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New Models — New ldeas
New Mechanisms

The 1934 edition of the Meccano Book of New Models is the most wonderful book
of its kind that we have ever published. It is brimful of new models, new

mechanisms and new ideas. Every Meccano boy should obtain a copy now !

The principal object of the book is to keep Meccano model-builders in touch with
the latest improvements and developments connected with their hobby. lllustra-
tions and details of the best of the new models and new movements submitted iIn
recent competitions, together with others that have been designed by our own
experts are included. The models shown are of cutstanding interest and variety.

Make sure you get this fine book. S5ee your dealer about it to-day.

HOW TO OBTAIN THE BOOK

The Meccano Book of New Models may be cbtained from any Meccano dealer, price 9d., or direce
from Meccane Ltd,, Binns Raad, Liverpool 13, price 101d, post free. In the latter case a postal order
or stamps should be sent, and the name and address of the sender should be clearly written.

OVERSEAS ORDERS

Supplies of the Meccane Book of New Models have been despatched to our colonial agents to fill
orders received. The Australian price is 1,/9 {rom dealers, or 1/11 from our agents ; the New Zealand
and South African price s 1 /- irom dealers or 1/2 from our AECNLS | and the Canadian £5 cents trom
dealers or 30 cents from our branch at lToronto. The names and addresses of our agents in these
countries are given below. Readers ||'-.'lﬂg in countries other than those mentioned should order
fram Meccano Limited, Binns Road, Liverpool 13, sending a remittance of 1/2 with their orders

OVERSEAS AGENCIES

ALUSTRALIA : E. G, Page & Co., 32, Clarence Street, Sydney (P.O. Box 1832k).

NEVW ZEALAND @ Models Limited, PO. Box 129, Auckland C.1.

SOQUTH AFRICA @ Arthur E. Harris, 142, Market Street, Johannesburg (P.O. Box 119%
CANADA Meccano Led,, 34, 5t. Pactrick Streer, Toronto.

BOOK OF NEW MODELS
1934-5 Edition. Now Ready—-Price 9d.

STEAM
ENGINE

ELECTRIC °
HORN

MECCANO LITD. BINNS ROAD LIVERPOOL 13




NEXT MONIH :

MAGAZINE

Editorial Office :

Binns Road

Liverpool 13

England

"ENGLAND'S GREATEST BELLS.”

PUBLISHING DATE : 30th

------------------------------------------------------------------------------------

1"'...;'11. XI}'\F Nf‘l. 6

June, 1934

With the Editor

Meccano Aids Scientific Research

All my readers are aware of the many remarkable purposes
for which Meccano has been employved by engineers, inventors
and scientists. lPormerly an engineer or an inventor who wished
to try out a new i1dea in mimature form before launching on full-
scale rqu'rnt‘innu was oblized to make, or have made for him,
special parts in wood or metal. 1This was a laborious and costly
]’I'TI'J'L'L"":-""-« -I"{l I"E'lll'l{ Hftf."l'l l]'l'L‘ lil}I'I'II'I-I'Il tlil [‘rrtrlw FIT'IH {,‘{l ]ﬂ ‘thh f"nll
to be useless on account of some flaw in the scheme. In such
cases these speciallv-made parts had to be thrown away because
they were of no use for anv
other purpose. Meccano has
altered all this by prowviding
ready-made parts with which
almost any mechamcal move-
ment can be reproduced, and

which remain available for
further experiments 1if a
scheme turns out to be un-
sound.

The rtemarkable Meccano

mechanism described on page
142 of this 1ssue 15 a striking
example of the manner In

which Meccano can assist the
scientist. Some time ago
Professor Hartree of Man-

chester University determined
to try to reproduce the
movements of the Differential
Analyser, a wonderful machine
designed by Dr. V. DBush,
a well-known American elec-
trical engineer. 'This machine
auntoms: 1t|L.1lh solves complex

mathematical problems with
uncanny speed and accuracy,
and Professor Hartree's pur-
pose was to investigate 1ts

Are Thinking Machines Possible

The triumph of the Bush Differential Analyser dnd of 1ts Meccano
counterpart seems to me to mark an important stage in the de-
velopment of machines. This development originated in attempts
to replace muscular effort by mechanical power. Durnng many
centuries steady progress was made 1n this direction by means ot
power developed by harnessing wind and water, and then came an
enormous stride forward with the introduction of the steam engine

More recent developments in the form of electricity and of internal
combustion engines have carried the wave of progress still further,
and to-day machinery 1S
employed in transport and
industry to such an extent
that we have becun to look
forward to the time when
practically all the world's

work will be done mechanic-
ally.

Machines have even In-
vaded the ofhce, and to-dav
they play an mmportant part
in  occupations that until
recently were thought to be
beyvond their range. The
first of the invaders was the
typewriter, which has been
adopted on a world-wide scale
and has completely trans-
formed office work. The
typewriter was followed by
duplicators  that  produce
copies of orniginal documents
at high speed, and by tabu-
lating and accounting machines
that may be described as
super-clerks, for they add,
subtract, multiply and divade

“‘1

figures supplied to them,
and even sort these out n

working and to demonstrate such a manner as to produce
its uses. Meccano had pro- any desired result i1n the
vided him with many happy  Dr. V. Bush of the Massachusetts Institute of Technology, Cambridge, U.S.A., watching most convenient form. They
hours when he was a boy, the operation of the Differential Analyser, a wonderful machine he has designed for speedily carrv out their complicated
and had been of great assist- Solying miricate malil_:ﬁ:;iﬁﬁigr?ﬁlfﬂs'muiﬂ:Irf:IEE;;‘EE“;;T;;EE?“Echine in Meccano 4., 5ks in a much shorter time
ance to him on many more than would be reguired by

recent occasions. Naturally, therefore, he used Meccano parts
for the building of this new machine, and the result surpassed
his expectations, for the mechanism he constructed was capable ol
carrying out similar work to that done by the original machine.

The Differential Analyser constructed by Professor Hartree
illustrates one of the most wvaluable features of the Meccano
system, namely, its infinite elasticity. 1lhe onginal American

machine is built up of a number of units, each playing its own part
in the intricate process of solving the difficult mathematical
problems with which 1t i1s designed to cope ; and its range can be
extended almost indefimitely by the addition of further units.
The elasticity of Meccano has made 1t possible for the model to be
built up and extended step by step to adapt 1t to new problems.
The results that Professor Hartree has already achieved with the
model 1in his research work are sufhicient in themselves to justify the
claim that it represents the most remarkable scientific application
of Meccano parts that has yet been made.

human clerks, and are so accurately constructed that they are
practically free from error.

I sometimes wonder if there i1s any limit to the powers of
machinery. The machines I have just mentioned are specially
:tfhl]}tf:*d for the repeated performance of certain operations.
1his 1s true also of the Differential Analyser, but it seems to
me that this machine 1s capable of something that approaches
actual *“ thinking,” along the hnes laid down for i1t by its designer
Thinking machines play an important part in fantastic stories
of the future, and writers have even imagined contrivances that
could interpret the thoughts of their controllers and pass these
on to beings of a different type in a form that is intelligible to
them. Many of the strangest things of fiction have already become
realities, and it would be rash to prophesy the impossibility ot pro-
ducing machines capable of processes equivalent to a mechanical
type of thinking. ‘lruly creative thinking of course will always
remain beyond the power of anvy machine.
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RONM time to time examples have been given in the "M .M."" of
the readiness with which the most complicated mechanisms
can be reproduced in Meccano, An excellent instance of this

1s the wonderful astronomical clock described on page 170 of our
issue for March, 1933, which automatically gives a wealth of
interesting and useful astronomical information. More recently
Meccano has been used in the construction of a remarkable machine
that solves in a few minutes complicated equations that otherwise
could only be dealt with by laborious calculations occupying
many hours. The original of this model i1s a machine known as
the Differential Analyser that was developed by Dr. V. Bush,
Vice-President of the Massachusetts Institute of Technology,
Cambridge, U.S5.A. In constructing this machine, which at present
1s the only one of its kind in the world, Dr. Bush's purpose was to
shorten the labour of
malking calculations from
the complicated equa-
tions met with 1n working
out problems in electrical
and other branches of
engineering, and also 1n
physics and astronomy.

The solution of these
equations is often diffi-
cult, and the kind of
arithmetical work in-
volved 1s not well known,
and 1s prolonged and
wearisome. PFurther,
human calculators are
liable to error, especially
im carrying out long
series of stmilar calcula-
tions such as are often
necessary i work of
this kind. lhese dith-
culties are avoided by
the use of the machine.
In a few hours it can
be set to provide solu-
tions ifor equations of
astonishing complexity,
and then accurate results
can be obtained from it
im a convenient form
in a few minutes.

A egeneral view of the
Differential Analvser is
given in the upper illus-
tration on the opposite
page. It has been de-
scribed as one of the most comprehensive pieces of mathematical
machinery ever built, but in spite of its formidable appearance
it 1s really simple in construction,
units that mechanically add, subtract, and carry out other and
more complicated mathematical operations, and by adding more

units 1t can readily be enlarged to deal with problems of increasing

complexity. As a matter of fact it grows so continuously that
its designer has expressed the opinion that it will never really
be complete.

Ihe most important mathematical operation that the machine

carries out distinguishes 1t from other kinds of calculating machine,

and makes 1t unique 1n the range and complexity of problems to

which it can be applied.
example.
we have a record of its speed at each moment from the start.
record might be in the form of a graph showing how the speed
varied with the time from the start; in handling the problem by

1'his operation can best be explained by an

the Differential Analyser the information actually would be

supplied to it in the form of such a graph. From this information
we require to know how far the car goes in, say, two minutes.

We can find this approximately by dividing the period of two

minutes into smaller intervals, for example into 12 intervals of 10
seconds each ; and by imagining that the speed remains constant in

O O

It consists of an assembly of

Suppose that a motor car 1s starting from rest, and that
T his

Machine Solves Mathematical Problems
A Wonderful Meccano Mechanism
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Professor D, R. Hartree and Mr. A. Porter, of the Department of Mathematics, The University, Manchester,

with a wonderful Meccano mechanism they have constructed to solve complex mathematical problems.
This mechanism is a reproduction on a smaller scale of the Bush Differential Analyser illustrated on the

opposite page, and a simpler form of it is illustrated at the top of page 444.

cach interval, then suddenly changes to another constant value in
the next interval, and so on. lThus we can find the distance
travelled 1in each period by multiplying each time interval by the
supposed constant speed corresponding to it, and finally add up the
distances travelled 1n successive intervals to find the total distance
covered.

1he result will be only approximate, because the speed actually
1S not constant 1n each interval, as we have imagined it to be.
The error on this account can be decreased, however, by dividing
up the period into smaller intervals, say 24 of five seconds each, or
60 of two seconds each, etc., until the variation of speed in each
interval becomes too small to matter. By taking small enough
intervals an accurate result can be calculated, however rapidly
the speed wvaries during the total period concerned.

1 he mathematical
operation in which the
distance traversed 1s de-
rived from the speed,
which 1s regarded as
known, 1s technically
called * integration — ;
and the essential feature
of the machine 1s that 1t
incorporates devices call-
ed ‘‘integrators’ for
carrying out this opera-
tion mechanically. How
an integrator works will
be described later.

This operation of
integration arises in the
working out of the most
varied problems, 1N
astronomy, physics,
chemistry, and engineer-
ing, and the scope ot
problems that can be
investigated by  the
machine is correspond-
ingly wide.

In the centre of the
machine is a set of
longitudinal shatts,which
in our illustration can be
seen running from the
lower left-hand corner
towards the right-hand
upper corner. These
shafts can be geared to
each other so as to
rotate at various relative
speeds, and the rate at which each turns represents a term 1n the
equation for which a solution is required. The manner in which
they are geared depends on the relation between the terms. IFor
instance, if any two terms are to be added together, the shafts
representing them are connected with a third by means of differ-
ential gearing designed to make the third shaft turn at a speed
representing the sum of the speeds of the shafts driving 1t. More
complicated relationships are worked out through special devices
such as the integrators already mentioned, which can be seen on the
right of the longitudinal shafts ; and others known as input tables,
which are on the left. Both devices are driven by means of
cross shalfts.

When the necessary connections have been made, one of the
shafts 1s driven by an electric motor, and in turn drives the other
shafts, each at its appropriate speed. When this is done, the speed
of the shaft representing the term of which the value is to be found
then gives the required solution. Iror the type of equation dealt
with on the machine, the kind of result most usually required 1s
not a single number, but a series of related numbers. For example,
in the case of the motor car already considered we wished to know
the distance the car travelled in two minutes. 1o complete our
information, however, we require to know how far the car goes
in three, four, five, or any other number of seconds. The machine
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The Bush Differential Analyser at the Massachusetts Institute of Technology, Cambridge, U.S.A. This machine is illustrated also on page 441. / ‘ .
Below are the output (left) and input tables of the Meccano reproduction of the machine described in this article.

of Dr. V. Bush for our photographs.

provides this solution in a very ingenious manner, for the shaft
representing distance travelled—the solution of the equation—is
made to drive through cross shafts a pencil that moves across a sheet
of paper pinned to a board, and this itself is moved at right angles
through similar gearing connected to the longitudinal shaft repre-
senting time. Thus the pencil draws a curve that shows how
the distance travelled increases with the time, and this 1s the
solution to the eqguation.

The board on which this curve is drawn is called the output table,
and in our photograph of the machine is shown on the right of the
horizontal shafts. 1f the pencil were driven from a shaft represent-
ing the distance travelled by the car, the curve drawn then would
enable the distance at any instant to be found, and the machine can
readily be adjusted to give solutions in alternative forms as may be
desired. In practice curves for two quantities concerned in the
solution can be drawn by using two pencil carriages.

The Meccano model of this ingenious machine was designed and
constructed by Professor. D). R. Hartree, F.R.5., of the Department
of Mathematics, The University, Manchester, and Mr. A. Porter, and
is shown in the upper illustration on page 444. It was built for the
purpose of demonstrating the principles on which the Bush
Differential Analyser works, but it turned out to be more than a
demonstration model, and to be capable of solving many equations
with a considerable degree of accuracy. It is simpler than the
original, but has just the same flexibility, and its range of operations
can be increased by the addition of new units. Professor Hartree 1s
finding 1t of great value in connection with his researches on electrical
| problems
connected
with the
constitution
of the atom,
and thus
Meccano 18
playing an
important
part In an
interesting
field of
scientific

WoOrlk,
As will be
seen from

the illustra-
tion on
page 444,
the general
layout
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We are indebted to the courtesy

of Professor Hartree's model is similar to that of the Bush machine.
The shafts consist of Axle Rods joined where necessary by means of
Couplings in order to provide the necessary length. lhese shaits
are journalled in holes in suitable positions in 33" x 24" Ilanged
Plates screwed to thc table, and drive the cross shafts, also consist-
ing of Axle Rods, by means of §* Bevel Gears. A 6-volt Meccano
Electric Motor is employed to drive the shafts, and this, together
with its transformer, can be seen on the right of the photograph.

The output table of the machine is shown in detail in the left-
hand lower corner of this page. The pencil that draws the output
curve is supported by a carriage, built of Meccano parts, that moves
along two Axle Rods that support it and are fitted 1n a framework ot
Girders bolted to 31” x 2}” Flanged Plates screwed down to the
table. This is moved by the rotation of a Screwed Rod that passes
through a Threaded Crank fixed to the carriage, and is fitted with
Collars where it passes through the Flanged Plates so that it cannot
move along its length. The Screwed Rod i1s driven by §" Bevel
Gears from a cross shaft, which is similarly driven from the main
shafts ¢f the machine.

The output table is moved at right angles to the direction followed
by the pencil. The drive from the appropriate main shaft is
transmitted to it by a Screwed Rod passing under 1t through a
Threaded Crank bolted to an Angle Girder screwed to the under side
of the table. A second pencil carriage is provided, as in the original
machine. The additional cross shaft can be seen on the left,
below the first one.

The input table of the machine is shown in the right-hand lower
corner ct
this page,
together
with a part
of the longi-
tudinal

shaft svs-
tem that
nas been

d1sconnect-
ed from the
rest of the
machine for
convenience
in obtaimning
a photo-
eraph. Its
purpose 1s
to enable
two shafts
connected
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to 1t to be rotated at speeds that vary continuously relative to each
other. To enable this to be done, a curve to represent the required
relation 1s drawn on paper pinned to the table, which moves in a
direction at right angles to the longitudinal shafts, and is driven in a
similar manner to the output table. A pointer on a moving carriage
similar to those already described is kept as nearly as p:::sslble on the
curve by turning the Bush Wheel, provided with a T hreaded Pinas a
handle, shown on the right. The motion is transmitted to the
pointer by {” Bevel Gears and a length of Screwed Rod, and the
appropriate speed is communicated to one of the shafts in the main
assembly to which 1t 1s geared. Thus the two longitudinal shafts
concerned are rotated at their correct relative speeds when the
machine is in operation.

In solving the complicated equations for which the machine is
designed 1t 1s necessary to connect longitudinal shafts together in a
more complex manner
than the use of an input
table allows, Three
shafts are concerned in
these cases, the rate of
rotation of one depend-
img on that of the second
and on the total rotation
of the third. The connec-
tion 1s established by
means of the integrator
This 1s the round hori-
zontal disc shown in the
illustration of the
machine, and in the
lower 1llustration on this
page, on the upper sur-
face of which rolls a
wheel that can rotate
about a horizontal axis.

To the under side of
the horizontal disc is
screwed a Bush Wheel,
into the boss of which 1s
fitted a 37 Axle Rod.
This rod is journalled in
bearings 1n a carriage
that can be moved along
rails. The disc is supported by a Rail Bearing that also forms part
of the carriage, and the whole carriage can be moved along the rails
by the rotation of a Screwed Rod that passes through a Threaded
Crank fixed to the carriage.

The disc can also be rotated about its own axis in any position of
the carrage, and during the motion of the carriage ; this is achieved
by the special form of drive shown in the illustrations. The cross
shaft from the appropriate ]ungltmluml shaft is journalled at its
outer end 1n one of the holes in a 41” x 24" Flat Plate held vertically
by bolting it to a 4%” Angle Girder screwed in the table. On the
outer side of the Flat Plate it carries a pinion that indirectly drives
a, O7-teeth gear wheel, in two opposite outer holes of which are Axle
Rods firmly fixed to it by means of Collars. There is a similar
arrangement at the opposite ends of the two Axle Rods, giving an

dqaemh]y that turns as a unit in obedience to the drive of the
cross shaft.

At the head of the page is the Meccano reproduction of the Differential Analyser in its earliest form, from
which the mechanism shown on page 442 was developed by the addition of new units. The lower illustration

shows one of the integrators of the model. These photographs and those at the foot of page 443 are repro-
duced by courtesy of Professor D. R. Hartree.

ey

"
- W

The two Axle Rods pass through the holes of a Double Arm Crank,
which of course turns with them. ‘T'he shaft that actually drives the
rotating table 1s secured to the boss of the Double Arm Crank by
means of a set screw, and passes freely through the boss of one of the
o/-teeth Gear Wheels, as shown 1n the illustration. As the position
of the carriage changes, the Double Arm Crank moves along the
two Axle Rods, and “thus there is no interruption to the turning
movement given to 1it.

1The combination of the two movements described has to be
communicated to one of the horizontal shafts. "This is done by
means of the Bush Wheel that rests on the rotating table, and is
turned by it. The speed at which the Bush Wheel turns depends
on the rate at which the disc 1s turning, and also on its distance from
the centre ot the table. 1The actual position of the Bush Wheel is
fixed, so that if the disc 1s turning at a constant rate, and the
carriage on which it 1s
mounted i1s moving, the
speed of rotation of the
Bush Wheel varies con-
tinuously, and this rota-
tion 1s communicated to
one of the longitudinal
shafts of the machine by
means of a cross shaft
and Bevel Gears,

1he torque, or turning
power, of the Bush
Wheel 1s very small ; and
mm itselt 1s far from
sutficient to drive the
longitudinal shaft to
which 1t 1s connected. Its
eftect therefore is multi-
phied by means of a
special device that acts
on the capstan principle.
In this a rotating pulley
i1s made to grip a rope
given two or three turns
round 1t by simply pull-
g at the free end of the
rope, which tightens the
turns and gives sufficient
grip for the turning power of the capstan to take eftect. 1he device
that applies this principle in the model is shown 1n the upper illus-
tration on this page, 1n the centre of which can be seen the large
motor that provides the power required to drive the cross shaft
that 1s controlled by the Bush Wheel.

In the Difierential Analyser constructed by Dr. Bush there are six
immtegrating umits, lhere 1s only one such unit mm the model
described 1n this article, but Professor Hartree and Mr, Porter have
constructed a new model, illustrated on page 442, in which there are
three. A full-sized machine now under construction {for the
Umversity of Manchester will have eight integrators. '1his machine
1s being built by the Metropolitan Vickers Electrical Co. Ltd., and
when completed will be the only one of its kind in E I‘l“ldl‘lﬂ, and
one of the first two, if not actually the very first, in Europe.

We are greatly indebted to Professor Hdrtree, F.R.S., for
valuable assistance in the preparation of this article.
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How Things Are Made

A Modern Centrifugal Pump
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common with nearly all other engineering products, pumping

progress that has been made
lies to the credit of the
Pulsometer Engineering
Company Ltd., Nine Elms,
Reading, a firm that was
started over 55 vyears ago
for the manufacture of the
" Pulsometer "' steam pump.
This  latter is a peculiar
type of pump that works
on the same principle as
the human heart, the alter-
nate expansion and con-
traction of steam n two
chambers of the pump
sucking 1n water and push-
ing 1t out at the delivery

branch. About 1890, how-
ever, the coming of the

electric motor gradually
gave centrifugal pumps the
ascendency over all other
types, and although the
* Pulsometer” steam
pump 1s still 1in extensive
use, the centrifugal pump is
now the most widely em-
ploved.

A centrifugal pump con-
sists of a chamber 1nside
which a bladed wheel or
impeller, very similar to a
turbine wheel, revolves at
high speed.

Much o

R

N
I machinery has been greatly improved both in design and
methods of production during the last 50 vears.

f the

1he water 1s drawn in through a suction pipe, which

divides so as to enter the pump impeller on each side. The water

rotating 1n the pump wheel passes outward, and if the speed is
sufficient a continuous flow is maintained through the pump

chamber and into the discharge
pipe. The water thrown off by
the impeller with a high swirling
velocity is allowed to continue
rotating in a chamber somewhat
larger than the pump where the
energy of the swirling water is
ntilised instead of being wasted in
useless eddies in the discharge pipe.

The action of a centrifugal
pump may be easily understood by
considering for a moment an
everyday example of centrifugal
force, mnamely, a stone swung
round at the end of a string. The
rotating force supplied by the
hand causes the stone to whirl
round at high wvelocity, and the
faster 1t travels the greater be-
comes the tension, or centrifugal
force, on the string, so that if the
string 1s released the stone will fly
sharply off at a tangent.

In a centrifugal pump the
impeller  supplies the rotary
motion, and imparts great velocity
to the water. As the water

Ty . =

£
N\

A corner of the Machine Shop at Nine Elms Works, showing a grinding machine
finishing the spindle for a centrifugal pump.

cannot escape at a tangent lhike a released stone, it presses hard
against the casing until 1t arrives at the opening of the delivery
branch, when the pressure that has been developed forces it

up the delivery pipe.

In multi-stage centrifugal pumps the principle is the same,
but by means of carefully designed plates known as diffusers,
which are set between the impellers, the water is passed from the
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outlet of one impeller to the inlet of the next impeller.

{0

lach of

these 1mpellers i1ncreases the pressure, until, when the delivery
branch 1s reached, the pressure developed is sufficient to force the

B L

been checked and approved,

The hydraulic test bed al the Nine Elms Works, Reading, of the Pulsometer Engineering Company Ltd.
A centrifugal pump is undergoing accurate tests for output and current consumption,

water to great heights,
3,900 ft., or about two thirds
of a mile, having Dbeen
recorded.

There are practically no
pumping duties that a
centrifugal pump cannot
perform, and the field of
application has been greatly
extended within recent
vears. High lift centrifugal
pumps are employed for
mine drainage, shaft sink-
ing, irrigation, land re-
clamation, boiler feed,
making canals through soft
soill, water works, pumping
solids and abrasive matter,
feeding  hydraulic high
pressure systems up to
1,500 Ib. per sq. 1n., and
many other duties.

The manufacture of a
modern centrifugal pump at

the Nine Elm Works in-
volves many 1interesting
processes. After the chief

engineer and his staff have
worked out a satisfactory
design, it 1s passed to the
draughtsmen, who make the
necessary detailed working
drawings. When these have

they are sent to the pattern shop,

where wood patterns are made exactly the shape of the various

parts of the proposed pump.

I'he patterns then go to the foundry, where they are impressed in

drawn off in large iron ladles handled by overhead cranes.

fine loamy sand so that an 1mprint
of their shape 1s left when they are
withdrawn. These shapes are
called moulds. Other shapes
called cores are then prepared
exactly to the shape of the inner
surface of the pump, but of
suthciently smaller size than the
outer mould to allow the requisite
thickness of metal to form between
them. All cores and large or
intricate moulds are placed 1n a
large oven and baked hard. Holes
are left 1n the surface of the
mould at each end, and through
one of them molten metal 1s
poured until it rises to the surface
throngh the holes at the farther
end, showing that the mould 1s
full.

The metal from which the
casting is to be made is placed in a
furnace, along with the firing fuel,
so that there are alternate lavers
of coke and metal. When the
metal melts 1t runs down to the

bottom of the furnace. where 1t 18
The

ladles carry the molten metal to the moulds, into which it 1s poured

through the holes already described.

After the metal has cooled

the moulds are broken open, and the rough castings are carefully

inspected for faults.

T'he castings are sent to the machine shop to be turned, bored and

faced after which

milling

and grinding

(Continwed on page 500
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The Future of Waterloo Brldge

Rennie’s Famous Structure Still in Dispute
B'f R. D. Gauld, M Eng ., AM.Inst.C.E.
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' | 'HE keen and prolonged discussion in regard to the
fate of Waterloo Bridge has aroused great interest

in  London and thmu ‘hout the country, and
indeed abroad, for ever since its erection the structure
has been regarded as an architectural masterpiece.
Canova, the great Italian sculptor who died in 1822,
described it as ‘ the noblest bridege in the world, and
declared that it was ' alone worth
coming from Rome to - Un-
fortunately the bridge threatens to
become unsafe. The London
County Council therefore proposed
to build a new and wider bridge,
but this plan was opposed on
arious grounds, and last vyear
the Government scheme for reconditioning the existing
structure was agreed to. The newly-elected C mmul
have now decided not to acc ept this solution and are
pressing for the necessary powers to build a new bridge
more in keeping with the present day requirements of
trathc on land and on the river.

The project of a bridge to connect the Strand near
Somerset House with the Surrey side of the Thames at
Lambeth dates back to 1809, when an Act of Parliament
was passed incorporating the Strand Bridge Company
for the purpose of building a bridge across the river. A
plan was submitted by George Dodds, a well-known
engineer of the time, for a bridge of nine arches each of
130 ft. span. lhe company referred the plan to john
Rennie, senior, who had achieved a great reputation in
this country as a builder of bridges. Rennie criticised
several features of the design, and of the method proposed
for making the foundations. Later, when the Act

see.
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The above photograph shows
and the temporary steel bridge built alongside it.

cenlre span is ready for lowering
into place by hydraulic jacks.
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authorising the construction of the bridge had been
passed, the company again applied to Kennie and
requested him to design a swmtable bridge.

Rennie’s first step was to make an entirely new chart of
the river and its shores after a careful survey had been
made by Francis Giles, an expert land surveyor whom
Rennie had frequently employved to carry out the
hydraulic surveys for the canals and
harbours on which he was engaged.
Two designs were prepared, one with
seven equal arches and the other
with nine : and after due considera-
tion the nine-arch scheme was
ordered to be carried out.

The engineer Dodds had proposed
to found the piers of his bridge by means ol caissons, but
Rennie decided to use cofferdams. A cofferdam may be
described as consisting of two concentric rings of piles
driven in contact with one another around the area on
which the foundation is to be built. The space between
the two rings is packed tightly with clay so as to make
the enclosure watertight, and the water inside is pumped
out. Excavation to the proper depth is then made, the
foundation is laid, and building operations proceed until
the pier has reached a height above the level of the
outside water. The cofferdam is then removed.

Piles about 22 ft. long were driven into the bed of the
Thames, the lower 18 ft. or so of each pile being in clay
and the upper portion in gravel. The number of piles
under any one pier varied from 176 to 319. On the heads
of each group of piles a timber platiorm 2 ft. 6 in. thick
was laid, and the masonry of the pier was erected on this
base. The first stone was laid on 11th October, 1811, over

Walerloo Bridge
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an inscribed plate and gold and silver coins,

Lhe ELTLhE: of Waterloo B I]lli.‘.:t:' were built up on timber

“falsework " or U centring.” As the centring cannot
be removed until the tlrc,ll 15 complete and the mortar
has set, it must be very strong, and the massive con-
struction of this temporary timber work may be realised
from the fact that the centring for a single arch of the
bridge weighed
400 tons. As
the arches are
all ol the same
span, one centre
could be used
several times.

T'he - method
employed by
Rennie for
constructing,
floating and
fixing the
centring  was
VEFV 1ngenious.
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ILach centre
consisted ot

eight ribs on -
the truss |*=9
principle,
resting on wedges supported on struts placed on the
oftsets of the piers and abutments. The ribs of each
centre were connected together by transverse and
diagonal ties, as well as pldﬂlﬂﬂ;{ on which the arch-
stones rested. The centres were constructed on a
platiorm by the riverside, floated between the piers on
barges specially built for the purpose, and raised into
their proper places by means of four powerful screw
jacks fixed in cast iron boxes firmly bedded in the
solid floor of the barge. The scheme proved so successful
that the fixing of one centre was usually completed
within a week. This method
was new at the time, and
1t 1s of interest to note that
it was the same as that
alterwards followed
by Robert Stephenson in
fixing the great tubes of the
Conway  and  Britannia
Bridges. The maximum
settlement of any arch when
1its centre was struck was
2% 1n. to 3} in., a very small
amount for such large arches.

Before the Victoria Em-
bankment was constructed
the Thames was 1,326 f{t.
wide  opposite  Somerset
House, and Waterloo
Bridge was bult 1,380 ft.
long, with a northern approach of 310 ft. and a southern
approach of 766 {t., making a total of 2,456 ft. 1here
are nine equal semi-elliptical arches, each of 120 ft.
span with a rise of 34 ft. 6in. The arches were a
bold venture, for they were flatter than any bult up
to that time. The long inclined approach on the
south side 1s carried on ’39 semi-circular arches each
of 16 ft. span, one elliptical arch of 26 ft. span, and
an embankment 165 yds. long with a gradient of 1
1n 34.

1he main arches are carried on piers that have semi-
circular ends, or " cut-waters, to divide the current
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View of the Bridge before the erection of the temporary structure.

of water. These piers are 20 {t. wide and have projecting
buttresses supported by two three-quarter Doric column
pilasters, after the design of the temple of Segesta in
Sicily.  The arch that 18 used chiefly by shipping
has a headway of 46 [t. d]}i wve low water at spring tides,
with a water depth of 51t. 11 1n. At high water of
full tide the headway 1s 26 ft. 8in. The arches are
surmounted by
a parapet
topped by a
stone balus-
trade made of
Aberdeen
granite.
C ornish
oranite was
used for the
arches and the
exterior  face
of the bridge,
while most of
the i1nterior
stone 1s a hard
sandstone
from  Derby-
shire and
Yorkshire. All
stonework except that used for the balustrade was
dressed in a field near the south end of the bridge, and
was conveyed to the site on trucks drawn along hght
rails laid, at first, over temporary wooden bridges.
Rennie makes an amusing reference to this part
of the work in his notes on the construction of the
bridge. ““ It is singular,” he says, “ that nearly the
whole of the stone for the bridge should have been
drawn by one horse, familiarly termed by the workmen
"Old Jack,” who was a most sensible animal, and did
his duty in a most exemplary manner, being always
in good trim and ready.
Tom, his master, used to
call at a public-house. On
one occasion he remained
there longer than usual. At
length the horse put his
head in at the door, and
taking Tom by the sleeve

puilvd him out of the house.
Tom took the hint, and

was never afterwards found
loitering during work hours.”

The roadway above the
piers 1s supported by six
brick walls 2 ft. 3in. thick,
covered with corbel stones.
[t was formed by a layer
of puddled clay 15 in. thick,
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Drawing illustrating the method adopted by Rennie for constructing the arches. then a lﬂ}-'ﬂr of lime and

fine gravel 3 in. thick, followed by a layer of granite,
broken in pieces 2in. in diameter, 1ft. thick. The
roadway tor L‘"J.I'Ihl“{ s 1s 28 ft. wide and the footpaths
on each side are It. wide. Through the centre of the
masonry of each pier a hole 181n. 1in diameter was
cut, entering the river at one side of the pier at low
water ; and from the top of the hole inside the pier
pipes were led to drains on each side of the roadway,
thus effectually carrying away all rain and surface
water into the river,

Until 1803 prﬂ,ctlcallv all bridges 1n this country
were built with a “ hump back ”; in other words,
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the -road rose from each end of the bridge towards the centre,
sometimes very steeply. This hump was supposed to improve
the appearance of the bridge, and of course added to its strength
1f the abutments, or shore ends, remained firm. Rennie departed
from this principle in the first important bridge he built, a five-
arch structure across the Tweed at Kelso, and one of the first
bridges in this country to have a level roadway. This bridge
was completed in 1803, and its success no doubt influenced Rennie
in designing Waterloo Bridge, which resembles the Kelso Bridge
n many  ways,

although of course it

1Is much  larger. -

lhe roadway 4.

of Waterloo Bridge , ’
1s only about 2 ft. iy, g — |
above the level of ‘ tiii: .’-'_."‘-'."ﬂ""'” IE'@ 1 .
the Strand, and is G 1 oy
not inclined towards i

the centre

Shortly before the [ ﬂm“w&m\ﬂ\\ Wi ”r"“""u?;

* :r'l' —||:| 5,.1:-
bridge was com- e -m |

A
pleted an amending \%‘hﬂ ﬂl
Act was passed that —[JAN\\ Pl
declared that the
name should not be
“Strand  Bridge,”
as originally intend-
ed, but ‘° Waterloo

Bridge,”” 1n com-
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moving too quickly, and the proceedings were controlled by
engineers at whose direction signals were given by means of whistles,
the men up aloft responding by waving white and red flags. Steadily
the enormous mass proceeded on its journey, and shortly after
noon the task was accomplished, and the Union Jack was run
up amid ringing cheers. It is interesting to note that the engineers
found that the span had expanded £ in. between the coolness of
the early morning and the heat of mid-day. The span was not
placed immediately on to the caissons, but rested on rails about
10 ft. above. The
task of lowering the
span 1nch by inch
f into position was one
| of extreme difficulty,
but it was accom-
plished on the follow-
ing day without a
hitch, when- thou-
sands of lLondoners
gathered on the
banks of the Thames

to watch the opera-
tions. The tempor-
ary  bridge  was
opened to one-way
traffic 1m  August,
1925, the old bridge
then being used for
one-way traffic 1in

memoration of the the opposite direc-
Battle of Waterloo tion, with a " dead
and 1n honour of slow "™ order over
the Duke of the defective part.
Wellington., The A closer view of Waterloo Bridge, showing its symmelrical beauly. The actual cause

bridge and its approaches were completed and opened with great
ceremony in June 1817 by George 1V, then Prince Regent, who
was accompanied by the Duke of Wellington. At the opening
ceremony the Prince Regent offered to confer the honour of
knighthood upon Rennie, “who respc:t:tfulh declined it. Writing
afterwards to a friend, he said : '* I had a hard business to escape
knighthood at the ceremony.” He preferred to remain simply
John Rennie, engineer of the noble structure he had successfully
brought to completion.

In 1882 the Metropolitan Board of Works, who had taken
over the bridge from the old companv, carried out extensive
work to protect the foundations from the scour of the river.

The weight of the bridge is very much greater than that of
any load that can come upon it. According to the report of the
Royal Commission on Cross River Transport, the load on each
pier of Waterloo Bridge is about 10,000 tons. Until B
a few years ago the bridge was as sound as on the [_lI

of the subsidence of the piers is not definitely known. Some
authorities ascribe 1t to decay of the piles, while others say that
the tidal scour has removed some of the gravel from around the
top of the piles, thus reducing their " grip " and hence their
supporting power. In 1924 the experts of the lL.ondon County
Council expressed the opimmion that the structure was worn out
and dangerous, and therefore should be demolished. This recom-
mendation raised a great outcry among those who were anxious
to preserve the bridge on account of its architectural beauty,
and because it is one of the masterpieces of Rennie; and other
experts were consulted with regard to the pﬂssibﬂit},r of giving
the old bridge a new lease of life by repairing it and strengthening
it while still preserving its distinctive features. Many eminent
engineers among this second group expressed the confident opinion
that the bridge could be saved by underpinning—that is providing
| it with new foundations—without taking anything
— 1 down except the two arches abutting on the fourth

day 1t was built, but in October 1923 the fourth pier ‘“"'-

from the south end began to subside noticeably. In
the following month attempts were made to inject

cement into the gravel under this pier, but they
were not successful, and in May 1924 the bridge
was clased while more effective repairs were carried
out. 1lhe roadway and parapet over the defective
pier were replaced by lighter material,

limber centres were put under the fourth
and fifth arches, and this stopped the
settlement, which from October 1923 to
June 1924 amounted to
11 in., the pier also becom-
mg five in. out of plumb. 188 ]
The total subsidence of the -|l] I
fourth pier from the south from

1820 until March, 1925, was just ]
over 2ft. 4in., and slight settle-
ment had taken place in all the
other piers.

At the time the repairs were effected work was begun on the

erection of a temporary steel bridge on timber supports alongside
the old bridge. Good progress was made, and during May and
June 1925 the bridge was again closed temporarily, thﬁ time to
permit of the launching of the girders for the Idrg_{e or central

span of the temporary structure. This huge span is 280 ft. long
and weighs 500 tons, and its successful transfer sideways a distance
of 93 ft. from the old bridge to the four concrete caissons provided
for 1ts support was a wonderful engineering feat. The span was
put together on the old stone bridge, where it lay on bogies placed
on rails laid along girders that stretched 93 ft. over the water.
IThe work of mmmg the span was commenced by an army of
150 men at four o’clock in the morning, and steel hawsers working
on winches pulled the span inch by inch across the gap.

Special means were provided for preventing the span from
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Diagram showing cross-section of one of the piers.

: pier from the south end.

- Waterloo Bridge accommodates three lines of
= traffic, and the London County Council proposed to
replace 1t by a five-arch bridge wide enough to have
six lines of traffic. In view of the pubht ]_}I'Dtﬂ':it'-
however, this proposal was referred to the Royal
Commission already mentioned. This
body recommended that the bridge
should be reconditioned and widened to
take more lines of traffic, and that a new
bridge should be placed at Charing
Cross. The Council then sub-
mitted to Parblament a scheme

HWO.S5.T

=

L.W.0.5.T

< -, for the erection of this new
'!I l bridge, but 1t was rejected ;
Levee and therefore they reverted to

1l

‘ their original scheme for a new

Waterloo Bridge. Parhament again
rejected the Council’'s plan, however,
and put forward a scheme for
reconditioning the existing bridge and widening it to take four
lines of traffic, at an estimated cost of £685,000, towards which
the Mimistry of Transport was prepared to make a grant of 60
per cent. lThe Government plan was adopted, as mentioned
at the beginning of this article, and the Counci then appointed
Messrs. Rendel, Palmer and Tritton, of Westminster, to be the
ENZINeers.

The work that was to have been undertaken in accordance with
this reconditioning scheme includes the underpimning of piers
Nos. 2, 3, 4 and 7, numbering from the north abutment. Arches
Nos. 3, 6 and 7, and piers Nos. 5 and 6 were to be demolished and
rebuilt. The foundation of every pier except No. 1, which forms
part of the Victoria kmbankment wall, and No. 8, on the Lambeth
foreshore, was to be provided with an eflective bearing area
of at least 3,000 sq. ft. at a level 35 {t. below Ordnance datum.
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The Sand-Blasting of Castings

A Fascinating Process in Weird Surroundings w

OOOOOOOC OO0 000000000000 0000000000 1000000000 0000000000000000000
NE of the most absorbing centres of interest in a large ample ventilation, 1t does not protect the operator from the shower
engineering concern 1S 1ts sand-blast system, and to the of sand and dust when at work, and for this reason it is necessary
operators of the machines who are responsible for the smooth, for him to wear the strange attire including the oxvgen helmet.
L,lf:*-ﬁx finish on the completed motor or generator belongs the This outfit provides him with dual ]JI'{}TEII'. tion, insuring him against
major portion of this interest. Dressed 1n heavy ov eralls and bodily injury, and from impurities in his respiratory system.
leather apron, with their curious helmet, and air hose, hangine Of the numerous pieces of apparel worn, the helmet is the most
from the ceiling of their steel-walled room, they resemble a deep- interesting. It consists chiefly of an abrasion-resisting fabric
sea diver at work in the treasure room of some sunken wreck, somewhat similar to that of an automobile tyre, and it can be
rather than a worker in an industrial plant. ‘ patched as easily as an inner tube if torn slightly. The helmet
In the shop foundry small castings that are to be freed of clinging | rests on the shoulders, and is cushioned with a thick layer of
particles of mould sand and rough edges are placed in a revolving sponge rubber that acts also as an exhaust filter for the discarded
drum, or tumbling barrel as it 18 called. In the bottom of the air. 1t 1s held 1n place by straps down the back and around the
drum 18 a lf_||J.E'lIltit}r of Erﬂﬂ“, ‘-.'Lll'ill'_lll:‘:i-f%hil].“.".'{l ]}IL’ELEH of ol r.:L]'I' steel walst. There 15 sufhcient head and ﬂﬂfi{ room 1nsule 1Tith“ﬂ[
worn smooth from constant use, and when the drum begins to cramping, and outside wvision 1s provided by an oblong glass
revolve these intermingle with window protected {rom the

the shifting castings and set
in motion a cleaning medium.
When the material 1s removed
from the drum it 1s thoroughly
cleaned by the friction, and
readdy for the machining de-
partment,

For cleaning large castings
a different process must be
used, as the size of a revolving
drum in this case would be
entirely prohibitive. 1The work
1s therefore passed to one
of a number of steel-walled
rooms 1n the plant, where
it 1s subjected to a powerful
stream of compressed air into
which 1s mmtroduced a steady
supply of sand, varying in
fineness according to the size
and type of casting to be
cleaned. This 18 the sand-
blast operation.

The steel walls, ceiling and
doors of the sand-blast chamber
are vitally necessary for the
protection of other workmen
in  the wvicinity against the
flying particles of sand. Sim-
larly the operator within the
room 18 guarded ftrom the
shower of drniving sand by the
peculiar but effective costume
that he wears while spraving
the castings bv means of a
heavy rubber hose with a

sand by a bulging, thin, wire
mesh  screen. lThe air hose
leading from a connection
inside the room branches into
two special air-inlets at the
operator's back, entering the
helmet on each side at about
the level of his chin. If the
air leading to the helmet
should accidentally be shut off,
a supply would remain inside
sufficient to allow the operator
to loosen the straps and
remove the helmet.

The remainder of the pro-
tective suit includes a pair of
overalls, over which is placed
a heavy leather coat or apron,
and suitable gloves to with-
stand the stinging effect of
the blast of sand.

The air breathed by the
operator is washed and filtered
i passing through a glass
purifier mounted on the o atside
of one of the steel walls of the
rOOI. Water can be seen
bubbling actively in the glass
bulb as the dirt and o1l in the
air 1s elmminated on 1ts way
to the helmet. Correct humidity
and atmospheric pressure are
also guaranteed to the operator,
and the air by this time
1s purer than that circu-
lating around the outside

special alloy steel nozzle neces- A sand-blasting room with the doors open, showing the operators in their diver-like shop.
sary to prevent excessive cor- costume. Photlograph by courtesy of the Westinghouse Electric and Manufacturing The actual sand-blast opera-
rosion by the constant flow Company, East Pittsburgh, U.S.A. tion itself is no less interesting
of fast-moving sand. | as viewed through a small window in one of the walls. The
I'he intertor of the sand-blast room presents an odd appearance, | operator, after running the loaded car inside, closes the double
the walls and ceiling bearing a dull-like fumh caused by the trlnmmf_, doors and immediately dons his headgear and gloves, taking
particles of sand. This dull appearance is offset by a number of care that the correct amount of air i1s coming through his air
frosted light bulbs in the ceiling that produce an evenly diffused | hose and that it is not caught or tangled. He then opens the
light for the operator. lhese bulbs are constructed from special ' valve leading from the air and sand-mixing machine on the outside
glass ¢ 1n. thick to prevent any possible breakage when the machine | to the heavy hose with the nozzle. Instantly a powerful stream
1s in operation. The floor consists of perforated steel plates of sand 1s pouring against the castings. 1lhe operator slowly
that permit the discharge sand to fall below into containers to be works the blast back and forth, and 1n and out of the castings,
used over again. 1n the centre of the floor two tracks are laid for a the sand gradually wearing off the dirt and rough edges. The
small car that is used for moving the material in and out of the | process is more rapid than might be expected, for the sharp edges
room. The tracks extend outside the room through two large ‘ of the sand grains become powerful cutting tools under the force
doors, and add convenience to the handling of the castings, which with which they are propelled.
are left on the car during the sand-blast npumtmn | By this time the interior of the room has become transformed
After the doors are closed plenty of fresh air enters the chamber into a veritable swirling sandstorm beating agaimnst the steel
through a series of funnel-shaped ventilators in the ceiling. The walls and sounding on the outside like hélﬁ. LThe operator is
ventilators are made with the apex of the funnel pointing downward, soon covered with dust, but is perfectly sale from the flying sand.
thus allowing the air to enter but preventing the flying sand from Occasionally steel grit of various grades, or steel shot the size
escaping. Cool air 1s introduced in the summer and keeps the of air rifle shot, is required for large, rough castings, and when
room at a comfortable temperature. While the system provides this is used the operator is extra thankful for his heavy apparel |




450

An Indian High-Voltage Line

An important new power transmission
line is to be built from IErode to Trichinopoly
in India. The line will be 82 miles long
and will carry current at 66,000 volts ;

and will be supported by 600 Ilattice
masts 52 ft. in height and spaced about
750 ft. apart. The line is being erected
in connection with the Pykara hydro-
electric scheme, one of the largest 1n
the British Empire. The power station
makes use of the waters of the Pykara
River, the head of 3,080 {t. available
being used to run three generator sets
each developing 10,900 h.p.

New Suspension Bridge for Chelsea

After prolonged consideration and
discussion designs have been prepared
for a bridge across the River Thames
at Chelsea to replace an existing structure
that i1s not capable of meeting modern
requirements. The present bridge, which
is of the suspension type with three
spans, is 75 years old, and cannot take
loads of more than five tons: while the
maximum width of the road at the
suspension towers 1s 22 ft. lhe new
structure also will be of the suspension
type, and will have a centre span 332 {t.
long and two side spans each 163 {t.
long. The intervening pilers and the
abutments are to be of gramite. 'lhe
actual distance between the banks of
the river at the point where the bridge
is to Dbe constructed 1s about 700 ft.
The structure will be wide enough
to carry four lines of traffic, and will
cost about £4850,000.

An All-Concrete Laboratory

An interesting example of the steadily-
increasing application of concrete 1S
provided by a new laboratory erected
for the Tunnel Portland Cement Co.
[.td. of West Thurrock, kEssex. Not
only the building itself, but also the
components of it down to desks, shelves
and cupboards, have been made of
concrete, Inorder to prevent the entrance
of dust. of which the air im a concrete
works is usually full, the numerous windows
of the laboratory are fixtures, and air
is fed into the building through special
channels after passing through a washing
plant.

New Bridges in Stirling

Two new bridges have recently been built
in the county of Stirling, one over the river
Carson at Glensburgh and the otheér across
the Firth and Clyde Canal at Dalgrain. 1he
river bridge has five spans and has cost
435,000, while the other is of the steel
girder tvpe and has cost £10,000.

out 1n
is finished, 1t will
reclamation and
cotton
ACTes 1N area.,
Soviet Republic, and the work was begun
several vears ago.
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Making a Desert Fertile

When irrigation work now being carried
a remote part of Central Asia
make possible the
conversion to fertile
land of an arid desert 250,000
The desert 1s in the Tadzhik

Part of the scheme

"'.\.r'l - .' £
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This illustration shows a huge bucket excavator at work.
Some idea of ils size may be

the people in front of il.

is already in operation, the frst water
having been turned into the fnished
canals in the spring of last year. 1his
made it possible for cotton to be sown
in the spring of this vear, and a total
of more than 74.000 acres has now been
brought into use.

It is not expected that the complete
scheme will be finished for at least a
yvear, but already the main canal, nearly
2.500 miles 1in length, and its floodgate,
have been built. Some idea of the scale
of the scheme is gained from the fact that
the floodgate is 130 ft. in length and 36 ft.
i height.

gained by cumparis*nn with

Canada’s Most Powerful Tug

A powerful tug that has been constructed

by a Quebec firm of shipbuilders for towing
and fire fighting work is claimed to be the
largest and most powerful tug in Canada,
This vessel, which has been named the
" Citadelle.” - is 127 ft. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>