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shells would be especially lable to this defect. T'he contrary
was, however, found to e the case i this particular instance,
and experience has proved that the cast shell supplicd by the
Hadield  Company  are iree from the  suicidal tendeney
amongst projectiles. We are assured that though the larger
part of the total number of shells <upplied 10 the Navy are
mide by the Hadtield Company. and though many thonsands
of proof and other rounds have been tised, vet not a single
case of spontapenus fracture has been reported  from the
sitallest ealibres up to the hig 135, shell. The Royal Navy
has thus Been supphied wath a shell whneh is at once cheaper
and superior to the class of projectile formerly in use,

.()\\im: w the introduction of  Krupp  cemented armour
of dmproved desenption it has been found  necessary
1 introduce o new ype ol projectile having a somewhat
smaller bursting charge than that of the armour-prercing
shell to which reference has been made: the eharge of the
latter shell being from abowt 2V, per cent. to 3 per cent. of
the total weight,. Vo meet this demand the Hadfield Company
have produced what is known as the  “Heleon™  shell,  In
!\‘s\illg at their own proof-hutts the company have succeeded
in sending these shells through plates of a thickuess cqual
to the calibre of the projecule, the latter being in a condi-
tion {0 burst after penctranng the plate.  Even better results
have been obtained at Shoeburyness, a “leclon™ G-y, capped
projectile having perforated 7 inches of Kropp cemented
armous, the shell bemy recovered in the rear of the plate m
a condition for bursting,  More reeently a further tnal of the
ll;\flﬁcld projectile ok place betore Lord Roberts, when a
124, anmour-piercing <hell, wenghing 820 s, was suceess-
fully fired against a Krupp o-in. non-cenented plate mchned
to an angle of 30 degrees. The velocity was 1911 footesec-
onds, and the striking energy 21,500 foot-tuns,  Tlos projee-
tile was taken by the Government offictals at random from a
lot of 400, atid af st had failed it would huve meant the rejec-
ton of the whole order 1o the value of many thousands of
pounds.  Fhe fact gives an idea of how much depends on the
suecess of asingle round, and the large amount the manu-
sacturer stands o dose in the case of faiture of any one pro-
jectile. The comtry may rest assured that under such strin-
et conditions the manufacturers of projeciiles will spare no
pams o render every unit absolutely trustworthy.

!'hc Hadsield Company have given attenmtion o mcans of
defence as well as 1o anacs, They have quite recently pro-
duced a shield for the protection of Lumotitings which has
been l'n'uml 10 possess somewha snusual qualities. 1t is, like
the projeciles, of cast <teel, the metal being a special descrip-
tion 1o which the name of “Era™ steel has heen given. One of
these :hicld\'. 6 inchies in thickness, was recently attacked by
A z-m armour-piercing shell tired at a velocity of about
2300 foot-seconds, and it successiully resisted the projectile.
A i, comuon shell was next tived at the same pl:n.c with
a velociy n_f 2033 footescconds, the striking energy being
about 2875 foot-tous. This merely made a shight indentation
:lltou: an inch deep. .\ lyddite shell of the same calibre, and
wita tl}v same velocity and striking encrgy, was next fired at
ll_\o shield, the result being <imilar 10 that of the Iast-men-
toned round.  Fually, the plate was attacked v a G-in.
armour picrcing shell, tired with a velocity of 2.0;(). footegec-
onds, and 'h:uing 280 foat-tons striking cncru\: This ei-
lected perforation, ihough it is believed that the projectiic
burst on the outside of the plate. Mr, Hadiield states that
glxc “Fra™ cast steel plate can be yet further improved. bt as
i stands 1t is superior to the ardinary forged steel, such as
is now used for gun shields, as the latter wonld have been
pertorated under any of the above tests, A Krupp cemented
3 2-i0. plate. which, af course, was forged. broke up under
smulnr_ tesis 1o those above given. The difference in thick-
ness of the shicld and plate must, however. not be overlooked.

These n‘sul:.x. especially those obtained with projectiles.
Passess great iterest for both civil and military engineers.
}l _h:n' long been held that to praduce trustw orthy steel 2 rlicles
Was aecessany o pat mechanical work on the metal, that is to
say. that it should be forged cither uader the hammer. in the
hydraulic press, or by rolling.  To Micmpt to produce steel
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structures that would stand the enormous stresses that the
Hadlield projectiles and gun-shield have undergone simply
by casting would formerly have appeared the height of folly
to the orthodox  metallurgist or engineer, although  there
have been a few who have held more sanguine views in re-
gard to the possibilities of the material, It would, of course,
be extremely interesting if we could give the means by which
the Hadiield Company have achieved these results, but this
we are unable o do, The money that is smuctimes spem—
tirst in laboratory research, and afterwards in experiment on
full scale-—represent very large sums indecd, many thousands
of pounds often being devoted to the working out of a single
detail, or perhaps shply 10 arrive at a negative result. In
the conduct of all industries  depending on the scientitic
a olication of natural laws this feature is rapidly becoming
more and more serivus as time passes and the processes of
manufacture ducrease in complexity.  One can understand,
therefore. that the directors of manufacturing establishments,
having spent large sums upon  gathering  knosledge,  look
on data thus acquired as one of the assets of the business,
and feel they are no more entitled to make such knowledge
public than they would he to give away any part of «the plant
or nachinery of the company. It must therefore suflice to
say that the success of the Nadfield cast steel is the result of
chemical research into the action of often minute differences
in proportions of alloys of iron and of the subsequent special
heat-treatment the material receives.  In both these fields of
vescarch Mr. Hadfield has spent much time and labour, as
the numerous contributions he has made 10 various sciemtilic
and technical societies bear evidence

Abroad mamniacturers have been guick 1o recognize the
need for a fully statfed and cquipped rescarch department,
and the amounte expended annually for this purpose in some
foretn works appear almost incredible. It is only by enter-
prise of this nature, however, that manufacturers can keep
in the van of progress, and. properly directed, this so-called
“noa-praductive” expenditure brings a rich reward.  In Great
Britzun we have been somenhat apt to relegate rescarch work
to the Iaborataries ¢f professors, the manufacturers devoting
themiselves 1o what are styled “practical results,”  This di-
voree of practice and theory does not lead to industrial suc-
cess; and we cannot do better in support of this view than
quoie from a speech of Sir William White's made at a recent
meeting of a techaical institution:—

“l do not think it 13 a wholesome thing 1o suppose that
all researclt work should be conducted in laboratories separate
from works, 1 have the greatest respeet for work done by
engmneers like Professor Arold and Mr. Stead in private la-
boratories, but 1 hope to sce the time when the example of
Mr. Hadfield will be more widely followed in this country
and when inquirics, both scientific and practical, will be car-
ricd out on a very large scale in the works of manufacturers
all ever the country.”

The visitors to the Heela works were shown other things
besides artillery experiments and projectiles, steel castings
and forgings of uearly all types being produced.  Amongst
these the most prominent were the castings for tramway and
railway work, both for permanent way and rolling stock.
The “Era” manganese steel, the discovery of which was due
10 Mr. Hadficld, and was the outcome of a long series of Ia-
boratory research extending over some years, lends iself
sepecially well to such “track™ work as points _nnd crossings.
Manganese steel stands alone in regard to being hoth hard
and tough. so that fit has very great resistance to wear., or
attration, aund at the saue time i not britde, as ordinary hard
carbon steel is.  The advantage thus offered fo!' railway or
tramway points and crossings, which arc subject to both
abrasion and shock to a high degree. will he at once apparent.
Unfortunately the hardness of mauganese steel prevents s
being machined, as no steel tool will cwt it and it can only he
used as cast.

The works of the Hadfiell Company cover in all o acres.
The scel foundry is said to be the largest in the country,
probably in the world. It is 1.020 feet lm_lg. :md_ cavers six
acres.  The engineering shops, which are filled with machine




