
THB MANUP,AOTURl! OF SMALL ARTILLBRY SHBLLS, 147 

18 p" HICH EXI~L()SIVE SHELL 

~--------------~~~~.~~---------

... 
-""- - -

Arrecn~ew 
''"='"''''..",..9 ....... 

f 'fji=','#!Mir=re 4z«arC ..... 

<M' «<Wi' 
o=r- a6's &.U 

Fig. 6 

On aecount of the thin walls of the shrapnel shell, it 
will be readily llliderstood that although many of these 
have been made from stock iJJars, this method necessitates 
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much unnooe sary ·machining and waste of material, 'S{) 

t hwt forging from billets lias ·almo t b eoome the universal 
practice. 

On t he other hand, hli.gh explo ive shells being so much 
thi,cker in the walls, forging is not r eally an ooonomical 
form of manuia;ctul'e, lmt, nevertheless, fOl'ging has been 
c'll.l'ried out in this 'Cla.ss of shell to some extent. 

It may be of interest to iHustrate the radius of action 
of shrapnel as 'compared with high explosive hells. What 
is oommonly known as the 'beaten zone, viz., that area 
of ground lact<ually covered by bullets in the ca.se of the 
.. hrapnel she'll, and the f1.'agments of the shell body in 
the case of the high explo ive, varies very con idera'bly, 
but although the beaten zone of the high explosive shell 
is Ie s than that of shrapnel, the effect of the high ex­
plosive is tremendous, and the imp1a!ct set up in the air 
is mainly the cause of its effootiveness. It has been tated 
that the very 'Sudden static depresSJion of thc surrounding 
atmosphere due to the fOI"Ce of some of the high eXp'lo ive 
shells, frequently cause a stoppage of'the cil'Culation of 
the blood to those in the immedi-ate vicinity. TO other 
rea on <can Ibe found to aecO'Unt for the fact that men 
have been found dead without the slightest sign of in­
jury of' any kind, whilst displacement of the heart and 
such other evidence points to the fact that it is the re­
sult of the pre~sure <mused by high exploSJives, and not 
'asphyX'i'a'tion 'by gases. As a means of d~roying forti­
:£i.·cations, trell'0hes, guns, ew., :it is obviO'us that the H.E. 
shel'l is the only effective kind. 

This method of manuf.acture certainly ensures 'a more 
sound base than if maehined out of the sO'lid. With a 
high explosive shell it is alb <Mutely essential that there 
&bould be no piping or weakness of even a microscopic 
dimension at the ba e of the shell, for, -if by any m~s­
chance th e flame from the explo ion of the propulsive 



l'~B MllIUFAOTURB OF S:'!1.UL ARTI LLBRl': RH BLLB. 149 

charge hould reaoch the hi'gh explosive in. the shell itself, 
disastrO'Us r esrults to the gun ,and tho e sel'"Ving jt would 
al'lD.'Ost inevitably result . F or this reason a base 
pl-ate, with the grain of the metal running aocross the base 
of t'he .shell, is inserted. 

There is 'a ample of a high explosive shell on t he table, 
but thjs ris mer e'ly the r esult od: experimental woork, and 
ca:nnot b e taken o/liS an example according to Governme<nt 

ecri.:fi:cation . 

F ()r the 1al"ger size of shell, as, . for instance, the 4.5 
howitzer, it is usuru t o p our the ingots to the size r -
quired, and 'by using a r evolving table for tihe ingot 
moulds, a method adopted 'by a Canadian firm, ingots for 
4000 shells are ca:st in 24 hours in cast iron m()uld , hav­
ing :a life of over 200 heats. This method we are not 
likely t o be l3.SSoooiated with, so will pass over quickly. 

Reverting again to the 181b. shrapnel shell, the next 
Fig., 7, illustrates two methods od: cutting off the blank 
by co.reular saws. Wi1Jh a saw 30in. in diameier, it is 

Fig. 'j 

stated th-at 25 Ibillets can !be cut off every b()ur. F or 
tho e who cannot, or do not wish to, use saw for the 
purpose, the next figure, No. ,shQWS ·1Jwo other methods 
available, viz., group parting on planers, and parting off 
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Fig- .8 

the bIlanks in a high speed ·turr t lathe. The plan-er . 
method shown is capaJbile of turning out 50 billets to cut 
off per h our, whilst by the high speed laJthe 27 can 'be 
qut off p er hour. StiH another method is adopted, viz., 
the -cutting off of the Ibillets in a planer miller, W<i.th a 
group of saws car ried on the arbor, The last-mentioned 
is the most expediti()us of tho e shops equipped with 
su<.lh tools. 

The temperatures during the forging of the shells are of 
the greaJtest importan<le. For the first operation, the 
t empeNiture should be as near as possible 2000° F ., and 
for the sooond operation 1800° F. peed also are OT 
importan<le, and on the first operation, 30ft. per minute 
is sa.tisfaictory, and on the 2nd operation, 22ft. is all that 
the work can safely stand. 
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F ig. 9 jUus1;rates by diagram a recognised standard 
method of piercing and ora wing shrapnel fQrgings. 

DEl Al L OF ORAWIMQ OtEB 

G F 
Diagram ilIuatratil'lg lI1ethod or Piercing and Drawhi&, Shrapnel 

Forgings in a Power Preas. 

Fig. 9 
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Fig. 10 is of interest, for it descri'bes what would un­

douhtedly be the most economical method 'of maJking the 

forgin gs 1f it was really prac.ticable, that is, in one heat 

Improl'fli method or moine Shra p nel For.lnp In One H·ut and One Operation. 

Fig. 10 

and ·in one operation. It might interest members to knOlW 
that at the C.S.R. Co. 's Pyrmont works, exper iments have 
been made with a 500 ton press, to opera.te under this 
desiraible method, but although su'ccessful in an experi­
ment 'with iron, it has not Ibeen so with old railway axle 
steel, or ,the special materi3:l supplied by a local steel 
maker. It -certainly seems, fr(}m later information avail­
able, that piercing and drawing of the forgings is the 
more unive-rsal method. On the truble is shown a forging 
produced by piercing and forging at the Pyrmont Works. 
This has been made from Broken Hill steel, which, I 
understand, conforms to the specification of the Govern­
ment for high explosive shell . 

Although not neces'sary, hydraulic presses are often 
speeialQy designed for the maunfa.cture ,(}f shrapnel shell. 
it m~ght interest members to know that the Angus Loco­
motive Shops, in Canada, turned (}ut a 300 ton sheil forg­
ing press weighing 30 tons, in twent~ days, and in this 
time they designed it, made patterns, ml3.'!Jhined 1!he parts, 
a sembled them, ,and shiWed the machine. P erformances 
of this kind certainly indi·cate that the engineers of the 
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Dominaon were not going to allow any o'bsta:cle to stand 
in the way of the sl10cessfuL manufacture of munitions. 

It will not be possible within t he scope of these notes 
to give the -complete set of Viiews of the methods ()f finish­
ing shrapnel, and with which the lecture was illustrated, 
especially as the operati<ons pBrformed in finishing a 
shrapnel ·shell from the for ged state to a finished body, 
pa,cked in its 'case, are fairly extensive, and vary con­
sider rubly .wccording to th r 'hop in whieh the work is 
don e. F-or instance, in the works 'Of the Ingersoll Rand 
Canarlian Company, whi-ch I 'illugtrated with a numiber of 
slides, the work is 3!ctually divided into 32 operations, 
but many df these are small, and 00 many shells being 
performed upon at one t ime, that the actual period spent 
on ea:Clh hell 'body is not very great. These operations 
have been very amply described in the American technical 
journaJ.s-" The AmeriMn Ma-chilllist" and "MlliChinery," 
and have been repr odu-ced, and very ably demonstrated 
in the publJie,ation, "Munit ions," issued by the voluntary 
Munitions' Committee in "Victoria. In selecting certain 
of these operations for illustration her ein, I have chosen 
fuose whlieh, perhaps, ar e of exceptional interest, and 
because some of thEml are applicable to the operations in 
the manufaclure of high expl()Sive shells, which it is now 
understood ar e most likely to be required from Australia. 

Fig. 11 i}lustrat es ,a method adopted f{)r the cutting of 
the waves and recess for the copper driV1.ing band, and 
thi is ·t he same for both shrapnel and high explosive 
shens. The wave rings, as you are d-oubtless aware, are 
for the purpose of preventing the driving oband from re­
volving {)n the shell body, when the rifling in the barrel 
of the gun ris transmitting the rotary motion to the shell. 

The shrapnel hell require special heat treatment, but 
the high explosive does not; this simplifies very much 
the manuflliCture of the latter. 
K 
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Fig. 12 illustrates the pre used by the Iilgersoll Com­
pany for crimping on the oopper driving bands, The 
.action of this pneumatic tool is appar ent. Sevel'al differ-

Fig. 12 

~nt types of machines are used for the purpose, and l<'ig. 
13 indicates 3 machines of different kinds that have been 
designed for the purpose. The first is a horizontal 
hydrauli-c machine, the second a power driven machine, 
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and the third a rolling machine. The last-m.entioned 
operat€B on a strip -of copper and rolls this into position, 
wh~lst the other machines force a c·opper ring of the re­
quired seciion, and which can be passed over the shell 
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OPERAT ION U TURN A ND FORM DRIVF: BAND 
Mach ines UBen- BraSs la th es and e ng ine la th es with special 

fo r ming slides. 
Special Fi x t ures and Toola-Dra w-In colle t -chuck, A, and spe­

cia l (ormlng slide, B. Cu ltln g tool s : Width tool. Cl: 
roug h lurn lng t oo l, C2 : flnl s h formin g tool, C3 . 

Oages-For h e ig h t ot rad ius (rom b a se, D; to r (orm ot ba nd, 

o 

E, (or ± diame ler a t F, F, for ± diame ter at G, G : 
for ± di a m et e r Itt H, H; for ± diameter at I, I. 

Productlon~Froln one machine a nd one operator, Iii per 
hour. 

Note-Previous to using the r ear forming s lide for flnlshlng, 
.·· ·the shell b ecame so hot tl)at It w a s n ecessary to .. ··flll It 

with soda w ater a nd plu'g ' the end bdore this opera­
tion. 

Fig 14. 
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proper, into tlhe driving 'band rece s. The copper hand 
is, of course, afterwards machined to th~ correct shape 
externally. 

Fig. 14 giv.es some detail of the driving band, and 
shows a method of chuch"ling the shells for the <>sperations. 
of turning and f'orming the band. For filling the shrap­
nel shell wiilh re in, an ordinary eleociric pot is frequently 
used for melting the r esin. With regard to filling shrap­
nel shell with brulls, or (bullets, ordinary accurate lever­
scales ar e used for weighing. Bo<th of these operations. 
must be carefully perf.ormed, as the limit of tolerance 
allowed f or the resin is 4lhdr., more or Ie ,and the limit 
for the balls is Olle 'ball, more or les . The weight of the 
shmpnel shell when filled wi'th ball, being 161·bs. 15lJi ozs. 
and when filled with reSiin, 171bs. 100zs. 14Y2drs. 

During the manubcture of shrapnel shell there is, of 
(}ourse, a series of gauging operations, and whereas the 
total number of inspections or gaugtings on an ordinary 
shrapnel shell ·amounts to 40, none ad' these are of an ex­
ceptionlally rigid nature, or ootside the scop e of an or­
dinary well run engineering shop. There -can, of course, 
be no r()()m for laxity, but the li'1llrits of tolerance are 
reasonably IilbereI. The H.E. shells require only 22' 
gauges, ,and these are of a similar kind to those of the 
shra'Pnel. 

A tY'Pical iUustration of the gauges required for shop­
and Government inspection are shewn in Fig. 15. It may 
be of intere to mentio'n that six Government In pectors 
Clan take .care of both the first and the final inspection of 
600 shrapnel shell p er day. 'l'he first inspection is made be­
fore the nose of the hell i dosed Un, and partieular atten­
tion is paid to defect and flaws, especially at the ba e 
of the hen, so that further labour will not be put on 
defective Cia es. At this stage, thee-arbon content of each 
lot of sheH i trumped on the shell 'base. Frolll. each 
batC'h or ca t of, say;, 120 shells, one is elected, and 
from this, ten ile strength pieces are cut for te ting. 
Reference 1-oold ,be made to the fact that in many cases, 
external turning of the she-ll ,bodies is displaced by grind­
mg. Sp€'Cial wide wheels are u ed for grinding the 
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parallel portions . of the shell, 'and curved wheels for 
grinding 1!he nose portion. With good tools, th~s method 
may be more economical than turning, but a high finish 
i not required. 

OPERATIO:-I I S SHOI' INSPECTION 

Special Fixtu re-Holder for shell for gaging wall thick­
ness. A 

GageS-Micrometer (or wall thickness. B: for waH thIck­
ness, C ; (or wall thickness. D: for :t: overa}) length, E; 
(or thread In nose.F; for :::!:: (.II~meter ot base, c:: (or 
± diameter at shoulder. H; for :t body f.llametcr. 1; 
for ± diamete r over waves, J : (or nOBe pront e. K: (0 1 

rlepth oC nose receS8, L ; tor ~ diameter of boltom at 
wave recess, M. Total of 17 gaKlng ol1erations. 

Production-Sixty sheila pe r hour Cor two men. 

Fig. 15. 

For carrying out the hardness test, the Shore Sclel'O­
scope has been largely used, and Fig. 16 shows a diagram 
illustmting the relation of the hardness scale to the elastic 
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