securing an improvement. 
The report goes on to say t hat the National 
Coal Board's representatives also expressed 
concern about the implementation of the five­
day week agreemen t, and it was decided to Het 
up a working party, which would call for the 
full factli relating to t his que~;tion ~mcl report 
upon ~:1-ny fur ther steps which could with 
advan tage be taken to secure maximwn pro­
duction. lt was also agreed that, the working 
party should examine the plans a nd prospects 
of the industry over t he next two or three years 
and the possibili t,y of some s tabiliHation of the 
wages position during t ha t period. 

The E xecutive aifU'ms in its report that it 
does n ot condone " the action of a sma ll 
minority of the workmen who refuse to recog­
nise the conciliation machinery a nd take strike 
action without, a ny regard to the effect 
of such ~u·tion on their colleagues or the 
action of t,hoHo workmen who fail to accept t heir 
re:;ponsibility under the terms of the five-day 
week agreement by unduly ab~;enting thenu;elvet; 
from their work. , At the ~omme time, t,he 
Executive believes it t o be necessary " to 
remind t he opponents of nationalisation of the 
improvement which has been brought about, 
Ainco the Government, in 194!) unnounced its 
inten t,ion to mttiono.lise the induRLry, and to 
r·emincl l hom that · t,he r·osult ~; of the ('(>lll­
rnining inclURtr.v sinc·e nationnliHatiun point to 
HucreRH." lt i!ol tu l<led t ha t., in HO fur ali (:ri ti c·ism 
of the wor·kin~ oft ho mttchinot·y of the Nn.t.ion1Ll 
( 'oal Buarcl i ~; coneorned, the Exocut ivo htts 
consulted the union area committeeH and . ' mtend8 to make tL supplementat·y rep ort on the 
matter to t he annual conference. 
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French Engineering News 
(From our French Corrupondent) 

R easons for the financial difficulties of the 
nationalised coal mines, although the price of 
coal is relatively high, are given in the report 
issued by the commission sot up on the Char­
bonnages de France in November, 194 7, pre­
sided over by Monsieur W ahl, inspector­
general of roads and bridges. The W ahl repor t 
states that the average index of price compared 
with 1939 was 17 · 5, whereas the cost price 
index was 21. '£he d ifference is mainly due, 
the report says, to t he increased cost of labour, 
the index being 21· 7 against an index of 19 · 6 
for equipment and 15 · 2 for general expenses. 
Out of a sale price of 2880 francs p er ton and 
a theoretical cost price of 2873 francs, labour 
represents 2100 francs. The salary index is only 
13 · 7. however, the labour force having increased 
while output has fallen off. Absenteeism is 
twice as high as before the war, the miners' 
:::tatute preventing action against unjustified 
ab ence::: being taken . 

The Wahl report attributes these abuses to 
authoritarianism, which caused excessive weed­
ing o·ut of skilled men and was far too slow in 
designating councils and directors for mines. 
Importance is attached to the composition of 
these councils. The report proposes that the 
composition sh ould be modified to give more 
representation to independent p ersonalities 
chosen for their competence. It also suggests 
sanctions against absenteeism, and in return 
improved pay for increased output. 

* * * 
An increa e in the value of coal from the 

N ord and P as de Calais ba ins as a result of 
improved washing and sorting is strongly 
advocated in industrial circles. At the moment 
mechanical installations in the basin are among 
the least modern in the country, some being 
over fifty years old. The price of modern 
equipment , it is asser ted, could easily be 
recovered from improved coal prices. In 
January, 1948, out of 3,900,000 tons of coal 
mined in the Nord and Pas de Calais, 1,300,000 
tons were composed of stones which were 
dumped, and tbis figure would have been 
greater had the washing installations of the 
basin been capable of treating all the coal 
mined. In J anuary, 1948, out of 2,600,000 
tons net, 500,000 tons were unable to be treated 
and contained over 20 per cent incombustible 
matter. 

Plans for modernisation are going ahead 
and certain important ins tal1a.tions have already 
been ordered. In from ten to fifteen years it 
is h oped that equipment will b e satisfactory. 
Unfortunately it is not possible to reduce this 
delay as all basins wish to equip themselves 
at the same time and shortage of foreign 
currency makes it impossible to order abroad 
all that French industry cannot produce quickly. 

* * * 
A convention has been signed at Brussels 

hy which the Charbonnages de France will 
participate financially and technically with 
Belgium in future work on underground gasifica­
tion. The first tests made n ear Liege sh owed 
encouraging results, and a. second set of tests 
are to be made. The French mines will par­
ticipate on equal terms with " Socogaz/ ' to 
wh ich a capital contr ibution of 50 million 
Belgian francs is being made. 

* * * 
The main French steel firms have formed a. 

limited c·ompany, the group for the R econ­
stitution of Destroyed Steel Plants and Iron 
.Oi\lines, with a capital of 1,000,000 francs, with the 
object of issuing loans, with tate guarantee, 
to finance expenditure for reconstruction. The 
Administrative Council, presided over by M . 
Louis Charvet, general delegate of the Steel 

hambre Ryndicale. include~ the following 
companie:1 : HautH Fonrneaux, Forges et. 
A<·ieriE's de Denain et cl'Anzin, AcierieR de 
Lon~T\\). 1\Ietnllurgiqne de Normllndie, Aci~ries 
clo HomhttH, Les Peti t -FiJH de Francois de 
\\'endel. J'Uuion deH C'onsommatem·s de Pro­
duits 1\letallurgique:-; et l ndustriels, Ac:ieries 
et F orges de Firminy, Forges de Leval ­
AuJnoye, Mines et Produits Chimiques, Societe 
d 'Errouville. 
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Rail and Road 
THE KWANTUNG COALFIELD.-lt is reported 

from China t hat work was started early in May on 
tho construction of a branch line of the Canton­
Hankow railway to the Kouyatung coalfield in 
the north of K wantung province. K ouyatung is 
said to be one of the richest coalfields in the pro­
vince, containing smfficien t deposit of coal to supply 
power to the Canton -H ankow railway for forty 
year~, in addition to meeting the needs of t he en ti ro 
provmce. 

SUBWAY AT LEICE TER SQUARE STATION.­
London Transport has brought into use a new 
passenger subway at Leicester Square Station. The 
subway, about l OO yards long, links the Northern 
and Picc&dilly lines and will greatly improve inter ­
change between those two lines. Work was begun 
in April, 194 7, with the sinking of a. I OOft deep 
working shaft from street level in Upper St. Martin's 
Lane. Fluorescent lighting has been installed in 
the subway , but because of shortage of materials 
finishing work, such as decorative tiling, will have 
to be delayed. 

RAISING A Bus GARAGE R ooF.-As t he increased 
heigh t of certain modern types of London bus has 
in a. few cases interfered with their accommodation 
in older garages, structural alterations have been 
carried out by London Transport at some of t hese 
garages. An example of one meth od is furnished 
by work recen t ly completed at Palmers Green 
Garage, where the entire roof was raised by lOin. 
The roof, consisting of light s teel trusses carried on 
stanchions superimposed with boarding, slates, 
asbestos and glazing, covers some 4000 yds super, 
and the approximate weight lifted was 300 tons. 
The roof was raised by jacks a.t forty points, with 
a. lift at each jack of lin at a time, in sequence. 
Four jacks were used for this purpose. At each 
lift lin iron packing pieces were inserted a.nd when 
a. suitable height had been reached these were 
x·emoved and stools substituted. After each lift, 
fixing bolts were inserted and tightened, resecuring 
the roof to the bedpla.tes. The work was completed 
in twenty 'weeks, with no interference to normal 
bus services. 

RECONSTRUCTION SOUTH OF THE YANGTZE.­
Reports concerning reconstruction work in China., 
south of the Yangtze River, indicate that on the 
850-mile Canton-Ha.nkow railway, all temporary 
bridges have been replaced by permanent spans 
during the two years since traffic was resumed. 
On t he Chekia.ng-Kia.ngsi railway t raffic has been 
restored on 625 of its 750 miles, and t he remaining 
section will be reopened next month. On the 
Hunan-Kwa.ngsi-Kweichow railway some 605 miles 
have been repaired. Improvement on roads is also 
progressing rapidly with special attention being 
given to the inter -provincial communica t ions. In 
addit ion, the construction of the "Wha.mpoa. Harbour 
near Canton has been pa rtially completed, many 
buildings and wareh ouses having been built. 
Electric power supply is a lso an important part of 
the reconstruction schemes. Work on a. hydraulic 
p ower plant at Wongkiang in nor thern K wangtung 
has started under t he auspices of the Nationa l 
R esources Commission. It will, upon completion, 
supply the power needed by the many cement fac­
tories, sugar refineries, paper mi)ls, textile industries 
and breweries in t hat province. 

Air and Water 

SwEDISH SHORT-WAVE RADIO STATION .- A new 
short-wave radio transmitter has been put into 
operation at Onsala.-Vallda on the West Coast of 
Sweden, and will, it is believed, prove of consider­
able assistance to Swedish ships sailing in foreign 
waters. Tests of the transmitter have given 
favourable results and reports indicate improved 
audibility, especially in regions in the " shade " 
of the Magnetic North Pole, such as the Cariobea.n 

ea and the Gulf of Moxico. 

Am SURVEY IN NORTHERN 0ANADA.-Contracts 
fo r carrying out an aerial survey of 21,700 square 
miles in the area. of t he iron ore deposits in Northern 
Quebec and Labrador have boen p laced with 
the Photographic Survey Company, Ltd., of 
Toronto. The largest of these con t racts covers 
19,650 square miles south of Fort Chimo, Quebec, 
for the Federal Department of Mines and Resources. 
It must be completed during the summer monthA 
and involves the photography of the area at a. scale 
of 2640ft to the inch . Tho results of this a.irbom<' 
exploration work are expected to reveal much 
information about what it is thought m ay be one 
of Canada's richest and most important. mineral 
deposits. 
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Memoranda 

Miscellanea 
BRITISH STANDARDS I NSTITUTION.- The annual 

general meeting of the British Standards Institu­
tion will be h eld on Wednesday, July 21st, at 
:3 p.m., at the Institution of Electrical Engineers, 
Savoy Place, London, W .C.2. 

ALLOCATIONS 011' TIN METAL.- The Ministry of 
Supply announces Lhat final allocations of tin metal 
for t he first half of 1948 have been made by the 
Combined Tin Committee. The quantity of tin 
metal now allocated to meet requirements for t he 
first half of 1948 totals 39,486 long t ons. 

THE L ATE MR. F. H . VAUGHAN.- We have learned 
with regret of the death, on June 24th, of Mr. Frank 
Ho ward V a.ugha.n, chairman and managing director 
of Vaughan Bros. (Drop F orgings), Ltd., Eagle 
Works, Willenhall, Staffs. H e was sixty-one years 
of age, and had been actively associated with the 
business for the past forty-five years. 

WIGAN MINING AND TECHNICAL COLLEGE.-The 
Wiga.n and District Mining and Technical College 
has recently celebrated the ninetieth anniversary 
of its foundation. A souvenir brochure has been 
published setting out the steps that led to the 
establishment of t he college in October, 1857, a.nd 
the progress which it has made through the years. 
The work of the college is now mainly organised 
in depar tments teaching mining and geology, engi­
neering, chemistry, physics, b iology, mathematics, 
building and handicraft, commerce and economics 
and art. 

Cor.tMERCIAL CONDITIONS m TURKEY .-The 
Export Promotion Department of the Board of 
Trade has issued a. report entitled " Turkey, 
Economic and Commercial Conditions, 194 7." 
It has been written by the Counsellor (Commercial) 
to H .M. Embassy at Ankara., and is a. comprehensive 
survey of t he economic and commercial p osition 
of the country. It covers all aspects of finance, 
foreign trade, agriculture, industry and com­
munications, and a foreword mentions the 
tremendous strides made by the young Turkish 
R epublic in the economic and social field. The 
report is published by H.M. Stationery Office, 
price 4s. 

A HAND CLEANING P ASTE.-A very useful hand­
cleaning paste has recently been introduced by 
T. C. Arrowsmith and Co., 31, Addison Gardens, 
London, W.ll . T o clean the hands with this 
preparat ion water is not necessary-and in fact 
must not be used. It is in the form of a thin paste, 
which is applied liberally t o the hands and left 
for a. few seconds . When the paste is then wiped 
off with a dry rag it removes with it all dirt and 
grease and leaves the hands quite clean. W e had 
a. very convincing demonstration with the prepara­
tion, which quickly and completely removed a 
thick, greasy deposit from t he hands with no harm­
ful effects whatsoever. I t is supplied for industrial 
use only in canisters of 14 lb and 20 lb. 

THE ZINC CORPORATION, LTD.-The annual 
report of the Zinc Corporation, Ltd., shows that 
during 1947 the ore milled t otalled 454,053 tons, 
of which 4ll,373 tons were mined from the lead lode 
and 42,680 tons from the zinc lode. It is s ta.teel 
that the average grade of t he lead lode was 16 · 1 
per cent lead, 3 · 5 oz silver, and ll · 2 per cent zinc, 
and that the grade of the zinc lode was 5 · 9 per cent 
lead, I · 3 oz silver and 15 · 2 per cent zinc, thus giving 
a.n average overall grade of 15 · I per cont lead, 
3 · 3 oz silver and 11 · 5 per cent zinc. Lead concen­
t rates produced totalled 86,839 tons, containing 
64,076 tons of recoverable lead and 1,398,458 oz 
silver. The zinc concentrates produced amounted 
to 90,802 tons of an average assay of 51 · 8 per 
cent zinc. 

·• A.l. AT LLOYD's."-A four-reel documentary 
ound film entitled " A. l. a.t Lloyd' , " '\~as shown 

fo r the first time on Thursday of last week at tho 
Ga.umont British Viowing Theatre, London. It 
has been made under the direction of Mr. Ed ward 
Cook, of the Big Six Film Unit, and illustrates ,·ory 
effectively the a ctivities at the James Bridge teel 
Works of F. H . Lloyd and Co., Ltd., Wednesbury, 
Staffs. As well a.s portraying the various processes 
employed by the firm in the production of steel 
castings for a wide variety of purposes, the film 
demonstrates Lhe working of the joint consultat ion 
t·ommittees. which have been established at the 
,) a.mes Bridge works. Tt i stated that in the past 
six month.<~ the firm's output of ca.sting::J has m­
<·rea.sed by ovor :w per cent. At the conclusion of 
Lho film, tho Minister of upply, Mr. G. R . tra.w.~. 
congratulated Mosses. Lloyd on its production, 
and also upon the notable contribution which the 
.firm wa.s making Lo tho work of t he Brit.ish steel 
industry. 
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Forthcoming Engagements 
Set~rflat'W of lmtitulio-M, St>oUliu, &:c., duirOtU of 

hooing noeic:u of muting• in~~rUd in ehu column, are 
requMI-ed eo nou th<U, in ordM to male~ .ure of eMir inderlton, 
eM MC&tlary information 1hould reach thi• ojJiu on, or 
before, tM morning of tM Monday of the week preculing 
IAe meeting1. In all CGIU IM TJKill and PLAOlt at which 
tht meeting w eo be held •hould be ckarly IIGUd. 

AIIOCiation of Bnlldlnl Technicians 
Monday, July 12th.-Committee Room 140, L .C.C. Coun­

ty Hall, S.E.l. " P le.n.ning and Reconstruction in 
Poland," Arthur Ling. 6.30 p.m. 

Auociation of Supervising Electrical Engineers 
Tuesd4y, J uly l3th.-SOUTII WEST LONDON BRANOR : 

Oompton Hall, Wimbledon. "The 13A Plug and 
the Ring Main," A. Amberton. 8.30 p .m. 

Wednesday, July l4th.-BRADFORD BRANOR: Midland 
Hotel, Bradford. " Electric Lifts from a. Mainten­
ance P oint of View," C. Rhodes. 7.30 p.m. 

British Standards Institution 
Wednesday, July 2l8t.-Institution of Electrical Engi­

neers, Savoy Place, Victoria. Embankment, W .C.2. 
Annual General Meeting. 3 p.m. 

Incorporated Plant Engineers 
Thur~day, July l6th.-LIVERPOOL BRANOR: Liverpool 

Engineering Society, 9, T he Temple, D ale Street, 
Liverpool. "The Blackpool Tower," G. W. Foster. 
7.30 p.m. 

Wednesday, July 28th.-WERTERN CENTRE : Visit to 
Swindon Works of British Railways. Assemble 
2 p .m. 

Institution of OivO Engioeers 
Wtlinuday, Ju'(,y 14th.-BIRML"{GBAM AND DISTRICT 

AsAOOlATION: Visit to the Derwent Va.lley. 
8.45 p .m. 

Institution of Electrical Engineers 
Satwrday, J utp 17th.-SOOTB MIDLAND STUDENTS 

SEOTION : Summer Outing. Depart Hall of Memory, 
Broad Street, Birmingham. 8.30 a.m. 

Royal Institution o! Chartered Surveyors 
Wednesday, July 28th.-Instit.ution of Civil Engineers, 

Great George Street, S. W . 1. Discussion on " The 
Central Land Board." 5. 30 p. m. 

Technical Reports 
" Interim Report on tM First Seriu of T ests on 

Formulated Priming Paints for Structural Steelwork 
(RJ 28)." By J oint Technica.l Panel J /PI. , 
P aints for Structural Steelwork. December, 1946. 
Copies are available from the British Iron and 
Steel Research Associa.tion, 11, Park Lane, London, 
W .l.-Extensive recent developments in the ranges 
of media and inhibitive pigments ava.ila.ble for the 
preparation of priming paints have considerably 
influenced anti-corrosion researches on iron and 
steel. Some interim details of such work by the 
Protective Coatings Sub-Committee of the Iron and 
Steel Institute and the British Iron and Steel 
Research Association are given. This work is a 
natural sequel to the Sub-Committee's previous 
investigations on the importance of careful prepa.ra.­
tion of steel surfaces prior to paint application. 

A panel was set up by the joint Sub-Committee 
in collaboration with the Nationa.l Federation of 
Associated Paint, Colour and Varnish Manufac­
turers of the United Kingdom, the Society of 
British Pa.int Manufacturers, Ltd., and the Associa­
tion of Manufacturers of Bituminous Protective 
Products, Ltd. This joint technical panel is testing 
100 formulated priming paints, suitable for brush 
application, by exposure on steel plates. A 
standard finishing coat was a.pplied, and t he 
exposure tests were duplicated in an industrial 
atmosphere (Derby) and a marine atmosphere 
(Brixba.m). 

Twelve experimental binding media. and twelve 
djfferent pigments are under investigation. Care was 
taken to ensure that all the paints were prepa.red 
under conditions approximating as closely as possible 
to large-scale production and that they were applied 
to steel specimens in typical and standardised 
states of surface preparation. In order to give the 
maximum practical bias to the results, considerable 
importance was attached to conducting tests on 
weathered and wire-brushed steel carrying millscale. 

The tests will not reach their first sta.ge of com­
pletion until later this year, but after six months 
certain interim observations were made. These 
interim results indicate that, when considering 
the effect of this formulation of a priming paint 
on the protective value of a painting scheme, due 
regard must be paid to the factor of paint film 
thiclmess, i.e., the behaviour of any given painting 
scheme must be considered in relation to the average 
performance of other schemes of the same thiclmesa. 
Even with skilled application of the paint under 
good conditions, the specimens concerned showed a 
variation in paint film thicknesa between 50 and 
120 microns, though 50 per cent of the specimens 
fell between 60 and 80 microns and over 40 per 
cent between...,80 and lOO microns. Assesaments 
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of the deterioration of the specimens based on 
blistering, flaking and rusting show that there ia 
a distinct correlation between the average per­
formance of a group of painting schemes and their 
average paint film thicknesa. 

Another variable is introduced by the difficulty 
of reproducing standardised degrees of descaling 
on the surface of a large number of steel specimens 
prepared for painting by weathering and wire­
brushing. As a result of experience in this teRt 
series, the panel ha.s made certain alterations in the 
experimental procedure which should reduce these 
variations and also the variations in paint film 
thickness mentioned above. 

Another interesting interim observation con­
cerns the comparative ra.tes of deterioration of 
the paints at Brixha.m and D erby. Although the 
average paint film thicknesa at Brixha.m (fi2 microns) 
is slightly greater than that at Derby (47 microns) 
it appears that up to six months the rate of deteriora­
tion is more rapid in the marine than in the indus­
trial atmosphere. This observation is confirmed 
when the merit figure in each case is correlated 
with paint film thickness. 

Codes of Practice 
TM Oodu of Practiu OommitUe for Civil Engineering, 

Public Works and Building and Oomtructional Work i8 
under the mgill of tM M inutry of W ork8. Oodu are 
usued on behalf of the Oommitue by tM Britiah Standards 
Imtitution, 24-28, Victoria S trut, L ondon, S. W.l. 

MAGNESIUM OXYCHLORIDE FLOORING 
Code 204.107. The Codes of Practice Committee 

has issued for comment Code 204.107, which ha.s 
been prepared by a. committee convened by the 
Royal Institute of British Architects, and deals 
with magnesium oxychloride flooring, one of the 
types of flooring commonly known a.s " jointless." 
Magnesium oxychloride flooring material is described 
as essentially a mixture of magnesia with various 
inert fillers and pigments, gauged with a solution 
of magnesium chloride. The fillers consist of saw­
dust, wood.B.our or ground silica and sometimes a 
portion of talc, asbestos or sa.nd. A small portion 
of bitumen in the form of an emulsion is incorporated 
in certain compositions. The suitability of mag­
nesium oxychloride flooring is considered in relation 
to the conditions in which it is likely to be used. 
The main characteristics of the flooring a.re fully 
discussed and the precautions required to avoid 
deleterious effects with adja.cent materials are 
presented. The Code is in dra.ft form and subject, 
before final publication, t o amendment in the light 
of comments received. Comments are invited and 
should be submitted by August 14, 1948. Copies 
may be obtained from the British Standards 
Institution, 24-28, Victoria Street, London, S.W.l, 
price 2s. post free. 

BROADCAST RECEPTION : SOUND AND 
TELEVISION BY RADIO 

Code 327.210. This Code has now been issued 
as a draft for comment. It was prepared on behalf 
of the Codes of Practice Committee by a committee 
convened by the Institution of Electrical Engineers. 
It deals with the basic requirements for good 
reception both of sound broadcasting on all wave 
bands, and of television broadcasting. I t applies 
only to installations for use in temperate climates 
and is primarily intended for the servicing of new 
buildings, although much assistance will be obtained 
from it where existing buildings are to be equipped. 
The need is stressed for early liaison between all 
contracting parties so as to ensure that the ' type 
of apparatus required, its accommodation and the 
arrangement for wiring are satisfa.ctory. The 
design section of the code dea.ls fully with aerial 
systems, the siting of aerial, earth connections and 
p ower supply, and recommendations a.re given 
on these matters as applicable to different classes 
of building. The causes of electrical interference 
between various classes of telecommunication 
circuits, or between other circuits and t elecom­
munication circuits, are examined. Advice is 
given for reducing this trouble and for minimising 
the risk of dangerous volta.ges arising on telecom­
munication circuits. A sub-section on structural 
accommodation gives guidance on the requirements 
in buildings for cabling and wiring in vertical and 
horizontal runs and on the space needed for central 
equipment and the accommodation of apparatus 
at the individua.l points. Information is given on 
delivery and storage of equipment and appara.tus 
for new buildings and its location on s1te, with 
advice on t he installation of aerials, lead-in, 
and cabling and wiring (internal and external). 
Recommendations are made on inspection, tosting 
and maintenance, and there are comprehensive 
appendices on t he segregation of electrical circuits 
and on various types of cables and wires. 

Comments, which are invited, should be submitted 
by July 24th. Price 5s., post free, proof reference 
CP/B/743. 

July 9, 1948 

Personal and Buaine11 
MB. W. F. SAXTON, chief engineer of Armstrong 

Siddeley Motors, Ltd., has been appointed a director 
of the company. 

MR. L. E. V AN MoPPES has been appointed an 
honorary vice-president of the Engineer-Buyers 
and Representatives Association. 

MB.. G. E. RIOHA.RDS, A.M.I.Mech.E., has been 
appointed sales manager of the railway division of 
the Pressed Steel Company, Ltd. 

GooDMANS INDusTRIES, Ltd., Lancelot Road, 
Wembley, states that its telephone number has 
been changed to Wembley 1200 (8lines). 

THE HoFll'MAN MA.NUFAOTURING CoMPANY, Ltd., 
has opened a new branch office at 50, The Wicker, 
Sheffield, 1 (teleph one, Sheffield 20246). 

DR. J. H. PATERSON, F.R.I.C., has been elected 
President and Mr. 0. V. S. Bulleid, M.I.Mech .E., 
a. Vice-P resident, of the Institute of Welding. 

MR. G. E. BEHARRELL, managing director of 
Dunlop, Ltd., has been elected president of the 
Federation of British Rubber Manufacturers' 
Associations. 

BRITISH INSULATED CALLENDER'S CABLES, Ltd., 
announces that its publicity department is now at 
21, Bloomsbury Street, London, W .C.l (telephone, 
Museum 1600). 

MR. H. R . HUMPHREYS has been appointed 
assistant to t he general manager of the repair work 
of Ha.rland and Wolff, Ltd., with headqua.rters at 
the London office, 9, Whitehall, S.W.l. 

BAYLISS, JoNEs AND BAYLISS, Ltd., announces 
the following appointments : Mr. J . Irving, works 
manager; Mr. H . P. Denny, chief engineer, and 
Mr. E. J. Page, b olt works manager. 

HAWKER SIDDELEY Amo:&AFT CoMPANY, Ltd., 
states that its name has been changed to Hawker 
Siddeley Group, Ltd. Its headqua.rters remain at 
18, St. James's Squa.re, London, S.W.l. 

T Bl!: LONDON MIDLAND REGION, BRITISH Rur.­
WAYS, announces the appointment of Mr. J . 
Dearden as chief metallurgist in the scientific 
research manager's department, Derby. 

Sm JOHN DALTON, formerly general manager 
and director of the County of London Electdc 
Supply Company, Ltd., has been appointed a 
director of the Cable Makers• Association. 

MR. HowARD S. CaUMP has been appointed mana­
ger of the Liverpool branch of the Brightside 
Foundry and Engineering Company, Ltd., in 
succession to Mr. W. Cla.re, who is retiring on account 
of ill-health. Mr. Clare is also retiring from the board 
of the company. 

Tl!E BRITISH ELECTRIOITY AUTHORITY states 
that t he headqua.rters of its London Division will 
be established as from July 19th at Ergon House, 
Horseferry Roa.d, S.W .l, and that t he accountant's 
department will be tra.nsferred to Aldwych H ouse, 
Aldwych, W .C.2. 

TIIE Ru:aEROID CoMPANY, Ltd., announces the 
retirement, after thirty-eight years' service, of Mr. 
0 . M. Proudlock-Dunbar, director and fa.ctory 
manager. He will continue to act as technical 
consultant. Mr. Stewart Proud.lock has been 
appointed fa.ctory manager. In view of his 
infrequent visits to this country, Mr. H . Abraham 
has resigned from the boa.rd of the Ruberoid Com· 
pany, Ltd. His place is to be taken by Sir 
Geoffrey D . Burton. 

Contracts 
THE BRUSH ELECTRIOAL ENGINEERING COMPANY, 

Ltd., has received a.n order from Umfolozi Co­
operative Sugar Planters, Ltd., of South Africa., 
for a. 2500-kW turbo-alternator set for their suga.r 
mills at Umfolozi. The set is to operate with steam 
at 150 lb per squa.re inch and 520 deg. Fah. at the 
turbine stop valve. 

UNITED KINGDOM TIN PosrTION.-The Ministry 
of Supply states that at Ma.y 31st its stocks of tin 
metal amounted to 5177 tons a.nd that consumers' 
stocks totalled 3005 tons. Stocks of tin ore in t he 
United Kingdom on the same date are reported to 
have been 5162 tons. 

NoN-FERROUS SCRAP METAL PRIOES.-The Mini­
stry of Supply announces that owing to the disposal 
of stocks of non-ferrous scrap metals, the items in 
the list published on January 29th, with the excep­
tion of thoso specified below, are no longer available 
at fixed prices. The following materials are still 
available at the prices listed : zinc alloy die cast 
scrap , £70 p er ton ex works ; brass S.A.A. muffied 
andfor mechanically treated cases, £100, and brass 
broken down fuse scrap 60/40, £93 per ton ex 
works. All other items are deleted from the list 
and any remaining stocks or future arisings of the 
deleted items will be offered for sale by competitive 
tender from time to time. 

• 
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