
Page 1 of 1 

Our Number PAC-1 Q 121587 
Status In Process 

Printed Date 31 Oct 2019 

Request From UNIVERSITY OF NEWCASTLE 

Service 1 
Service Type Copy non returnable 

Media Type Photocopy 

Bibliographic Details 

Service 2 
Service Type Loan 

Media Type Printed 

Title PROCEEDINGS OF THE AUSTRALASIAN INSTITUTE OF MINING AND 
METALLURGY 

ISBN/ISSN 00048364 

Control Number 
Call Number 

Article Details 
Article Title MORRIS, D. 0. 

Article Author MORRIS, D. 0. 

Article Date 1947 

Service Level Core 

Item Format Article Printed 

Request Created Date 30 Oct 2019 15:17:12 

Patron Details 
Name 

Email 
Patron ID 

Requested Delivery Electronic Mail 
Method 

Rota NLA: NNCU:A 

Send To 

tc; - /3 o/ 

Copied by: Geoscience Australia library 

on ....... 3//~~/!.J············· 
UNDER COPYRIGHT ACT 1968 549 & 550 

UNIVERSITY OF NEWCASTLE 
LIBRARY, INTER LIBRARY SERVICES 
Inter Library Services, University Drive 
CALLAGHAN 
NSW 
2308 
Australia 

https://docdel.librariesaustralia.nla.gov.au/vdx/zengine?VDXaction=IllDetails&hit=l... 31/10/2019 



a REVIEW OF THE WAR-TIME ACTIVITIES OF THE NEW
caSTLE STEEL PLANT OF THE BROKEN HILL PTY. CO. LTD. 

AND ITS ASSOCIATED AND SUBSIDIARY INDUSTRIES. 

By D. 0. MORRIS* 

It has been clearly demonstrated in both the first, as well 
as in the last world conflict, that a nation's ability to wage as 
well as win a war is primarily a function of its industrial, and 
particularly its steel making capacity, provided both are directed 
to munition production. 

The Axis gambled on their pre-war policy of bullets before 
butter giving them sufficient initial advantage to decide the 
issue before the Allies had time to gear their industries to war 
production. 

Fortunately for us, Hitler and his advisers apparently under
estimated Russia's war potential, although they must have known 
that Russia was, in 1939, the third largest steel making country 
in the world, as shown by the following figures:-

United States 
'Germany .. . 
Russia .... . 
Great Britain 
France .. 
Japan .... 
Belgium .. 
Italy . . . . 
Luxemburg 
Poland .. 
Canada .. 
Czechoslovakia 
Australia 
Sweden .. 
India . . . . . . 
Hungary ... . 
Spain ..... . 
Miscellaneous 

Total Production of Steel 
Ingots and Castings in 
Millions of Tons for Year 

1939. 
47.67 
22.00 
18.50 
13.22 

7.82 
6.59 
3.06 
2.35 
1.74 
1.60 
1.36 
1.25 
1.20 
1.13 
1.05 
0.75 
0.57 

Total World Production: 
0.90 

132.47 
* Includes Austrian production. 

Annual Capacity in 
Millions of Tons for 

Year 1939 (Esti-
mated). 

73.0 
22.0 
18.5 
14.5 
8.0 
6.7 

2.2 

:1 Asst. Stee'J Superintendent, Broken Hill Pty. Go. Ltd., Ne\vcastlc. 
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The unexpected resistance of Soviet Russia gave the Allies 
time to convert their enormous industrial war potential into 
actual fact, with the result that in 1941 the Allies were pouring 
out all the many and varied implements of war equivalent to a 
combined steel production of 130 million. tons per annum, as 
compared with 58 million tons produced by the Axis and their 
satellites and conquered countries. · 

Australia's part in winning .the war, from the aspect of steel 
tonnage, while but a minor one compared with the combined 
allied effort, was extremely commendable. 

Her steel production for example per head ·of population ap• 
proached that of Great Britain; and was a very valuable addition 
to the general pool, and the existence. of a healthy and vigorous 
steel industry in this country was of inestimable value in waging 
the war against Japan. 

It can, indeed, be said. that without our steel industry the 
invasion of Australia by Japan could not. have been prevented. 

Newcastle, with its iron and steel, wire, sheet, tUbe, and other 
plants, was the hub of the industry during the war, and it is 
intended in this paper to review the ac ivities. of thel?e plants 
during those critical days between September, 1939, and August, 
1945. . 

BROKEN HILL PTY. CO. LTD., IRON AND STEEL PLANT, PORT 
WARATAH: 

The Newcastle plant of the Broken Hilr Pty. Co. Ltd., which 
is one of the two largest individual steel plants in the British 
Empire, during the war produced. 5,328,699 tons of steel ing 
and 4,040,698 tons of pig iron. Of the five million tons of steel 
produced, 587,000 tons were of alloy or other special quality, 
which in itself was a real achievement, in view of the fact that 
the plant was not designed or laid out for the production of m 
than a very small tonnage of special steels. 

About 90% of the total steel production went to applicatio 
directly concerned with the war, and besides providing the ra 
materials for the wire, tube, sheet, and other industries· co 
curren1 ly engaged in munition production in Newcastle ar 
elsewhere, supplied material for the manufacture of ships, tan· 
aeroplanes, guns, shells, bullet-proof plate, machine tools, a 
other applications too numerous to mention. 

During the war the Company's activities in Newcastle we 
not confined to the manufacture of iron and steel. For examp 
buildings and plant were constructed for the production of s 
and shot of various types. Furnaces were built for the ma 
facture of magnesium and ferro alloys. The production of t 
sten metal used in the manufacture of high speed steels, 
tungsten carbide, a hard alloy essential for the high sp 
machining operations necessitated by modern munition and ot· 
production, was successfully. undertaken. A modern tool ro 
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was built' arid equipped with the inost up-to-date machines. 
sarges and tugs were constructed in considerable numbers. 

The foundries and machine shops, besides their normal 
functions of plant maintenance departments, undertook the 
manufacture of machine tools of many kinds, including huge 
presses of up to 3,000 tons capacity, engines for ships and many 
other items. 

The foundries, besjdes supplying many o! the necessary cast
ings for such purposes also produced ships' ::;tern frames, of such 
a size that a special annealing furnace with a removable roof 
had to be constructed outside the foundry building. Fur~her
more, forging· ingots of all compositions and in sizes up to 60in. 
diameter and 42 tons in weight were cast. 

Due to essential wartime demands two additional 125-ton 
capacity open-hearth furnaces were built and a new cold rolling 
mill installed for the manufacture of cold rolled strip for use in 
the construction of automatic weapons and other purposes. In 
view of the urgent requirements of the Australian aircraft 
industry for cold drawn alloy and other special steels, a cold 
drawing plant was installed for that sole purpose, together with 
ancillary heat treatment and other plant and equipment. 

In order to outline the Company's war aecivities other than 
normal iron and steel production in more detail, the production 
and work done in some of the various departments will be briefly 
reviewed. 

COKE OVENS AND B.H.P. BY-PRODUCTS: 

The use, weekly, of about 30,000 tons of coal in the Company's 
by-product coke ovens for the manufacture of blast furnace 
coke results in the production of a number of by-produc·s, in.,
cluding tar, benzol, toluol, zylol, solvent naphtha, naphthalene, 
ammonia, and ammonium sulphate, all of which had war-time 
applications. 

Tar, of which 12,000,000 gallons were sold for defence pur
poses during the war, was extensively used in the building of 
strategic roads and aerodromes all over Australia. The crude 
tar produced in the coke ovens is refined by the B.H.P. by
products company and was made available wherever needed in 
New South Wales and, where practicable, in that company's 
ten 6,500 gallon capacity rail cars, and for the actual spraying, 
their entire fleet of thirteen modern mechanical motor sprayers, 
each of 800 gallons capacity, was made available to the defence 
authorities. 

Specially prepared tar paint, used for combating corrosion, 
and Colcrete (a bituminous emulsion) were used for coating 
concrete-lined pipes for water services and other purposes. In 
addition, a considerable quantity of Colvenac (bituminous emul
sion) · was manufactured and supplied for surfacing aerodrome 
runways, hangar floors, and.aprons. 
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Limited quantities of tar oil were made available for pro
ducing creosote, which provides excellent protection for timber 
against borers and other pests, and was of value for making dis
infectants and deodorants for use in military camps. 

A special pitch of high melting point, previously imported, 
was also developed for use in the manufacture of electrical re
sistances for wireless sets, etc., required by the forces in the 
field, and in tanks and aeroplanes. . 

Considerable amounts of sublimed naphthalene were pro
duced and supplied to the Middle East and India. It was also 
extensively utilised in Australia, not only for packing skins and 
hides for export and for combating silver-fish and moths, but 
was also required for producing sprays to destroy blowfly and 
other vermin in military camps. 

Specially prepared naphthalene was also made for the manu
facture by the Newcastle Chemical Company of Beta Naphthol 
and Phthalic Anhydride. The former was required for the pro
duction of a chemical used for the extraction of cobalt and the 
latter for the preparation of special varnishes and lacquers which 
were in heavy demand by the defence authorities. 

During the war 21,576,000 gallons of benzol were produced, 
of which 1,246,000 gallons were of specially high-grade quality 
with a distillation range of 0.5°. 

While the bulk of the benzol produced went into the common 
pool for use as a motor fuel, the special high-grade product was 
utilised for the manufacture of synthetic phenols, aniline, as
pirin, etc. 

Production of toluol was 1,578,000 gallons, of which 1,298,000 
gallons were specially high grade 0.5° range spirit. This latter 
grade was not manufactured in large quantities prior to the war, 
but its production during the war was necessary because of its 
use by the defence authorities for the manufacture of the high 
explosive T.N.T. 

The lower grade material was required for the manufacture 
of lacquers and as a solvent. 

A total of 320,215 gallons of solvent naphtha and xylol were 
made available for special insulating varnishes required for the 
protection of shells, mortar bombs, land mines, and .such like 
applications. 

Sulphate of ammonia is normally employed as a fertiliser, 
but during the war was utilised for the production of nitric acid, 
which was required for the manufacture of explosives and other 
war purposes; during the war period 78,940 tons of this material 
were made. All sulphate of ammonia was marketed under 
government control. 

BLAST FURNACE DEPARTMENT: 

The normal product of the blast furnaces is pig iron, whicb 
is required for the manufacture of steel, and as the basic material' 



WARTIME ACTIVITIES, B.H.P. CO. 73 

in iron foundries throughout Australia, and as such was practic
for machine tools, the caterpillars of armoured vehicles, and so 
allY all converted into castings directly and indirectly required 
for defence purposes. Among these may be mentioned castings 
on. 

Slag is produced as a by-product of the blast furnaces, and 
during the war 275,000 tons, after crushing and sizing, were used 
in conjunction with steel works tar in the construction of strat
egic roads, aerodromes·, and such like applications. 

A certain percentage of slag, after processing into wool, was 
also required for insulation and lagging purposes in munition 
factories and other defence plants. 

'STEEL MAKING DEPARTMENTS: 

Prior to the war all alloy and other special steels were made 
in two 38 ton open hearth furnaces ( one acid and one basic) 
located in the Steel Foundry, and all ordinary grades were made 
in 12 basic open hearth furnaces of approximately 125 tons 
capacity, comprising the main steel making department. 

Resulting from increased war-time needs of both ordinary 
and special steels, it was found necessary firstly to extend special 
steel manufacture to the· main open hearth department and 
secondly to increase the capacity of the latter plant by building 
two additional 125 ton melting units. 

The extension of special steel manufacture to the main open 
hearth plant brought many difficulties in its train and neces
sitated considerable changes in steel making technique, as well 
as the provision of special moulds and hot tops, and the installa
tion of special mould conditioning equipment and other facili-
ties. · 

The steel specifications worked to during the war were many 
and varied and totalled approximately 450, including Australian, 
British, and American standards, Defence standards (army, 
navy, and aircraft), and those of numerous individual cus
tomers. 

STEEL FOR SHELL AND SHOT: 

During the war period, 275,000 tons of steel for shell and 
shot were produc·ed to divers specifications for manufacture into 
projectiles, varying in size from .303 A.P. bullets to Sin. shells 
for _the Navy. 

While by far the larger tonnage of the steels was of the 
straight carbon type, considerable quantities of pearlitic man
ganese, sulphur free-cutting, and chrome molybdenum qualities 
were made. All steels for projectiles were manufactured under 
the strict supervision of resident army or navy inspectors, whose 
duties were to inspect .the. material at all stages of manufacture 
and to ascertain and preserve the identity of each grade through 
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all its stages of processing from .the open hearth. furnace to the 
final inspection and testing, thus ensuring full cbnformity to 
specification. · 

The rigid chemical, physical, and inspection standards re
quired, although responsible for considerable diversions and re
jections, ensured a particularly high standard prodl1,ct. 

It may be mentioned that millions of Australian 'made shells 
were sent to Britain as well as to many battlefronts near a._nd 
far. 

BULLET PROOF PLATE: 

Early in the war it became apparent that in addition to the 
manufacture of guns, small arms, and ammunition of all sorts, 
a number of armoured fighting vehicles would become part of 
our strategy and therefore essential to the war effort. 

Unfortunately, an analysis of the position indicated that the 
particular alloys required for the manufacture of standard 
armour were not available in Australia and, in addition, could 
not be obtained from overseas. 

Since the problem was primarily a steel making one, the 
position was placed before the Company, and their metallurgical 
officers were asked to study the possibility of developing a sub
stitute steel. 

Within three months the problem was solved and the first· 
heat was made and rolled into plates, and as a matter of interest 
it may be mentioned that the steel contained neither nickel nor 
molybdenum, the two strategic alloys which all steel makers had 
for many years employed in the production of armour plate. 

In addition to being much more weldable than armour plate 
containing nickel and molybdenum - an important factor in 
the proposed design of the fighting vehicles - it was discovered 
that the new material did not need the costly .. and elaborate 
heat treatment to which conventional armour plate has to be 
subjected. In short, it was found that by a special rolling pro
cedure, the ballistic characteristics could be developed. without 
recourse to annealing, quenching, and tempering. 

This discovery rendered unnecessary the erection and equip
ping of specialised heat. treatment plants, and consequently in 
this and other ways greatly expedited and cheapened produc
tion. 

The final rolling of the plates was carried out at Messrs. 
Lysaghts Works Pty. Ltd., who were entirely responsible for the 
mass production methods employed in the rolling, shaping, and 
fabrication of the finished armour. 

AffiCRAFT CYLINDER BARRELS: 

. ,One of the major problems in Australia dudng the war 
was i the production of cylinder barrels for the building and 
maintenance of aircraft engines. 
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. ,-Initially,· barrels:•were produced by the _Commonwealth Steel 
company by te'gular forging methods, using steel n-0111 their 
electric arc furnaces. · 

· The demand for barrels became so great, however, that it 
was decided to produce the steel in the Broken Hill Pty. Co.'s 
open hearth furnaces and develop a method for the mass pro
ctuction of barrel forgings. 

• Messrs. Stewarts and Lloyds (Aust.) Pty. Ltd. successfully 
solved this problem of mass production in their seamless tube 
plant; a triumph •which proved an extremely. valuable contribution 
to the war effort, and the means of overcoming a very serious 
bottleneck in aircraft engine manufacture and maintenance. 

The ma'.rtitfacture of chrome-molybdenum steel for cylinder 
barrels brought many problems, the most important of which was 
to produce steel of the.,;requisite cleanliness to satisfy the meticu
lous magnaflux inspection given the finished barrel. Finally, in 
1942, after one of the Company's officers had been sent abroad 
to investigate steel manufacturing details and the inspection 
standards required on cylinder .barrels, all major difficulties were 
overcome. 

It may be nientioned that from this time rejections dropped 
to a very low :figure and compared more than favourably with 
overseas practic~. 

The Company's appreciation is extended to the Bethlehem 
Steel Company, U.S.A., for their timely assistance in this con
nection. 

While the greater part of the cylinder barrel steel produced 
was of chrome-molybdenum composition for single row and twin 
row Wasp engines, a considerable tonnage of carbon steel was 
made for the Merlin and the Cheetah engines. 

{n all, eleven thousand tons of cylinder barrel steel were 
made. 

GAS BOTTLE STEEL: 

The production, storage, and transport of gases, including 
oxygen, hydrogen, carbon dioxide, nitrogen, acetylene, and 
various refrigerant and other gases for high flying and medical, 
as well as for general engineering purposes, was of considerable 
wartime importance and necessitated the manufacture of many 
thousands of gas bottles. 

These containers were produced in large quantities by the 
British Tube Mills (Aust.) Pty. Ltd., Adelaide, and by Messrs. 
Stewarts and Lloyds (Aust.) Pty. Ltd., Newcastle. 

In all, 16;0'00 thousand tons of push bench quality, made to 
several British and Australian gas bottle steel specifications, were 
produced at •Newcastle.· 
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Among the many other interesting applications for which 
steels were produced in the Company's open hearth furnaces, 
the following are worthy of mention:-

Admiralty high tensile rivet and other steels for combatant 
vessels. 

Steel for rifle barrels. 
Link strip for machine gun cartridge belts. 
Bayonet steel. 
Steels for gunbarrels, breech blocks, recuperators, and other 

ordnance parts. 
Steel for components for the Bofors, Owen, Vickers, Lewis, 

and other guns. 
High tensile bolt steel for aircraft. 
Steel for aircraft landing gear and other components. 
Crankshaft and other steels for aircraft engines. 
Machete steel. 

ROLLING MILL DEPARTMENTS: 

While the operations of the mills covered much the same 
field as pre-war, the rolling of many of the special grades for 
munition purposes entailed difficulties. Besides the necessity 
for rolling new sections and new types of steel, the quality aspect 
as regards rolling defects was of necessity ever before the mill 
men, and with steels required for such purposes as balls for ball 
bearings and feed for cold drawing stock for aircraft and such 
like, an exceptionally meticulous control of all rolling mill opera
tions was essential. 

A factor which caused some trouble and loss of production 
was the necessity, on occasions, of producing very small quan
tities of various sections and compositions, particularly in con
nection with aircraft steels. 

Special problems were also encountered in the rolling of 
materials such as the Austenitic manganese steel required for 
helmets and supplied by the Commonwealth Steel Company. 

The rolling of large tonnages of alloy steels which in many 
cases were required to be slow cooled after each heating and 
rolling, necessitated the installation of slow cooling facilities i.n 
many of the mills, and in view of the enormous increase in the 
number of tests required on such steels, much additional equip
ment for the cutting and preparation of tests was found neces
sary. 

The large tonnages of alloy and special steels also neces
sitated considerable extension of steel conditioning facilities and 
equipment. 

COLD ROLLED STRIP DEPARTMENT: 

Prior to the outbreak of war in 1939, the Cold Rolling 
then housed in the present Alloy Steel building, was producing 
approximately 150 tons of cold rolled ·strip per month. The 



WARTIME ACTIVITIES, B.H.P. CO. 77 

plant, in those days, consisted of the 8in. Steckel mill, the 8in. 
and Siemag slitters, Morgan flying shear, box strapping line, 
and one 90k.w. electric annealing furnace. 

As the war progressed the demand for this product increased 
sharply, partly due to its increasing use in war materials and 
partly due to the limitation of import from abroad. It became 
quite apparent that the existing plant would be in no position 
adequately to meet this demand, and consequently plans were 
put in hand substantially to increase production. 

The initial steps in this expansion programme involved the 
construction of a mill building 90ft. x 360ft., with an annex 
for feed coil storage and pickling department 45ft. x 225ft. To 
increase the rolling capacity of the plant a lO½in. x 28in. x 18in. 
four-high reversing United Engineering and Foundry cold roll
ing mill was placed on order in America, together with a 12in. 
slitting machine and 12½in. down-cut flying shear to cope with 
the increased tonnage at the finishing end. Whilst the construc
tion of these machines was proceeding abroad, drawings were 
obtained from the U.S.A. for the 90k.w. electric annealing fur
naces, and the construction of two of these units was under
taken locally. At a later date it was found necessary further to 
increase the annealing capacity of the department, and a third 
furnace was built locally, making a total of four in operation. 

Pending the installation of the new equipment, efforts were 
made to increase the capacity of the existing plant, and an 
output of just over 200 tons per month was realised, which was 
an absolute maximum under conditions at that time. 

The new lO½in. x 28in. x 18in. four-high reversing mill was 
ultimately installed and rolled its first coil on 23rd May, 1941. 
With the increased annealing capacity and the new finishing 
machines, production jumped in the first six months of its opera
tion to 360 tons per month, rising in the next six months, after 
the mill crews became accustomed to the work, to 410 tons per 
month, at which level it was maintained. 

The capacity of the finishing end of the plant was now in 
excess of the rolling capacity, mainly due to the fact that the 
18in. mill had to carry the burden of 'skin passing,' the product 
which it had 'broken down,' after this product had been annealed. 
It was decided to instal an additional mill to handle this section 
of the work and the construction of a lO½in. x 28in. x 18in. skin 
pass mill was undertaken in the Company's workshops. This mill 
was to be of basically the same construction as the breakdown mill, 
except that the rolls were not to be driven, as light reductions 
only would normally be taken. This mill went into operation 
on 25th November, 1943, and raised production to a peak average 
of 740 tons per month for the six months ending 30th November, 
1944. 

Strip produced in the department during the war ranged up 
to 12in. in width and from 0.187in. to O.OlOin. in thickness. 
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The mi:tjor uses of strip produced · in the cold r61Iing milI 
included the :following:- · · ' 

Chain links for machine gun ammunition. 
Owen gun magazines; . 
Bren gun magazines.· 
Tail fins for aerial bombs. 
Rifle magazines. 
Aircraft parts. 
Bearings for motor transport. 
Springs for machine gun magazines. 
Clips for rifle cartridges. 
Commando knives. 
Toe and heel plates for military boots. 
Box strapping for U.S. Army. 
Flexible tubing for gas masks. 
Military buttons. 

Among the thousands of other,applications may be men~ 
tioned its use in wireless sets, signalling equipment, and· such 
like. 

The tonnage of finished product from 1the cold rolling mill 
during the war approximated 32,000 tons. ' ·· 

ALLOY .STEEL AND COLD DRAWING DEPARTMENT: 

Before the war this department's activities were confined to 
the chipping and reconditioning of billet feed for the merchant 
mills, and to the finishing, inspection, and shipping of alloy and 
special steel billets and sections rolled in the 18in., 12in., and lOin. 
mills. 

Shortly after the outbreak of war, the call for heat treated 
bars for various defence purposes increased greatly and neces
sitated the installation of a complete heat treatment plant 
capable of quenching and tempering bars in 13ft. lengths, and 
large tonnages of heat treated alloy steel bars were subsequently 
supplied to the Ministry of Munitions, Lithgow Small Arms 
Factory and• others. 

Early in 1941 the Company was asked to consider the pro
duction of cold drawn and heat treated bars of alloy and special 
steel which were essential to the development of the Australian 
aircraft programme, as there was every indication that the exist
ing cold drawing firms did not have the plant capacity, parti
cularly with respect to heat treatment, to meet the heavy war
time demand for this high-grade specialised product. 

It is not surprising that this position did exist, as. prior to 
September:1939, the amount of cold drawn and fully heat treated 
bar produced in Australia was negligible, and the firms producing 
cold drawn bar for general trade were also receiving extensive 
orders for their normal product urgently required for' war pur-
poses. · 
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The installation of the cold drawing equipment commenced 
in June, .1941, and included two drawbenches, a die polishing and 
sizing , machine, two reeling machines and a small, specially 
adapted gag press for bar straightening, a segmental circular 
saw and hacksaws, hot pointing machines and other accessories. 

It may .be mentioned that at the commencement of opera
tions the personnel of the department was almost entirely un
familiar with design, manufacture, and reconditioning of dies, as 
well as the practical details of the drawing of even soft steels and 
the immediate successful production of the high tensile alloy 
steels required for aircraft purposes could be r~garded as an 
ambitious project. .. 

Production of rounds was commenced in November, and after 
the initial difficulties were overcome, hexagons and other sections 
were successfully drawn. 

Throughout the period of operations inspection standards were 
continually raised, and ultimately every bar was meticulously 
examined for every conceivable defect. In addition to the Com
pany's inspection, the material was check inspected by resident 
Aeronautical Inspection Department inspectors and after des
patch was subject to the customer's inspection which was fre
quently assisted by their own A.I.D. inspector. 

Rounds, squares and hexagons in sizes varying from iin. to 
l}in. dia:rneter or width across the flat, were produced and the 
tonnage made totalled 3,600 tons, representing approximately 
nine million feet of product. 

At the end of the war, the cold drawing equipment, having 
served its purpose of supplying the requirements of the Com
monwealth Aircraft Corporation, the Department of Aircraft 
Production, the Beaufort and Maintenance Division and the De 
Havilland Aircraft Company and others, was dismantled. 

As a matter of interest, prior to 1939 the Alloy Steel Depart
ment personnel totalled 13, while at the peak of war production 
140 operatives were employed. 

Whilst this phase of the Company's war effort is probably 
amongst those least known, there is little doubt that the per
sonnel responsible for the installation and working of the plant 
can: feel proud of their contribution. 

STEEL FOUNDRY DEPARTMENT: 

,The steel foundry is normally a maintenance• department. 
and a shop for the production of castings, rolling mill rolls, and 
comparatively small tonnages of alloy and special steels. 

During the war, special rolls were made for the various 
munition ,and other mills throughout the Commonwealth . 

. Forging ingots of up to 42 tons and 60in. diameter in alloy 
and other steels were made for the manufacture of equipment 
for various defence projects. 
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A number of stern frames of up to 24 tons in weigqt were 
cast for merchant vessels under construction in the Common
wealth and for the repair of ships damaged by enemy action. 

The manufacture of these castings necessitated the con
struction of a special gas fired annealing furnace outside the 
foundry, 20ft. x 30ft. internal sectional dimensions, with a roof, 
which was removable in four sections for charging. 

The production of castings for machine tools, including those 
for about 30 forging and otl1er presses varying from 1,000 to 3,000 
tons capacity, was carried out in the steel foundry. 

In addition, some thousands of tons of shell steel were an
nealed in the steel foundry heat treatment furnaces. 

DIRECT l\IBTAL AND BRASS FOUNDRIES: 

The main item, apart from normal maintenance work, per
formed by the Direct Metal Iron Foundry, was the moulding and 
casting of an ingot mould weighing 76 tons. This mould, the 
largest cast in the Commonwealth, was made expressly for the 
manufacture of large forging ingots to be forged into high pres
sure cylinders for the fixation of nitrogen used in the manufac~ 
ture of synthetic ammonia for explosive production. 

In the brass foundry 4,928 castings of a total weight of 66 tons 
were cast for defence projects as follows:

Number: 

Large forging presses .. 
Chieftain type vessels 
Machine tools . . . . . . 
Shipbuilding board .. 
Defence department .. 
Australian standard steamships 
Barges for U.S. Army .. 
Shot and shell · annexes 
Magnesium plant .. 
Optical grinders .. 

514 
721 

1,572 
97 
80 

102 
255 

1,073 
500 

14 
4,928 

Weight: 
Tons Cwt. 

33 10 
4 1 
8 10 
1 0 
2 7 

10 
5 

66 

15 
15 

0 
0 
3 

1 

These castings were made to many and varied chemical 
compositions, including brasses, bronzes, and aluminium. 

Some of these castings were quite large for non-ferrous 
work and at least 60 exceeded 5001b. in weight. 

It is believed that no other Australian non-ferrous foundry 
makes castings of this size. 

HEAT TREATMENT DEPARTMENT: 

Prior to the commencement of hostilities the heat treatment 
work carried out was for plant maintenance only, and the equip
ment was housed in a building 75ft. x 56ft. with a staff of nine 
men. 
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In order to cope with the volume and variety of work under
taken by the Company to assist the war effort, new equipment 
was installed in three shops. 

These shops were known as:-
(a) The Main Heat Treatment Shop, situated adjacent to 

the Machine and Blacksmith shops and which carried out the 
heat treatment of all tools and work of a miscellaneous nature, 
such as forgings and general plant maintenance. A considerable 
amount of bar stock for customers' requirements was also treated 
in the main shop. 

(b) Tool Room Heat. Treatment Shop. This shop was speci
ally equipped for the heat treatment of tools and gauges of all 
kinds. 

(c) Alloy Steel Heat Treatment Shop. All the equipment 
in this unit was designed, built, and installed by the Company's . 
engineers for the treatment of alloy and other cold drawn steel 
for aircraft manufacture, two pounder gun barrels, aircraft 
cylinder barrels, etc. The shop was equipped with five furnaces, 
quenching tanks, and a mobile charging machine, and was cap
able of heat treating bars or pieces up to 13ft. in length. 

The three shops worked seven days per week · on a three 
shift basis and employed 69 men and 12 women, as compared 
with the pre-war heat treatment personnel of nine. 

The heat treatment department specified and allocated all 
steels required for heat treatment purposes and specified heat 
treatment procedures used in the manufacture of practically all 
tools, gauges, fixtures, and machine tools made in the Newcastle 
district. This routine also applied to similar work let to con
tractors outside the Newcastle area. 

Two of the first important jobs handled during the war 
were:-

1. The allocation and supply of steel and heat treatment 
instructions covering 700 drawings for Bren gun gauges, jigs, 
and fixtures, of which 630 were handled by outside contractors 
and 70 were made on the plant. 

2. The manufacture and supply of tools and gauges for the 
new 25 pounder, 18 pounder, and 3.7 cartridge case factory at 
Finsbury, South Australia. 

This order covered 6,988 items and was made up of 719 
punches, 598 dies, 5,283 cutting tools and taps, and 388 gauges 
and fixtures. 

A schedule was drawn up covering the steels to be used, 
manufacturing processes, heat treatment, etc., and after agree
ment was reached with Finsbury, work was proceeded with. It 
is of interest to note that this schedule later became standard 
procedure for all Australian ammunition factories. 

It is also of interest that with the exception of high speed 
steel, practically all the steel used on case tools was, until 1942, 
made at the Newcastle Works of the Broken Hill Pty. Co. 
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In addition to the two projects previously described, the 
followlng ar_e worthy of particular attention among the many 
important defence jobs carried out in the heat treatment 
shops:-

Item: 
Gauges ............... . 
Jigs and fixtures . . . . 
Thread mill hobs . . . . . . . . 
Cutting tools, including taps 
Caps for 17 pounder armour piercing shot 
Inserted tooth saw segments . . . . . . . . 
Aircraft cylinder barrels . . . . . . . . . . · .. 
Press tools for cartridge case manufacture 
2 pounder gun barrels . . . . . . . . . . 
Cold drawn steel for aircraft . . . . . . 
Rolled bars of alloy and special steel .. 
Tools for Baldwin Ohmes shell press . . . . 
All the necessary heat treatment in con-

nection with the manufacture by the 
Company of milling machines, file 
machines, optical grinders, plano millers, 
forging, and other presses, etc. 

No. Heat Treated: 
4,345 

173 
1,141 

26,847 
44,800 
9,400 
3,000 
3,870 

MASTER MECHANIC'S DEPARTMENT: 

One of the earliest and most serious bottlenecks encountered 
in converting Australian industry to munition production was 
the shortage of machine tools, and facilities and equipment for 
the manufacture of the thousands of jigs and gauges required 
for the innumerable projects undertaken during the early years 
of the war. 

Originally it was intended that the majority of the jigs and 
gauges required should be imported from England, and some 
consignments of this nature (which incidentally were lost in 
transit by enemy action) were actually shipped. In view of the 
serious position in an England at death grips with the Luftwaffe, 
and also the fact that America was unable to supply, consequent 
on her own entry into the war, it became imperative for Aus
tralia to rely on her own resources in this connection. 

While the Ministry of Munitions co-opted officers from 
various organisations, including the Broken Hill Pty. Co. Ltd., 
in order to rationalise the use of existing machines and equip
ment to best advantage, it was also necessary under the circum
stances to undertake, wherever possible, the manufacture of new 
machine tools and other equipment urgently needed to outfit 
the numerous factories .f;rom which munitions were anxiously 
awaited. · 

Although the B.H.P. Company's machine shops had little 
experience in the required direction, their engineering and main
tenance departments successfully produced 9 'Vide range of 
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equipment in., the way of forging presses,' machine t6ols, jigs, 
tools, and gauges, etc. . . 

A review of the major items undertaken by these depart-
ments is outlined below:~ . 

1. The manufacture of 11 hydraulic heading presses varying 
from 1,500 to 3,000 tons capacity, required for the manufacture 
of 25 pounder and other shell cases. 

2. One 2,000 tons hydraulic forging pr~ss to be used at t;tie 
Australian Iron and Steel Company's plant, for the forging of 
gun barrels and ships' forgings, such as tail .shafts, connecting 
rods, etc. · 

3. The supply of 18 complete sets of iron and steel castings 
for hydraulic heading presses, from. 1,500 to 2,000 tons capacity, 
to be constructed at the Australian Iron and Steel Company's 
plant at Port Kembla, Messrs. Evans Deakin, and the Ipswich 
railway workshops. These presses were also designed primarily 
for shell case production. 

4. The casting and machining of the main cylinder, bottom 
table and moving table for a 3,000 ton forming and blanking 
press, intended for use in aircraft manufacture at Chullora 
(Beaufort Bombers). 

5. Supply of cylinders for a 500 ton Davy forging press, 
for the Maribyrnong Ordnance Factory. 

6. Manufacture of forgings for a 1,200 ton heading and in
denting toggle press, to be used by the Colonial Sugar Refining 
Company for the manufacture of shell cases. 

7. Manufacture of one Baldwin Ohmes press for the making 
of 25 pounder high explosive shells. This machine was not,quite 
completed and was never put into service. The main frame of 
this machine, which weighed 26 tons, was cast in the Broken Hill 
Pty. Co. Steel Foundry. 

8. The construction of 20 vertical and 20- horizontal high 
speed milling machines for the manufacture of gun, aircraft, 
and ship components, and for general engineering purposes. 

While the majority of the parts for these machines was 
made on the works, a number was produced in various country 
towns in New South Wales, as well as in recognised engineering 
establishments in the large cities. 

The gearing, which was of an intricate design, presented 
some difficulties in manufacture, particularly since no facilities 
were available· in Australia for grinding hardened gears of ·ohe 
type required. Due to the. heavy duty expected of the gears, 
it was necessary to have them hardened. 

Messrs. Coote and Jorgenson undertook the whole of the 
gear manufacture, producing satisfactorily hardened gears with 
distortion controlled to such a degree that it was possible to 
produce quiet running without grinding after heat treatment. 

The body castings for the machines were made by the Clyde 
Engineering Company's workshops. 
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9. The machining of three spiral electric planer tables. The 
tables were of cast iron and had a finished cast weight of 20 
tons and were produced at the Ipswich railway workshops. 

These planers, which were intended for the machining of 
gun carriages, ships' parts, and general engineering work, were 
at that time the largest built in the country, the dimensions 
being 12ft. x 8ft. x 22ft. long. 

10. The manufacture of 10 optical grinders used for grind
ing profile gauges, templates, thread forms, punch and die sec
tions, milling cutters, hobs, master form tools for backing oft 
lathes, and tools for automatic machines. Some of the toler
ances for these machines were as low as two-tenths of a 
thousandth of an inch and prior to the war had not been made 
outside of Germany. The machine copied was of German origin. 

11. The manufacture of 14 file making machines for the 
Wiltshire File Company, Melbourne. These machines were very 
urgently required to meet the demands of the rapidly expanding 
munitions effort, which was rendered more acute because of the 
difficulty in obtaining supplies of files from abroad. 

12. The construction of three plano millers (mostly assembly 
work). These tools were required for manufacture of gun com
ponents and also to aid in the construction of locomotives, 
urgently needed for the transport of war materials to the 
northern states. 

13. In view of the acute position regarding coal supplies 
during the war the manufacture of 31 electric colliery locomo
tives was undertaken, of which 16 were completed and a number 
of others were in various stages of construction at the end of 
the war. The project included the construction of the necessary 
electric motors and all ball races. 

The manufacture of the electric motors and ball races was 
an intricate undertaking since neither of these items had been 
previously made on the plant. 

14. The machining and boring of a number of 48in. and 
36in. headstock boxes for gun turning lathes which were to be 
assembled by various other firms. 

15. The manufacture of miscellaneous components for an 80 
ton floating crane. This crane was built by the Clyde Engineer
ing Company for shipbuilding and repairs in Western Australia 

· and was, it is understood, ultimately despatched to the Persian 
Gulf. 

16. The manufacture of six boilers for standard freighters 
ordered by the Ministry of Munitions for coastal trade (River 
Class Vessels). 

17. The construction of engines, stern frames, rudder frames, 
and stern posts for two Chieftain Class ore carrying vessels. The 
engines were of quadruple expansion type of 3,200 i.h.p. 

18. Manufacture of a stern frame for the s.s. Allara, dam
aged by a Japanese submarine a short distance from the port 
of Newcastle. 
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19. Manufacture of 13 stern frames for standard ships. 
20. Installation of de-Gaussing apparatus on 10 vessels for 

protection against magnetic mines. 
21. Fitting of gun mountings on 11 vessels for submarine and 

anti-aircraft protection. 
22. Installation of. paravanes on 17 vessels for protection 

against floating mines. 
23. The design and partial fabrication of one 30in. bloom 

mill and one lOin. bar mill, together with the necessary acces
sory equipment for the Commonwealth Steel Company for the 
rolling of stainless and other special steels. These mills were 
installed by Commonwealth Steel Co.'s own personnel. 

24. The manufacture of two 15in. Lewis cold mills and one 
36in. Lewis hot mill, required for the rolling of aluminium sheet 
for aircraft and for other purposes at the Australian Aluminium 
Company's plants at Granville and Wangaratta. 

25. The manufacture of a 15in. cold rolling mill for the Fins
bury Ammunition Factory to be used for the rolling of brass 
sheets for shell case production. 

In addition to the above, the following were among the 
many forgings produced for defence purposes in the blacksmiths' 
shop:-

341 tools for the Whyalla tool room. 
2,000 axles for Bren gun carriers. 
400,000 service rifle barrels. 
800 punches for Stewarts and Lloyds (Aust.) Pty. Ltd., 

used for shell manufacture. 
8,000 punches, dies, bolsters, etc., for the Ministry of 

Munitions for cartridge case manufacture. 
Several hundred miscellaneous small forgings for Bren 

gun and Owen gun jigs. 

BARGE AND TUG BUILDING: 

In order to assist the Allied drive across the Pacific, a small 
shipbuilding yard was constructed on the banks of the Hunter 
River and the manufacture of tugs and barges was undertaken. 

Commencing in May, 1943, the first barge was launched in 
August, 1943, and 164 were completed by October, 1944. 

The barges were for the U.S. Army and were of all-welded 
construction. Their dimensions were 80ft. x 26ft x 7ft. with a 
displacement of 80 tons. 

The average production was four barges per week and the 
best performance between launchings was 12 hours. 

After completing the order for barges, the construction of 
75ft. x 18ft. x 9ft. draught ocean going, all-welded tugs, was put 
in hand. 

The tugs were fitted with 320 h.p. Atlas Diesel engines and 
had a displacement of 146 tons. 
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The first tug was commenced in September, 1944, and 
launched in Dec~mber; 1944. Fifteen tugs (8 for U.S: Army and 
7 for Royal Navy) were completed. ' 

The average time between launchings was 3 weeks and the 
fastest time was 16 days. · 

In one instance a tug left port for the battle area with two 
barges in tow, 72 hours after launching, In this period the 
main· engine had been lined up and bolted down and the vessel 
had undergone wharf trials and sea trials, compass adjustments, 
fuelling, and provisioning, etc. 

The tugs carried sufficient fuel to travel 4,000 miles and had 
a maximum speed of 10 knots per hour. 

TOOL ROOM: 

Shortly after the outbreak of war, when the quantity and 
variety of munitions to be produced in Australia became ap
parent, it was realised that the Company's existing tool room 
facilities and equipment were totally inadequate and a new tool 
room was therefore designed and built, the overall dimensions 
being 202ft. x 103 ft. 

This unit, which was erected in a locality free from vibra
tions caused by the heavy mills, cranes and traffic, was equipped 
with the most modern machines obtainable, including a Number 
6,B Societe Geµl:)voise jig borer, one of the largest of its type in 
the Commonwealth. 

A Number 10 matrix thread grinder, an optical profile 
grinder (made on the works) and a large Taylor Hobson pro• 
jector for checking purposes, were also included among the 80 
machine tools installed. 

Particular reference may be made to the metrology section, 
which contains all the precision measuring equipment required 
in modern tool room practice. 

This equipment includes a very fine horizontal projector, 
tool makers' microscopes and a screw thread measuring machine, 
etc. Many of the instruments are capable of measuring to very 
fine limits and in some cases to O.OOOOlin. or better. 

The metrology section was staffed largely by girls, who per
formed an exacting job in a very creditable manner. It was, 
and is, still recognised as a government approved metrologY 
centre. 

The tool room made an extremely valuable contribution to 
the war effort by the manufacture of innumerable gauges, jigs,; 
and fixtures of various kinds. 

In the original tool room, the labour force numbered 35, 
while in the new unit, working 21 shifts per week, 275 persons, 
were employed, including 60 women and 60 apprentices. 
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Among the many outstanding jobs carried out in the tool 
room the following are worthy of particular mention:-

The tooling for Cheetah cylinder production for Avro 
Anson aircraft. 

Gauges and fixtures for Bren gun manufacture. 
Tooling for Owen guns. 
The production of shell case drawing tools for brass shell 

case manufacture. 
Gauges for the Twin Row Wasp engine for the Beaufort 

bomber, Beaufighter, and other planes. 
Tooling for Merlin engines. 
Tooling for numerous types of shells. 
The manufacture of segments for segmental saws 

urgently needed for the cutting of shells to length 
and other purposes. 

All the tungsten carbide tools used in the Company's shot 
and shell annexes and also those of Stewarts and Lloyds, and 
the Commonwealth Steel Company, were shanked and ground 
in the tool room. 

The total number of tools, gauges, jigs, and fixtures pro
duced to the order of the Ministry of Munitions during the war 
exceeded 34,000. 

SHELL AND SHOT MANUFACTURE: 

Following his world tour in 1934, the Chief General Manager 
of the Broken Hill Pty. Co. Ltd., Mr. Essington Lewis, was con
vinced from his own personal observations that another world 
war was inevitable, probably within the decade, and from his 
intimate knowledge of Australian industry, knew that Britain, 
as well as her potential allies, were totally unprepared for such 
an emergency. 

It would appear that his pleas to the captains of industry 
in England and the New World to prepare for such an eventu
ality fell on deaf ears, but he returned to Australia with the 
expressed intent, through the medium of his organisation and 
to the extent to which it was possible, of laying the foundations 
for an all out war effort. With this in mind he gradually ac
cumulated comparatively huge stores of strategic materials of 
all kinds and also decided to get some experience in the actual 
business of making munitions, since heretofor these had been 
produced in Australia wholly and solely at the ordnance factory 
at Maribyrnong, Victoria. 

The first step was taken towards the end of 1936, when the 
then machine shop foreman of the Broken Hill Pty. Co. visited 
the Ordnance Factory, Maribyrnong, to study shell manufacture 
with a view to tooling up certain of the machines in the machine 
shop for the production of 18 pounder H.E., 3in. 20cwt. anti
aircraft, and 4.5in. howitzer shells. 
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As a result, jigs, fixtures, tools, and gauges were designed to 
suit existing machines and their manufacture commenced. 

It was then decided to build an annex to the machine shop 
for shell making, which ultimately became known as the small 
works section. 

The machines used were mostly old general purpose lathes, 
which were reconditioned and converted to individual motor 
drive. Several new lathes were purchased, however, including 
three high speed tools manufactured in Australia to the Com
pany's own specifications. 

Most of the tools and gauges for this pre-war project were 
made by the Sutton Tool and Gauge Company, Melbourne, to 
designs supplied by the Ordnance Factory, Maribyrnong, but 
replacements were made in the old tool room. 

Precision measuring equipment was purchased and installed 
in a special room within the small works section building and in
cluded a Cussons horizontal projector, a 24in. end measuring 
mJlchine of National Physical Laboratory design, and other high 
grade equipment. · 

Production Was commenced in May, 1938, on 18 pounder H.E. 
shells, on a single shift basis with an output of 500 shells per 
week. · ·· ··' 

The labour employed was entirely unskilled and comprised 
erstwhile farmers; clerks, and labourers, very few of whom had 
ever seen a lathe before. 

The government order for 18 pounder H.E. shells was foi
lowed by orders for 3in. 20cwt. anti-aircraft shells. 

Some months before the outbreak of war, the shop went on 
to two shifts and immediately hostilities commenced onto a 
three shift seven day per week basis. 

Under these circumstances production increased to 2,500, and 
later to 3,500 shells per week. 

It will be obvious that the experience so gained in shell 
making by both operators and executives, prior to commence
ment of hostilities, was invaluable when production was moved 
from this small shop into a special shell annex. 

The total number of shells made in the small works section 
was:-

18 pounder H.E. 
3in. anti-aircraft 

300,592 
49,632 

TWENTY-FIVE POUNDER SHELL: 

In October, 1940, W. J. Smith, the then recently appointed 
Director of Gun Ammunition, with Lieut.-Col. Rowe, visited the 
Newcastle Steel Works to discuss the possibility of manufactur· 
ing 25 pounder H.E. shell forgings at the steel plant. The basis 
of the negotiations was that the Ministry of Munitions was to 
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supply the necessary forging and machining equipment, whilst 
the Company was to provide a suitable building to house this 
equipment and the necessary power, water, and fuel supplies. 

A site was examined, together with the Department's hastily 
prepared layout sketches of the proposed annex. 

Agreement having been made to start the project, a new 
department was formed at the steel plant to follow the design, 
construction, and operation of the annex, and work was im
mediately put in hand. 

Examination of machinery specifications showed that all 
electrical equipment being supplied was to operate on a 50 cycle 
alternating current power supply, whereas only 25 cycle A.C. 
power was available at the steel plant from its own generating 
station. Negotiations were hurriedly made and finalised with 
the local electric power distributors-the City of Greater New
castle-to la.y the necessary feeder mains and instal suitable 
transformers at the annex, which it was proposed to erect near 
the Council's transformer lines at the south-west corner of the 
property. 

It was learned that the equipment for forging the shell 
bodies was being obtained from the U.S.A. and no similar equip~ 
ment existed in Australia. However, 25 pounder shells were being 
made at Stewarts and Lloyds (Aust.) Pty. Ltd., Newcastle, al
though by a somewhat different method, so this was studied 
and a general layout prepared for the new annex. This called 
for a building 350ft. long and 75ft. wide, the erection of which 
was commenced in December, 1940, and completed in March, 
1941. 

The Company undertook to design and manufacture suitable 
furnace equipment to heat the billet blanks prior to forging, 
cooling conveyors for shells after forging, means of cutting billet 
blanks for bars supplied by the rolling milis, a swart cutting 
machine, and other various and miscellaneous equipment. All 
this work was pushed on, together with the installation of the 
equipment as it began to arrive, and early in May, 1941, a trial 
was made on the forging press. 

As previously mentioned, this press . was one of a number 
imported from the U.S.A., where, however, it was comparatively 
new. The press was of a design that originated at the famous 
Skoda Armament Works in Czechoslovakia and the story goes 
that one of its employees departed for America with drawings 
of the press a few days before the Germans occupied the 
country. 

After the design and manufacture of suitable tools and dies 
for the press had been completed in the Company's workshops, 
actual shell forging production was undertaken. 

A start was then made to train an operating crew to work 
one eight hour shift per day and to collect the necessary 
numbers of press tools and dies and other working spares to, 
enable production to proceed smoothly on a three shift basis. 
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Labour was scarce and, other than several supervisors, very 
few men could be diverted from the steel plant. The great 
majority of the new men employed had not worked in an indus
trial undertaking before, many of them came from the country 
and these finally formed the backbone of forging crews working 
three shifts per day, seven days per week. 

Production seemed to grow slowly in those early impatient 
days, but within five months the Ministry's requested output of 
12,000 shell forgings per week was reached. Within the next six 
months a maximum weekly production of 30,000 shells was made 
and an average of 24,800 per week was produced over a six
monthly period. 

Meanwhile many production, forging, and machining prob
lems were being overcome, not the least of which was the estab
lishing of equipment, and training of operators to make and 
service the forging and cutting tools required to maintain 
output. · 

The rapidly expanding forging production, however, brought 
with it an increased percentage of forging rejects, but this 
trouble was finally reduced to a reasonable figure. Rigid shop 
inspection, covering many phases of operation, was essential to 
keep rejects in bounds. 

The equipment supplied to machine the shells after forging 
was of Australian design and manufacture, and the good per
formance of this equipment under the arduous conditions pre
vailing cannot be overstressed, but the main problem was to 
obtain sufficient machines to cope with the expanding forging 
production. The obtaining and training of machine operators. 
tool setters, fitters, and foremen was also a problem as produc
tion grew. Men who had only a few years before been labourers, 
in construction gangs were trained to be foremen, and 'handy'! 
men were trained as fitters. ' 

Approximately 250 men were employed i~ this annex when" 
producing an average of 25,000 finished shells per week. work) 
was carried out continuously on a three shift basis, seven days:, 
per week, with one or two shifts shut down on the press on" 
Sundays for repairs. Most operators worked 48 hours per week,~ 
which necessitated working under a continuous seven day roster.;: 
system. A production bonus was paid to every operator and a~ 
keen rivalry developed between the forging and machining} 
sections. 

7 

The manufacture of .25 pounder shells ceased on 25th June,$ 
1943, a total of 1,450,979 having been despatched since corn-'t 
mencement of operation. 

The outstanding feature in the operation of this annex 
the very good and sustained performance of the forging 
,Overseas reports indicate 'that on figures its production 
was as good as any similar type in England or the U.S.A. 
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Although greater hourly productive shell forging units have 
been developed and used elsewhere, the Baldwin Ohmes forging 
press unit used at this and other Australian annexes proved 
itself as very suitable for isolated and dispersed factories of 
rp.oderate capacity, such as were established in Australia. 

TWENTY-FIVE POUNDER A.P. AND SEVENTEEN POUNDER 
A.P.C. SHOT 

In January, 1941, the Ministry of Munitions requested the 
Broken Hill Pty. Co. Ltd. to undertake the manufacture of 25 
pounder armour piercing shot at its Newcastle Works. An annex 
capable of producing 7,000 shot per week was called for and the 
basis of the venture was that the Ministry of Munitions would 
supply all of the equipment for machining the shot, the Com
pany would provide additional specialis~d equipment and a suit
able building, and would operate the annex. It was also neces
sary in this instance for the Company to evolve a manufacturing 
procedure as no details were available in this country of methods 
of manufacturing 25 pounder A.P. shot. 

A site was chosen adjacent to the newly erected 25 pounder 
shell annex, but before a building could be erected a process of 
manufacture had to be decided upon and this involved a good 
deal of time and planning. It was soon found that the manu
facture of A.P. shot required a number of different operations 
involving forging, annealing, machining, and hardening, and also 
the use of a special alloy steel. 

Details of the method of manufacturing armour piercing 
bombs which were available at Maribyrnong Ordnance Factory 
and methods of manufacturing armour piercing naval shells 
which were in possession of the Commonwealth Steel Co. Ltd., 
were studied. Such details, however, were not fully applicable · 
to solid armour piercing shot, but were helpful insofar as they 
provided technical information concerning the heat treatment 
of the special steel used, and the hardness gradient required in 
armour piercing projectiles. The production methods used for 
manufacturing relatively heavy bombs and the A.P. shells were 
not applicable to the quantity production of relatively small 
shot, although some meagre)nformation received from overseas 
showed that shot were handled in much• the same fashion as 
the heavier bombs. 

A method of manufacture was finally decided upon, planned 
along production lines, and this necessitated a building 450ft. 
long and 75ft. wide. Its construction was commenced in June, 
1941, and completed in September, 1941. Quite a good deal of 
the equipment in the annex comprised forging, annealing, and 
specialised heat treatment equipment of an original character, 
which was completely designed, manufactured, and installed by 
the Company. 

Sufficient progress had been made by December, 1941, to 
commence operations in a small way, antj. to experiment in 
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hardening of shot, which is a very particular and important 
part of the manufacturing procedure. Before the shot could be 
accepted by the Army, samples had to be submitted to a very 
rigid proof test and by 13th March, 1942, a small parcel of ex
perimental shot was made and submitted for proof. A measure 
of success was obtained during this first test, which was made at 
the.newly equipped Stockton Proof Range, The tests indicated 
that certain modified hardness characteristics were necessary 
and a further experimental lot of shot was manufactured and 
proved on 20th March, 1942. This test was very successful and 
arrangements were then made to commence production and 
training of operators on a one shift per day basis. 

The proofing of the first production shot was very carefully 
watched so as to make certain that they performed equally as 
well as the first 'hand made' shot. These tests quickly showed, 
however, that the equipment installed could turn out satisfactory 
shot on a production basis with reliability. This in itself was a 
triumph, as it was understood that the manufacture of A.P. shot 
was virtually a 'made on the knee' process in England. 

A great deal of difficulty was experienced in the machining 
of the A.P. shot on account of the very tough nature of the steel 
used. Unfortunately, no one had any experience in machining 
this material on a mass production basis, and the machines 
supplied were scarcely rugged enough for the heavy work en
tailed. This fact militated against the annex reaching pea1' 
production quickly, although shot could be readily forged and 
hardened at the rate of 12,000 per week. 

By the time this annex began to produce, male labour was 
. also· extremely scarce, and it was decided to employ female 
labour. This decision proved a very happy one, as an excellent 
team of female operators was trained from the womenfolk offer
ing in the district. At the same time, alterations were made 
to the machines and heavier machines were finally used, but as 
full production was about to be realised, word was received that 
sufficient 25 pounder shot had been manufactured. 

Some 292,020 shot were made, of which 99.3 % was accepted 
at first proof. This was a creditable performance and compared 
favourably with the results of overseas manufacturers much more 
experienced in this type of work. 

Women played an important part in the openi.tion of this 
annex, carrying out all the machine operations, some of the hard
ening work entailing the manipulation of furnace equipment., 
and a good deal of the inspection, both for the annex operation 
and for the Army. 

In June, 1943, the Broken Hill Pty. Co. was requested to 
change over to the production of 17 pounder armour piercing 
capped solid shot. The operations involved in the manufacture 
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of this shot were similar to the 25 pounder, except that a cap 
had to be manufactured and fitted to the nose of the shot. 

As the 17 pounder shot was fired at more than twice the 
velocity of that used for the 25 pounder, its manufacture pre
sented some particular problems, especially as the proof tests 
were much more severe. However, with the equipment installed 
an excellent shot body was produced, but it was necessary to 
have certain phases of the manufacture of the cap effected out
side the annex, as there was not sufficient time to make and 
install equipment in the annex. Thus Stewarts and Lloyds (Aust.) 
Pty. Ltd., forged the cap, whilst the Commonwealth Steel Com
pany machined and annealed it, after which temporary equip
ment was installed in the Broken Hill Pty. Co. Tool Room Heat 
Treatment Shop to carry out the necessary hardening. New equip
ment was installed in the annex to monolise the cap to the shot. 

In the cap of the 17 pounder shot, quite a good deal of 
experimental work was involved making a shot which would 
pass proof. In the early stages it was difficult to determine just 
which section of •the projectile-the cap or the shot body-was 
at fault, although the. annex executives were almost certain that 
the correct characteristics had not been found for the cap. The 
problem was finally solved by obtaining some samples of Had
field's shot, from which the caps were removed and placed on 
Broken Hill Pty. Co. shot bodies. This combination shot performed 
excellently and provided sufficient evidence to enable satisfactory 
caps to be produced. 

Of a total of 78,544 17 pounder A.P.C. solid shot, 42,210 were 
completed and 36,334 partially completed and sent to Maribyr
nong Ordnance Facitory before the annex closed down on 15th 
November, 1944. 

The initial difficulties experienced in the manufacture of 
17 pounder A.P.C. shot might well have been overcome earlier 
if the proof range had been equipped with a high-speed camera 
to record the behaviour of the cap and shot at the moment of 
impact. In regard to this matter there is no doubt that the co
operative a.ttitude of the Stockton Proof Officer helped materially 
in solving the difficulty. 

The outstanding feature of the manufacture of A.P. shot 
was the consistent success obtained at proof and the very good 
job done by the female operators, who constituted the majority 
of the operating staff. 

Since the war all shell and shot production has ceased and 
most of the equipment has been dismantled and disposed of. 

FERRO ALLOYS DEPARTMENT. 

Prior to World War 2, the Australian steel industry depended 
entirely on overseas 1:;ources for· the supply of ferro alloys. 
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These materials consist of iron alloyed with one or more 
other elem,ents, the latter usually being present in the greater 
proportion. 

In addition to being used for the manufacture of alloy ste,els, 
large quantities in the form of ferro-sili.con and ferro-manganese 
are essential for the production of by far the greater proportion 
of ordinary carbon steels. 

In view of the ominous trend in events overseas and the dire 
consequences to Australian industry should the supply of ferro 
alloys fail, the Broken Hill Pty. Company decided, just prior to 
the war, to undertake production in Australia. 

For this purpose buildings and plant wPre designed and con
structed for the manufacture of practically all ferro and other 
alloys and metals necessary for the production of steel, as well 
as for other purposes. 

As a matter of convenience their manufacture was segregated 
into two groups, known colloquially as the Major Ferro Alloys and 
the Lesser Ferro Alloys. 

The building erected for the production of the major ferro 
alloys (those made in large quantities) is 60ft. wide and 300ft. 
long with a 30ft. x 200ft. annex on one side for handling and 
storing finished products, and another 30ft. x 180ft. on the other 
side for high tension switch gear, transfonr.ers, and electrode 
controlling winches. 

In the building three 3,500k.v.a. stationary ferro alloy three
electrode electric arc furnaces were installed, together with one 
l,500k.v.a. tilting electric arc furnace of the Heroult type and one 
200k.v.a. induction furnace. 

Production figures for the various major ferro alloys made 
during the war are as shown below:-

Ferro silicon (50% Si.) . . . . . . 
Ferro silicon (75% Si.) ..... . 
Ferro chrome (High C.) ... . 
Ferro chrome (Low C.) . . . . 
Ferro zirconium. . . . . . . . . 
Silica manganese ·. . . . . . . . 
Ferro manganese (High C.) 
Ferro manganese (Low C.) 
Chrome silicide (2.0% C.) 
Chrome silicide (1.0% C.) 
Chrome silicide (0.2 % C.J 
Chrome silicide (0.1 % C.) 

Tons 
29,919 

323 
6,510 
1,503 

463 
1,808 
1,014 

11 
255 
108 
322 

1,586 
All of the above alloys were made by thermo-electric reduc

tion processes in the various electric arc furnaces mentioned, 
using metallurgical coke and/or silicon as the reducing agents. 

In view of the fact that a contribution covering ferro alloY 
production ('l is to be presented to this meeting, manufacturing 
processes will be omitted or only briefly dealt with in this paper. 
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An interesting feature associated with the manufacture of 
the major ferro alloys was that-electrodes for the furnaces could, 
only with difficulty, be purchased overseas and hence had to be 
made in Newcastle. · 

For this purpose a special plant was constructed for the 
manufacture of the Soderberg electrode. This is a self-baking, 
continuous, pointless electrode which may be inserted into the 
furnace, even while the latter is operating, and is baked hard by 
the furnace heat. 

It consists essentially of an internally ribbed cylinder con
structed of 18-gauge steel sheet, in three-feet lengths, into which 
is filled a paste consisting of a specially prepared mixture of 
graphitised anthracite coal and tar. The cylinder is lengthened 
as the lower portion burns away by welding on new sections at 
the top and filling with paste. 

The anthracite coal is graphitised in the 200k.v.a. two-elec
trode single phase furnace located in the Lesser Ferro Alloy 
building. 

During the war 1,700,000lb., or 762 tons, of Soderberg paste 
was made and used for the manufacture of 30in. diameter elec
trodes. 

The building erected for the production of the so-called 
lesser ferro alloys (usually more expensive than the major 
ferro alloys and made in relatively smaller quantities) is 50ft. x 
330ft. long, and equipped with the necessary chemical and fur
nace plant for the production of tungsten, a 200k.v.a. single phase 
electric arc furnace, together with equipment for various 
alumino-thermic processes. 

In the Lesser Ferro Alloy Plant the following metals, alloys, 
and other materials were produced:-

lb. 
Tungsten oxide . . . . 756,070 
Tungsten powder . . . . 512,424 
Ferro tungsten . . . . . . 476,302 
Calcium tungstate . . . . 183,561 
Manganese aluminium . . . . 6,847 
Special aluminium manganese . . 745 
Aluminium titanium . . . . 4,455 
Ferro titanium . . . . . . 348,504 
Ferro molybdenum . . . . . . 45,914 
Ferro vanadium . . . . . . . . 2,240 
Silicon metal . . . . . . . . . . 1,666 
Manganese metal . . . . . . . . . . . . 140 
Cobalt powder . . . . . . . . , . . . 1,800 
Aluminium powder . . . . . . . . . . 216,066 

The requirements of high-speed tool steel manufacture and 
the production of tungsten carbide tool tips and dies, and also 
tungsten carbide rod and wire, necessitated the manufacture of 
tungsten and a number of tungsten compounds. 
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For this purpose the required chemical and metallurgical 
plant for the extraction and subsequent treatment of these 
materials from wolframite and scheelite was installed in the 
Lesser Ferro Alloy building as previously mentioned. 

The equipment for the primary extraction of tungstic acid 
from wolframite included pulverisers, classifiers, chemical diges
ters, filters, and precipitation tanks, &c. 

For production of tungsten metal, primarily for use in steel 
making, tungstic acid was roasted to tungstic oxide and then 
reduced to tungsten powder in tube furnaces, using mixed coke 
oven and blast furnace gas as the reducing medium. 

For tungsten carbide manufacture the tungstic acid was 
very carefully purified by repeated washing with dilute hydro
chloric acid and reduced to a very fine-grained tungsten powder 

· in the tungsten carbide plant. 
The production of ferro-tungsten, also required for steel 

making, was by alumino-thermic methods from both wolframite 
and scheelita in conical steel pots lined with calcined magnesite. 

In high speed steel manufacture a certain proportion of the 
required tungsten may be introduced as calcium tungstate, and 
consequently a considerable amount of this compound was also 
made. 

Manganese-aluminium, and aluminium-manganese alloys re
quired as hardening additions for magnesium casting alloys were 
also produced in the Lesser Ferro Alloy department by alumino
thermic methods. 

For the stabilisation of stainless steels to prevent welding 
decay, one of the elements used is titanium. For this purpose, 
therefore, a considerable quantity of ferro-titanium was required. 
This material was also obtained by alumino-thermic methods 
from the rutile-ilmenite sands from Byron Bay on the north 
coast of New South Wales. 

A quanUty of aluminium-titanium, required for the grain re
finement of Duralumin type alloys was made by alumino-thermic 
methods from rutile concentrates, also obtained from Byron BaY 
beach sands. All of the alloy produced was used by the Australian 
Aluminium Company at Granville. 

In view of the extreme shortage of molybdenum in Australia, 
necessary for many purposes, including the manufacture of gun 
barrels and other important projects, efforts were made to supple
ment the existing stock by the local production of ferro-molyb
denum. 

While many difficulties were associated with the production 
of this material, a considerable quantity of the alloy was 
by melting molybdenite with lime and coke in a 200k.v.a. single 
phase arc furnace. 

Ferro-vanadium, essential to high-speed steel manufacture, 
was also in short supply in Australia, and small amounts 
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made from South African vanadium pentoxide, as supplies from 
Australian deposits were negligible. It was also made by alumino
thermic methods. 

Cobalt was required during the war both· for the manufacture 
of special welding rods and as an 'ingredient of tungsten carbide 
tool tips and dies, and was made by two separate methods, the 
first for welding rods being by mixed gas reduction of commercial 
cobalt oxide. The material used for the manufacture of tungsten 
carbide was very fine grained and was prepared from pure sheet 
cobalt supplied by the Electrolytic Zinc Company, Risdon, Tas
mania. 

S'ilicon metal was needed for the generation of hydrogen gas 
for R.A.A.F. Sonde meteorological balloons at locations where 
compressed hydrogen in cylinders was not available. 

It was prepared by the reduction of specially selected quartz 
with wood charcoal in the 200k.v.a. single phase arc furnace. The 
purity of the metal produced was 98-99% minimum. 

In view of the shortage of tin for use in bronzes, silicon
manganese brasses were in some cases substituted, and for this 
reason the manufacture of a small quantity of manganese metal 
was undertaken. 

It was made by alumino-thermic reduction of pyrolusite and 
from manganese dioxide mud resulting from the purification of 
zinc sulphate liquors at the Electrolytic Zinc Company's plant at 
Risdon, Tasmania. 

For the various alumino-thermic production processes men
tioned above, a large quantity of aluminium in finely divided 
form was necessary. This was produced in the shape of alu
minium powder by atomising a stream of molten aluminium in 
an a:ir blast. 

The aluminium was originally obtained in the form of scrap, 
such as bottle top foil, discarded spun kitchen utensils, and sheet 
stamping scrap, &c., but ultimately as ingots from the Ministry 
of Supply. 

TUNGSTEN CARBIDE DEPARTMENT. 

Tungsten carbide can well be described as the 'mighty atom' 
of the engineering industries. Its production in Australia neces
sitated the development of a complex series of rigidly controlled 
operations, as the secrets of overseas manufacturing technique 
have never been made public. 

Tungsten carbide is sold by the ounce under many trade 
names and is used in small prescribed shapes, which are usually 
brazed on to steel mounts. 

Its main uses are as cutting tools and as dies for drawing wire 
and tubes, although its general applications are many and varied. 

It is one of the hardest materials known, and in service also 
exhibits the invaluable characteristic of retaining its cutting edge 
even although heated to redness by friction. 
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Just prior to World War 2, the necessity for making Australia 
independent of overseas supplies of tungsten carbide products 
was realised. With this object 'in view the Broken Hill Pty. Co. 
Ltd. negotiated with overseas manufacturers to obtain the neces
sary technical information for tungsten carbide production. How
ever, this information was not forthcoming, and in December, 
1940, a small team of technicians was selected to carry out re
·search on methods of production. 

Approval for the building of a pilot plant was given in 
January, 1941, and erection commenced immediately. 

In the meantime experimental work on a laboratory scale 
was proceeding, and the first wire drawing· die was produced on 
January 15th, 1941. In February a few tips for cutting cast iron 
were made but it was not unt'il the middle of April, 1941, that a 
tool tip capable of cutting steel at high speeds was available. 

The pilot plant was completed in September, 1941, and the 
developmental work necessary to evolve a satisfactory large scale 
production technique was commenced. 

Early in October, 1941, the first successful steel cutting tips 
were produced, and by the middle of December, 1941-anly twelve 
months after research began-the secrets of the process had 
been mastered and the Company's 25 pounder H.E. shell annex 
was using 100% B.H.P. tips, and in January, 1942, the Rylands 
Bros. (Aust.) Pty. Ltd. wire m'ills changed over to 100% locally 
made tungsten carbide wire drawing dies. 

In view of the intricate and very technical nature of the 
operations involved the successful development of tungsten car
bide manufacture in this country in such a short time is regarded 
as a major triumph. 

MAGNESIUM DEPARTMENT. 

Magnesium is the lightest of all commercial metals, its 
density being two-thirds that of aluminium. The chief uses of 
the pure metal are for alloying with aluminium or as a deoxidiser' 
in casting brass, bronze, nickel, &c. As magnesium powder, its 
great combustib'ility and intense emission of light render it most 
useful for the manufacture of flares, star shells, and for ignition· 
mixtures. 

Magnesium rich alloys of the Elektron series, containing' 
aluminium and copper, &c., are of great importance in the air·' 
craft industry in view of the'ir combination of strength and light
ness. 

Aluminium alloys o.f the Duralumin type, containing magnes-j 
ium, together with small amounts of other elements, also possess: 
exceptional strength in proportion to their weight, besides ex-; 
hibiting very satisfactory ductility. · l 

Magnesium and most magnesium alloys are also particularlY{ 
easily machineable. ' 
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In view of these facts it is easy to understand why magnesium 
is regarded as a strategic metal of great importance, p~rticularly 
in the aircraft industry. 

Because of the great impetus in the manufacture of aircraft 
at the outbreak of war, with a consequent world shortage of mag
nesium, the company decided in July, 1940, to construct a plant 
for the manufacture of the metal in this country, and two officers 
were sent abroad to investigate plant and manufacturing 
methods. 

It is indeed a creditable performance .that just over one year 
from the date of the departure of these officers for England, 
buildings and plant were so far advanced as to enable production 
of magnesium to commence. 

The building consisted of a main structure with a 30ft. lean -
to on each side, the overall dimensions being 336ft. 3in. x 134ft. 

The method of manufacture was fundamentally the same as 
that used by Murex Ltd., England, with whom an agreement was 
contracted, and consisted of the thermal reduction in high 
vacuum of magnesium oxide with calcium carbide, 'in steel retorts 
at a temperature of about 1,150°0. in gas-fired furnaces. 

In order that the retorts should reasonably withstand the 
exceptionally. high furnace temperatures, they had to be pro
tected with high alloy heat resistant sheaths. The sheet for the 
construction of the latter was initially imported, but was later 
made and supplied by the Commonwealth Steel Company. 

The calc'ium carbide used for the process was at first obtained 
from the Australian Commonwealth Carbide Co. Ltd., Tasmania, 
but the manufacture of this essential material was later under
taken and successfully produced in one of the ferro alloy electric 
arc furnaces. 

At the conclusion of the war, the reduction in Australian 
aircraft manufacture and the ready availability of supplies from 
overseas rendered further production unnecessary and undesir
able, and the plant was closed down and later demolished. 

During the war 2,582,000lb. of magnesium crystals were pro
duced. 

All magnesium crystals were remelted in a special furnace 
and about 90% was alloyed with aluminium and other metals and 
cast into ingots for use in the aircraft industry. 

The remainder was cast into cheeses for the manufacture of 
magnesium powder. 

For tlris latter purpose a special building was constructed 
which, due to the combustible and, under certain circumstances, 
explosive properties of magnesium dust, was designed to prevent 
the lodgment of dust particles. Special pneumatic cleaning de
vices had also to be installed to prevent dust accumuiating on 
floors and walls. 
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Production figures for the three years in which the mag
nesium and magnesium powder plants operated were as follows:-

lb. 
Magnesium crystals . . . . . . 2,582,023 
Magnesium ingots . . . . . . . . 2,019,375 
Magnesium cheeses . . . . . . 840,343 
Magnesium powder . . . . . . 514,463 

As a matter of interest it may be mentioned that 5,088 tons 
of calcium carbide were produced for use in magnesium manu
facture. 

RESEARCH DEPARTMENT. 

The activities of the Research Department during the period 
1939 to 1945 wer.e largely concerned with the development of pro
cesses, and manufacture of the rarer metals and alloys which had 
previously been obtainable from overseas sources. 

The methods of manufacture of practically all the materials 
made in the Lesser Ferro Alloys Department were developed by 
the Research Department. 

In connection with the manufacture of magnesium, an in
vestigation was made and a satisfactory solution was found for 
the preparation of special anhydrous fluxes from locally obtained 
hydrated salts. 

Cons'iderable research work was carried out in the production 
of tungsten rod, and appreciable quantities of swaged and drawn 
centreless ground tungsten rods were supplied to the Defence 
Department. The larger sizes were used as auxiliary electrodes 
for searchlights, and the smaller as 'lead-ins' and supports in 
electronic devices such as Radar valves and power rectifier valves. 
Another use was for atomic hydrogen welding electrodes at the 
Lithgow Small Arms Factory. 

Some work was done on the manufacture of tungsten wire, 
and a considerable quantity of specially purified tungstic acid 
was prepared and supplied to the Melbourne University, which 
was also working on this project. The results of the Company's 
research were made available to them and no doubt was of 
assistance in the development of a successful wire manufacturing 
technique. 

An electroplating plant was installed in 1941 and placed 
under the supervision of the Research Department. It was mainly 
used for the chrome plating of gauges, dies, and punches for shell 
manufacture at Rutherford and elsewhere, and for the recondi
tioning of worn machine parts for various munition and tool 
annexes. 

When the production of 17 pounder capped shot was under~ 
taken, alkaline tin plating baths were also installed and were 
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supervisBd by the Research Department. These units were used 
for the tin plating of shot caps and noses, which were later 
sweated together. 

It may be mentioned that the Research Department was 
staffed mainly by young technical trainees and every credit must 
be given to their initiative and perseverance. 

DRAWING OFFICE 

The.work of the design and drawing office staff is worthy of 
mention. The building and equipping of the various annexes ll.lld 
plants built on the works, and the manufacture of numer0us 
items of plant and equipment for defence projects outside New
castle, obviow,ly necessitated the preparation of numerous draw
ings, but the full extent of the effort required in this directiov 
may not be fully recognised. 

A better understanding of the work involved may be obtained 
from the fact that for the more important proJects 8,628 drawings 
were made, representing work equivalent to 600,000 man-hours, 

RYLANDS BROS. (AUST.) PTY. LTD. 

The pre-war activities of Messrs. Rylands Bros. (Aust.) Pty: 
Ltd. were confined practically entirely to the manufacture of 
wire (bare and galvanised), barbed wire, wire nails, wire netting, 
and steel fence pickets, for the multitudinous requirements of the 
Australian primary and secondary peacetime industries. 

At the outbreak of war, however, in common with the other 
steel industries, about 90% of their production was diverted 
directly or indirectly to defence applications. 

The volume of the wiremills' war effort may be envisaged 
from the fact that during the period. of hostilities, September, 
1939, to August, 1945, approximately 335,000 tons of wire products 
and 30,000 tons of steel pickets were produced for war purposes. 

For- naval purposes, wire was a basic necessity 'in the produc
tion of submarine nets, cables for mines, wire hawsers, and tow 
ropes of all descriptions, and the construction of booms for the 
protection of harbours. 

In the laying of mine fields, mine mooring ropes consumed 
780 tons of strand wire, and paravane cables a further 370 tons. 

For the construction of submarine nets and harbour booms, 
such as that erected in Sydney Harbour, 1,070 tons of wire were 
supplied to the Australian Wire Rope Works Pty. Ltd. for strand
ing; For torpedo nets large gauge heavily galvanised wire was 
required in cut lengths, and 2,000 tons were produced for this 
purpose. 

Kites were used to deter dive-bombing of ships and for this 
application 852 reels of special wire were supplied. 
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The construction of wharves and jetties for landing opera
tions necessitated the manufacture of several hundreds of tons 
of nails, and thousands of tons of nails were produced for defence 
purposes generally. · · 

The variety and volume of matertal needed by the armies .~ 
Australian, British, American, and Dutch -, ip. th.e ,Middle East, 
Far East, India, Dutch East Indies, the Pacific, and in Australia, 
put a considerable strain on the wire mills. 

The immediate demand, of course, was for barbed wire and 
steel pickets for entanglements, and by 1941 about 5,000 tons of 
barbed wire and 2,000,000 steel pickets had been shipped to Suez 
for our Middle East defences. By 1943, production figures had 
reached 16,000 tons of barbed wire and 16,000,000 pickets (30,000 
tons), which were distributed as follows:-

Egypt ............... . 
India ............... . 
Singapore ............. . 
Dutch East Indies . . . . . . 
Port Moresby . . . . . . . . . . 
Rabaul ............... . 
Australian and Pac'ific Zones 

Barbed wire 
Tons 
4,870 

912 

616 

9,602 
--
16,000 

Pickets 
No. 

2,007,480 

9,000 
36,000 
60,460 
81,390 

13,805,670 
---
16,000,000 

In addition to the production of finished barbed wire, the 
supply of plain wire to barbed wire makers in every state in the 
Commonwealth was maintained. 

During the war, wire netting was used in large quantities for 
camouflage work and for the construction of roads over sand or 
quagmires. 

Early in 1940, India was supplied with 2,345,000 yards of wire 
netting and 200,000 yards were shipped to Singapore. The pro
duction of netting for war purposes exceeded 50 million yards, 
and was used by the armed forces of Britain, America, India, and 
Australia in battle zones from the Middle East to the Far East, 
in the Pacific, and for Australian defences. 

The necessity for temporary airfields, or fields required with 
the minimum delay, and where satisfactory foundations were not 
available, created a large demand for landing field netting, such 
as the Sommerfeld landing mats. These mats were constructed;• 
from heavy netting 10ft. wide x 25yd. long, in 12 gauge galvanised· 
wire woven in 3in. mesh and reinforced with ¼in. rounds. 

New equipment was constructed and installed for the manu
facture of this material and 1,400 mats were supplied to the ait 
force. 
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No mean ac1tievement was the production of special drawn 
core wire for the manufacture of armour piercing bullets. 
Numerous annexes throughout Australia were supplied with a 
total of 700 tons of this material, sufficient for approximately 
80,000,000 bullets. 

For the production of field telephone cable, new units for 
drawing wire as fine as 30 gauge were constructed and installed, 
together with equipment to wind the wire on to spools adapted 
to the stranding machines of the cable manufacturer, Australian 
Wire Rope Pty. Ltd. From the latter firm the cable was sent to 
the Olympic Rubber Co., Melbourne, for the final process of in
sulation. 

The wire mills drew in all 1,600 tons of steel, equivalent to 
1400,000 m'iles of wire for the manufacture of field telephone 
c~ble. ' 

For the manufacture of many types of transport vehicles, 
gun carriages, aeroplanes, rifles, automatic weapons, and other 
ordnance, springs were needed, and spring making firms, govern
ment annexes, and munitions factories throughout Australia, de
pended largely upon the Waratah mills for raw materials in the 
form of round, square, and other sections. 

Thousands of tons of wire for ball bearings, bolts, rivets, nuts, 
and screws, were also \lupplied. 

Many thousands of tons of wire were also made and used as 
reinforcements for gun emplacements, roads, and bridges. 

In addition to springs, many of the innumerable components 
of rifles and automatic weapons were also made from wire care
fully produced to exacting specifications and in various sections, 
while for the uniforms of all branches of the fighting forces, 
wire was required for buckles, clips, and such like applications. 
Large quantities were also required for boot. rivets and heel tips, 
the material for the latter being of a special section. Even the 
kitchen utensils of the mobile and other canteens made large 
demands on the wire mills. 

The construction of transport vehicles, Bren gun carriers, 
ships, and the fabrication of special types of aeroplane landing 
mats, resulted in the production of up to 130 tons per week of 
special welding wires. 

The manufacture of streamline wire essential for the con
struction and maintenance of many types of aircraft was under
taken, and necessitated the installation of special rolling units. 

As was the case with many other Australian industries, 
Rylands Bros. undertook work foreign to their normal production 
and installed plant for the manufacture of ammunition belt 
links for 2 pounder multibarrel anti-aircraft guns. In all, 901,250 
links were produced. 

The Company also undertook the manufacture of Bren gun 
magazines and cleaning rods for rifles and machine guns. 
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LYSAGHT'S WORKS PROPRIETARY LIMITED 

The shortage of steel sheets in Australia during the first 
world war was one of the contributing factors in the establish
ment of the Lysaght's Works Pty. Ltd., in Newcastle, and the last 
world war proved the value of the step as regards the defence 
of Australia. 

The manufacture of steel sheets is not a spectacular con
tribution to a nation at war, but there is hardly a phase of war 
activity in which sheets do not play a greater or smaller part. 

There is no need here to itemise the many and varied ap
plications for which sheet steel was required, but the folloWing 
summary of the production of coated and uncoated sheets at 
Lysaght's Newcastle Works presents a convincing picture of what 
was achieved. 

Year: 
1939 
1940 
1941 
1942 
1943 
1944 
1945 

Totals: 

Steel Production in Tons: 
Black Sheets: Coated Sheets: 

15,475 109,374 
31,074 67,865 
61,221 71,389 
70,450 45,218 

102,984 20,887 
93,845 25,854 
59,319 41,943 

434,370 382,530 

Total: 
124,849 
98,939 

132,612 
115,668 
123,871 
119,699 
101,262 
816,900 

It may be mentioned that production during the war was 
limited by the quantity of sheet bar steel available, and while 
peak production of sheets was reached 'in 1941 the full sheet 
capacity of the Newcastle plant was not utilised during the re
maining years of the war. 

In order to rationalise wartime production to best advantage, 
the bulk of galvanised sheet manufacture was transferred to 
Lysaght's plant at Port Kembla, while the Newcastle plant con
centrated on the manufacture of uncoated sheets, sheets made 
from special steels, and sheets coated by specialised processes. 

One of these latter processes, rendered necessary by the 
shortage of zinc required for galvanising, was the production of 
terne plate, used for roofing and other p1,1rposes. Such material 
is coated with lead containing a certain proportion of tin. 

In all, over 60,000 tons of roofing ternes were made, and the 
production increased from 214 tons in 1939 to 7,646 tons in 1942. 

The first special contribution to the war effort commenced 
early in 1939 when heavy gauge galvanised sheets were shipped 
to England for the building of Anderson shelters. In all 40,999 
tons of sheets, sufficient for 137,000 shelters were despatched to 
England, the last being shipped just after war was declared. 

In addition to these exports to England, a total of 20,326 tons 
of galvanised iron was also sent to Egypt during 1940-1941 for 
use by the A.I.F. and 1,052 tons were sh'ipped to India. When ' 
Japan entered the war these exports ceased. 
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New types of sheet, which had hitherto been imported, were 
urgently needed in Australia, and the manufacture of silicon steel 
sheets for electrical apparatus, Austenitic manganese steel sheets 
for helmets, and those of alloy and other special steeels for air
craft manufacture were undertaken. These included sheet for 
the production. of machetes and knives of various types essential 
for the prosecution of jungle warfare. 
. The smcon steels for electrical apparatus presented very 

special problems _in rolling, annealing, and testing, both in the 
motor grades and in those for transformers. The production of 

. the motor grades began in 1940 and was followed shortly after 
by the production of transformer grades. Both motor and trans
former sheets were urgently needed by Australia's rapidly de
veloping electrical -industry. 

For protective helmets, sheets were rolled from an Austenitic 
manganese steel and 1,390 tons of sheets and 6,053 tons of helmet 
blanks were produced for this purpose. 

The alloy and other special sheets made for aircraft and 
other purposes during the war represented comparatively small 
tonnages, but this factor increased rather than decreased the 
problems involved. In some cases less than a dozen sheets of a· 
particular comp?sition and physical properties were required. 

· The programme of mechanisation, commenced prior to the 
war and completed in 1941, was responsible for the peak produc
tion in that year, and while the greater plant capac'ity so pro
vided could not thereafter be utilised, due to the shortage of steel, 
it did result in the conservation of much needed manpower and 
improvement in production control. 

BULLET PROOF PLATES 

· One of the most important projects undertaken by Lysaght's 
Works Pty. Ltd.; Newcastle,. apart from their normal sheet pro
duction, was the rolling and fabrication of the Australian bullet 
proof steel developed by the Broken Hill Pty. Co. Ltd. 

Results of the first trial rolling of this material on one of 
Lysaght's manual mills indicated that controlled cooling of the 
plate after rolling was required in order to impart the requisite 
ballistic properties to plates of various thicknesses, and to control 
the variations produced by other factors. An extensive experi
mental programme was therefore initiated, and a testing range 
was built on the river bank at the rear of the works, where every 
plate was subjected to the ballistic test required by British stan
dards for the convent'ional quenched and tempered bullet proof 
plate. 

After a short but intensive period of research, the necessary 
•conditions were established and production was transferred from 
the manual mill to the Lewis mill, a three-high mechanical unit 
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with heating and rolling under automatic control. A flexible 
from the mill to control the cooling, which could be readily 
altered with change of gauge or with composition of the material 
rolled. 

Plates ranging in thickness from one-sixth of an inch to 
one inch and a quarter were successfully produced to th 
specified physical properties. 

In all cases the sheets as delivered from the mill required 
only slight flattening and cutting to size before use. · 

Conventional bullet proof plate is normally cut to shape 
before heat treatment and subsequent testing. If the plates 
prove unsatisfactory, however, the energy spent in shaping lihe 
plate is wasted. In the case of ABP3 (Australian bullet proof) 
testing was carried out before cutting, and only satisfactory 
plates were further processed. 

It may be mentioned, incidentally, that the process was 
under such close control that the percentage of reject plates 
was extremely low, averaging under 1%. 

Cutting was effected with the oxy-acetylene flame, and. 
owing to the size of the. plates and the accuracy required, the 
automatic machines used normally for profiling proved unsatis
factory and special machines had to be designed. These ful
filled every requirement and their use has since been extended 
to other applications. 

As production increased (the maximum monthly tonnage 
was 1,677 tons for July, 1942). it was found necessary to instal 
a new testing range as an extension of the profile-cutting shop. 
Under these conditions the plates could be loaded singly on a 
framework inside the profile shop and slid through a bullet 
proof slot into the testing pit. At the same time a plate just 
tested was carried out on its frame through a second slot for 
examination and unloading, before placing the next plate in 
position. In this way the capacity of the range was more than 
doubled and up to 100 plates an hour were proofed. 

Many problems were involved in the hanc;lling of heavY 
plates in furnaces and mills d~signed for much lighter work, but; 
despite this a total of 23,780 tons of bullet proof plate was 
rolled between 1940 and 1944. 

In addition to a large number of miscellaneous applications 
the plate was used for the armouring of the following:-

6591 Bren gun carriers. 
370 Two pounder guns. 
770 Mortar carriers. 
372 Scout cars. 
237 Light armoured cars. 

45 U.S.A. scout cars. 
945 Aircraft. 
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, For ii:ayal pU:tposes there has always been a demand for 
non-magnetid' ~fmour for use in· the vicinity of compasses, and 
Lysaght's Works Pty: Ltd. were requested to undertake its manu
facture,. . The ml;j,terial µsed was Austenitic manganese steel, 
:made by tlie., C::~µipim:1wealtl_l Steel Co.,. and its normal produc
tion invp)Vl'JS.: .;Wfl,f{)r, quenchmg from high temperatures which 
1fmits prodi,:ictip1J extensively. The company's technicians were 
able, however, 'to ()VOlve a process which imparted the necessary 
properties to the plate straight from the mill conveyor in a 
somewhat similar manner to ABP3. 
· Between 1942 and 1944, 502 tons of non-magnetic plate were 
produced in thicknesses of ¼in., ¾in., and ½in. 

Because, of the intense work-hardening properties of Aus
tenitic manganese steel, a special punching procedure was de
visPd to punch the holes for assembly of the plates, and special 
welding jigs were designed in which the plates were held by 
rollers to allow lateral expansion during welding. These jigs 
were used for both non-magnetic and ABP3 plates. 

THE OWEN GUN 

After the decision for the manufacture of this somewhat 
novel weapon had been made by the Defence Department, it 
was found that all available annexes and machine tools were 
fully occupied on other commitments, and Messrs.• Lysaght's 
decided that unless they themselves undertook the bulk of the 
work the project seemed likely to be considerably delayed. 

The productio1;1 of the Owen gun was a venture differing 
entirely from the normal operations of Lysaght's Works Pty. Ltd., 
whose machine shop before the war had' been solely a works 
ma,intenance, depa,rtment. Consequently the establishment of 
the Owen gun shop represented not so much an extension of 
the plant but the establishment of a new industry within the 
old. 

One of the outstanding advantages of the Owen gun, how
ever, was that its very simplicity lent itself readily to manu
facture, even with makeshift equipment, and production was 
started about the middle of 1941, both at the Newcastle and Port 
Kembla works with any machine tools available. The position 
in this regard was so desperate in the initial stages that out of 
nine old lathes and milling machines delivered on a Friday, five 
were in production by Monday morning and the remainder by 
Tuesday morning. · As time passed, however, 111ore efficient 
equipment was made available and outputs increased accord
ingly. 

One end of Lysaght's warehouse for galvanised iron was 
cleared, and the Owen gun shop with its associated tool room, 
heat treatment and blueing shop, and the magazine painting 
assembly and despatch shop were set up. A nucleus of men from 



108 D. 0. MORRIS 

the works machine shop trained the new and completely un
skilled workers, many of whom were women, and the produc
tion of a number of the parts began in Newcastle. 

The main assembly and despatch was at Lysaght's works at 
Port Kembla, to which Mr. Owen had first submitted his inven
tion, and where all the preliminary developmental work was 
carried out. Nevertheless, the plant at Newcastle made 2¾ mil
lion components and handled over six million before the orders· 
for 45,000 guns were completed, and over half a million maga
zines were supplied by September, 1944. A number of firms, as 
sub-contractors, notably Henry Lane Ltd., of Newcastle, pro
cessed hundreds of thousands of parts also. 

The effectiveness of the Owen gun has been established 
beyond question, and its ability to stand up to conditions under 
which other sub-machine guns fail lamentably, has been con-· 
vincingly demonstrated on Army trials and in. the jungles of\ 
New Guinea. Its production ranks high as a war achievement,: 
both in its development and in the surmounting of obstaclesj 
against manufacture. 

AffiCRAFT SPINNERS 
3 

Lysag,ht's Newcastle Works undertook in 1942 the making o~ 
two types of aircraft spinners, which are actually cowlingsg 
located in front of the propeller and serve to house the variable, 
pitch unit and complete the streamlining. They are in the; 
form of aluminium shells and rotate at the same speed as the; 
propellers, and must be made and balanced to extremely fine,; 
limits of accuracy. i 

The production of spinners for Beaufort bombers was, 
organised by Lysaghts and the assembly and manufacture of alli 
components except the spun shell were carried out by Henrf~ 
Lane Pty. Ltd., Newcastle. Between May, 1942, and November,3 
1943, 413 Beaufort spinners were made, and during the latte~ 
stages of the project they were constructed entirely from Aus,] 
tralian parts. ,i 

During this period a spinner shop was erected and equippe4 
at the Lysaght's Newcastle Works for the manufacture of th4 
larger and more complex units for Mosquito aircraft, and in April, 
1943, work commenced, and experience was ga:ined by completel1~ 
reconditioning sixty English Mosquito spinners. l 

In the case of the Mosquito spinners produced, the shells ari4 
back plates were imported, but all other components were mad'! 
in Newcastle. ~ 

In all 480 spinners for Lincoln bombers and Mosquito aircrafl 
wece constructed ill Lysaght's own shops. . I 
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MISCELLANEOUS PROJECTS 

The shortage of zinc during the war and the transfer of most 
of the sheet galvanising to Lysaght's Port Kembla plant, rendered 
much of the galvanising shop at the Newcastle Works, after dis
mantling and storage of galvanising equipment, available for a 
number of other projects. 

Some of these involved applications of bullet proof plate. 
For example, a total of 410 naval gun shields for 4in. guns was 
made and supplied to the Navy. Machine gun shelters using 
bullet proof plate and galvanised iron were designed and pro
duced. Searchlight observation shelters and machine gun turrets 
were also designed and fabricated from bullet proof plate. 

Lysaght's machine shop was extended in anticipation of an 
Increase in the requirements for machining bullet proof plate, 
but as this project did not eventuate the space was utilised for 
a number of machining jobs. 

Three drum rumbling units were fabricated for the U.S. Navy 
for cleaning drums. Two assembly plants were also made for the 
U.S. Navy. Side plates and sheave blocks in sizes ranging from 
6in. to 16in. were machined and assembled for lifting tackle. 
Thirty-nine windlass casings and gears were fabricated and par
tially assembled. 

One extremely difficult task carried out in the machine shop 
was the machining of 200 mantlets for the 25 pounder assembly 
of the Mark III Cruiser tank. This was actually the first project 
undertaken in Lysaght's newly extended machine shop and em
ployed from 30 to 40 men. 

Production was also undertaken of a number of tank parts, 
such as ammunition boxes, vision glass holders, turret deflection 
rings, stowage fittings, water tanks, grouser bins, air inlet and 
outlet protection grills for Matilda, General Grant, and General 
Lee tanks. 

Twenty-three portable Bellman hangars were also made, 
using 1,200 tons of fabricated steel. 

These hangars, which were 112ft. long, 95ft. wide, and 17ft. 
high, were used in the Pacific campaign and could be nested and 
transported by plane. 

The hangar consisted of 2,700 parts, the heaviest of which 
could be lifted by three men. Eleven tons of prefabricated cor
rugated galvanised iron formed the covering and the sliding 
doors. 

The work on this project was carried out by unskilled labour, 
including a number of women. 

In July, 1944, Lysaght's Works, Newcastle, commenced the 
construction of pontoons for use in the Island bases. These 6ft. 
cube boxes of mild steel were used as units for the construction 
of rafts, wharves, bridges, and even floating docks, by bolting 
the required number of boxes to light steel sections. The plates, 
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sections, and other components were fabricated and prepared at 
Lysaght's works and were assembled at the Island bases'/since the 
assembled pontoons were too bulky for convenient transport. The 
components of six pontoons could be stored in the space required 
for one assembled pontoon. Each weighed one ton. 

The greater portion of the 50,000 tons of plates used in this 
project was supplied by the Broken Hill Pty. Co. Ltd., but on 
occas'ion supplementary rollings were made on Lysaght's Lewis 
mill. 

When the Owen gun programme was completed, the works 
heat treatment shop remained in commission to serve a number 
of other local firms requiring specialised heat treatment; The 
Owen gun machine tools were then used firstly for the rµanu
facture of jigs, gauges, and small precision parts required for 
radio location apparatus and later applied to the production of 
over 170,000 similar types of components for Mosquito and other 
aircraft, thus making effective use of the facilities and skill built 
up during the manufacture of the Owen gun. 

Among the special steel sheets produced were high carbon" 
grades for kn'ives which were required by hundreds of thousands.~ 
To assist in this project Lysaght's blanked and heat treated many; 
thousands of bush knives, machetes, bolo knives, etc.; wnich were, 
then delivered to other firms for final grinding and .finishing. 

STEWARTS AND LLOYDS (AUST.) PTY. LTD.: 

Prior to the war the activities of Stewarts and Lloyds (Aust.)~ 
Pty. Ltd. were confined to the production of solid drawn tubes; 
butt. welded tubes, pipe fittings, and the fabrication and assembly; 
of components for boiler construction, chemical plant, arid suclr~ 
like. • 

The use of pipes and tubes in peacetime is extremely largei 
and varied, and their general application embraces the pastoral~ 
agricultural, mining, metallurgical, and other primary industries1i 
and practically all the secondary industries, as well as for sewer~ 
age, and for gas and water reticulation in towns and cities. ; 

The war found steel tubing a most valuable and versati!I 
material, its applications being even more varied than in tirne~ 
of peace. As a matter of interest, it may be mentioned that on~ 
of the outstanding technical achievements of the war was Operaii 
tion Pluto, which was designed to supply fuel to our invadinl 
armies in Normandy, and involved the construction and layin~ 
of numerous seamless steel pipe lines across the English Channel~ 
These consisted of 20ft. or 40ft. lengths, previously flash buttr~ 
welded to give a continuous line, sufficient for a complete cross~ 
channel lay. t, 

In Australia the large majority of orders fulfilled by Stewart{4 
and Lloyds (Aust.) Pty. Ltd. during the war were for tubes foJ 
carrying gases and liquids in industries and projects vital to tl11 

I 
I 
~ 
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war effort, such as chemical plants, power houses, overland pipe 
unes, and shipbuilding, but steel tubes were employed in many 
other unusual and obscure ways. 

Stewarts and Lloyds (Aust.) Pty. Ltd, manufactured its first 
tube at Newcastle in December, 1934, on the unit now known as 
the Fretz Moon mill <'J, which produces tube up to 3½in. outside 
diameter, for carrying gas, water, and steam. The raw material 
for butt weld tube manufacture is mild steel strip or skelp, sup
plied in coils by the Newcastle works of the Broken Hill Pty. Co. 
Ltd. 

While the uses of butt welded tubes cover a large field, many 
engineering applications require solid drawn tube, and the next 
step in progress of the 'industry in Australia was the establish
ment at Newcastle in June, 1939, of a seamless tube mill, employ
ing the Push Bench process. <'J 

Solid drawn or hot rolled seamless tubing as the product of 
this mill is known, is turned out in sizes ranging from 1 1-16in. to 
stin. in outside diameter, and 'in a variety of carbon and alloy 
steels. 

The raw material for the Push Bench unit is practically all 
obtained as Gothic section bars from the Newcastle plant of the 
Broken Hill Pty. Co. Ltd. 

All the feed in the form of 'hollows' for the manufacture of 
cold reduced precision tubing by the British Tube Mills (Aust.) 
Pty. Ltd., Adelaide, was rolled on this mill and many thousands 
of tons of hollows were despatched to this Company during the 
war. 

The war greatly accelerated tube production in Australia, and 
projects were attempted and brought to a successful conclusion 
which would have been considered impossible 'in normal times. 
As an example, it may be mentioned that while the largest tube 
made in England by the standard Push Bench process was 6½in., 
O.D., Stewarts and Lloyds, Australia, were able, during the war, 
successfully to produce tubing as large as 8¾in., O.D., with a wall 
thickness of ¾in. 

The greater part of Stewarts and Lloyds wartime tubing was 
for the transport and handling of fluids, such as the generation of 
steam, in water tube boilers, or as pipelines across the North 
African, or our own Australian deserts. Munitions factories and 
annexes throughout Australia used large quantities of piping 
for supplying steam, water, gas, etc., and where heavy duty presses 
were employed, thick walled hydraulic tubing, capable· of with
standing up to 6 tons pressure per square inch, was required. 

Large quantities of tube were also supplied to meet Australia's 
greatly expanded chemical 'industry. 



112 D. 0. MORRIS 

The great expansion of shipbuilding during the war was 
responsible for the consumption of enormous quantities of tubes, 
and in many cases miles of tubing were required in a vessel in;; 
applications from the main steam line to deck stanchions. " 

The boilers alone, particularly if of the water tube type, may; 
contain miles of seamless boiler tubing. On deck, masts, cargo\ 
handling derricks, and the smaller davits were frequently off 
tubular steel. . .. · 

The Navy used large quantities of tubing in a variety of sizes., 
The modern warship has a piping system much more complex· 

· than merchant ships and Stewarts and Lloyds tubing is afloat 
in the Tribal class destroyers, corvettes, and other vessels built< 
in Australia. . 

Machine gun casings and mountings absorbed large quanti-' 
ties of seamless tubing, as did trench mortars, the barrels on 
which consisted of seamless tubing. Tubing was used in the; 
manufacture of mortar bombs, depth charges, and mines. 

Varied lengths of tubing were required for bomb mounts, and .. 
short lengths saw service in the Australian-made Bofors and 3.7in.:; 
anti-aircraft and 25 pounder guns. 

In motor transport tubes were used everywhere from truck; 
canopies to wheel assemblies. { 

- Away from the combat zone, Australian-made butt welded; 
pipe was used in numerous 'ingenious ways. Ordinary gas and; 
steam quality pipes, for example, were utilised for supporting, 
camouflage nets, for stretchers and bunk frames, in jungle carts! 
for carrying wounded men and stores, and in the portable struc-: 
tures used by the U.S. Army in the Solomons and other PacifiC'l 
Islands a::; workshops, or storage huts. * 

Large quantities were also used in the fabrication of br'idges, 
pontoons, army huts, and similar structures. - ; 

The tube industry played no small part in helping the Allied; 
Nations to achieve air supremacy, and in Australia, Stewarts an~ 
Lloyds, in collaboration wit]J. British Tube Mills, Adelaide, supplie4; 
the aircraft industry with a considerable quantity of alloy an, 
other special tubes used in the construction of De Havilland~ 
Wirraway, Boomerang, Beaufort, Beaufighter, Mosquito, Mustang,~ 
Lancaster, and other Australian built trainer and war planes. ~ 

Stewarts and Lloyds (Aust.) Pty. Ltd. is one of the few Aus-.i 
ralian compan'ies which can point with pride to its contribution; 
to the war effort in the first few months after hostilities comj 
menced. 

As early as July, 1938, the Australian company, believingli 
that war was becoming more and more imminent, decided on; 
its own initiative and at its own expense to instal a shell-makin~ 
plant at its Newcastle Works. Messrs. Stewarts and Lloyds, o~ 
Great Britain, had developed a shell-making process which waf~ 
based on the principles employed in seamless tube manufacturej 
and Which had proved very successful, giving outputs whic!J-l 
have never been exceeded by any other process. 
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Stewarts and Lloyds (Aust.) Pty. Ltd., having reviewed the 
matter thoroughly, decided to adopt the process developed by 
the British Company. 1 

In November, 1938-10 months before the outbreak of hos
ti!ities-0rders were placed for heavy, semi-automatic, rough
turning lathes, shot blasting plant and other equipment to 
supplement the shell forging plant, again at the Company's 
expense and on its own initiative. 

The shell plant went into operation in February, 1940, but 
even before this date, Stewarts and Lloyds had commenced 
making shells, the seamless tube-making plant being adapted to 
the manufacture of 6in. howitzer and other large projectiles. 
Initially these had to be machined internally, but later the 
process was so improved that shells were produced so accurately 
to size that internal machining was rendered unnecessary. 

Similarly all shells produced in the shell forging plant were 
forged with such accuracy that no bore machining was required. 

It will be appreciated that the plant used for the manu
facture of seamless tubes was readily adapted to the quantity 
production of medium-weight hollow forgings-but forgings much 
heavier than could be handled by the special shell-forging plant 
-and over 100,000 6in. howitzer forgings were made on the tube 
production unit. Outputs increased from 300 6in. howitzer forg
ings per shift in 1939, to 500 per shift at peak production. In 
addition to 6in. howitzer forgings ,those for 5.5 Mark III., 100-
pounder and 6in. naval high explosive Mark IIB were also pro
duced. 

The experience thus gained in making relatively short, thick 
forgings on the seamless tube plant, was of tremendous value to 
the war effort, not only in the making of artillery shells but also 
for the forging of aircraft cylinders (to be dealt with later), 
cylinder forgings for aircraft landing gear, 25 pounder muzzle 
brakes, recoil cylinders for 4in. naval guns, heavy forgings for 
torpedo propeller shafts, and various parts of such units as Bren 
gun carriers and cruiser tanks. Most of these would otherwise 
have had to be made by boring from the solid bar. 

SHELL FORGING PLANT: 

Factors leading to the establishment of the special shell 
forging plant at Newcastle have already been mentioned. 

The plant was entirely self contained, and operated as a 
separate unit from the seamless tube plant. It consisted of a 
tunnel-type continuous furnace, calibrating press (to ensure 
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that the diagonals of the billet were accurately sized); a·piercing 
press, an extrusion machine and a continuously running con:·· 
veyor. 

To secure concentricity, the maximum accuracy in piercing 
was required. As the cast-iron cylinder, within which the billet 
was placed during piercing, was tapered for ease of ejection, it 
will be clear that some means of sizing the diagonals of the hot 
billet to correspond to this taper was necessary, if optimum 
piercing conditions were to be secured. This calibration was car
ried out by means of a 70 ton hydraulic squeezing unit, equip
ped with two semi-circular dies. When fully closed these dies 
corresponded to the profile of the piercing pot, and in use the 
billet was placed between the half dies, which were then brought 
together, thus sizing the diagonals accurately. 

The calibrated billet was then placed inside the pot of the 
piercing press. This was of unorthodox construction, and of the 
vertical type. It was equipped with a movable slide carrying 
punches, this slide being indexed after each piercing operation, 
thus ensuring that every punch was employed only once in every 
six piercings. 

The main cylinder was placed below floor level, the rs,m 
carrying an entablature on which rested the piercing pot. It; 
will be seen, therefore, that the punch remained stationary dur
ing the piercing operation, while the billet, enclosed in the pierc
ing sleeve, was forced against the punch. 

After piercing, the billet, now called a 'bottle,' was trans-, 
ported by telfer to a small table, where a jet of water was"ii 
allowed to play momentarily within the bore. This had the· 
effect of loosening any scale within the bore, and the bottle 
was then swung against a trigger mechanism, causing a jet of 
compressed air to blast the cavity of the forging, thus clearing';, 
any scale. The bottle was then placed over a mandrel on the_ 
extrusion machine, where the final forging operation was con, 
ducted. 

This forging machine was also of unorthodox construction., 
It was equipped with a capstan head carrying ten mandrel~-' 
which dipped in turn into a pit partially filled with water. B 
this means each mandrel forged only one in every ten sheH 
thus giving it ample time to cool to a satisfactory worki 
temperature. Mandrels were swabbed with graphite grea 
between each extrusion. 

During _forging the mandrel remained stationary, while th 
dies, held in a sliding carriage, were forced over the bottle b 
hydraulic power. At the conclusion of the forging stroke a 
automatically operated stripping device closed on the mandr 
and the return stroke of the die carriage stripped the forgin: 
allowing it to drop through a slot in the base of the carriage. 
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The dies employed on this machine were similar in principal 
to those used on the seamless tube plant. Instead of using a 
solid circular die as in customary shell-making practice, this was 
replaced by a cast steel frame within which was assembled three 
idle rollers, the assembly being designed as a roller die. Use 
of these made high production rates possible, the record for the 
plant being 3,012 25 pounders, produced in a working shift of 
7 hours 20 minutes. 

The forging, on leaving the extrusion machine, was tong
handled into a cradle where the nose thickness was determined. 
It was then transferred manually to the conveyor. The latter 
allowed the shells to cool, and on leaving the conveyor the forg
ings, now at black heat, were stacked base. downwards, allowing 
them to cool to room temperature before removal to the shot
blasting unit. 

It must be realised that the shell forging process adopted 
was still largely in its experimental stages when the decision 
was made to employ it in Australia. As originally installed, the 
plant was equipped to forge by· a method known as inverted 
piercing. However, advice received from England, confirmed 
by their initial experience with the plant, convinced Stewarts and 
Lloyds that an alteration was necessary, and the plant was con
verted to the normal method known as pot piercing. This proved 
entirely successful, and outputs rapidly reached figures com
parable with those being obtained in Great Britain. As originally 
received, the piercing press was of welded construction, and with 
continued three-shift working at high outputs, this welding 
repeatedly gave trouble. The decision was made to eliminate 
welding from the design, which was amended to use cast steel 
main members throughout. Thus the top platen was replaced 
by a steel casting weighing approximately 9 tons. This casting, 
and others used in the renovation of the press, was supplied by. 
the Broken Hill Pty. Co. Ltd. at very short notice. The press, in 
its revised design, gave trouble-free service until the cessation 
of production. · 

It had originally been planned to heat the billets required 
by the Shell Forging Plant in the rotating hearth furnace used 
by the Seamless Tube Plant. However, requirements of shells, 
tubes and special forgings rapidly increased to a point at which 
heating facilities were inadequate, and a design for a con
tinuous tunnel-type furnace was prepared at extremely short 
notice. This furnace was erected and put into operation, thus 
allowing the seamless tube plant to operate at full capacity. 

When production finally ceased, the Newcastle plant had 
forged over three million 25 pounders, three-quarters of a million 
4.5in. howitzers and 3.7in. A.A., while over 100,000 60 pounders 
and 18 pounders had been produced. 
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SHOT BLAST, SHELL BOTTLING, SHELL ROUGHING AND 
FINISHING 

Where shells are forged by modern methods which eliminate 
bore machining, shot blasting is invariably prescribed to remove 
embedded scale. The original equipment employed by Stewarts 
and Lloyds consisted of a steel cabinet some 6ft. square, within 
which stood the operator. He was supplied with protective 
clothing, and directed the shot-blasting jet into the bore of the 
forging. However, the output of this unit proved entirely in
adequate and many improvements were made before the 
capacity of the shot-blasting section paralleled that of the 
forging unit. 

As mentioned in the opening portion of this account, the 
Company imported heavy, semi-automatic rough turning lathes. 
These were later augmented by machines supplied by the Ministry 
of Munitions and the rough turning of 25 pounders, 3.7in. A.A. 
and 4.5in. howitzers was carried out. The Company also handled 
the rough machining of 60 pounders, 6in. naval, and 5.5in. H.E. 
100 pounders, but these shells were taken right through to the 
finish machined stage. 

In the early days, many difficulties were experienced in the 
rough turning of shell forgings. The technique of employing 
cemented carbide tipped tools had to be acquired and irregularity 
of supplies compelled the Company to make their own tipped 
tools. 

As the war progressed, shortage of manpower made it neces
sary to employ female operators. They proved entirely satisfac
tory, but as the maximum weight to be lifted by female operators 
is restricted to 30lb., it became necessary to employ new loading 
devices. 

Modern artillery practice involves the use of streamlined 
shells, and this profile is secured by introducing between rougb 
and finish machining, the operation known as bottling, wherebY 
the open end of the rough machined shell is heated and then 
closed in by a die. This operation is normally carried out using 
a vertical hydraulic press. Outputs are somewhat low, and the 
operation tends to be costly. From their long experience in the 
manufacture of solid forged tube fittings, Stewarts and Lloyds. 
(Aust.) Pty. Ltd. proposed that the operation of bottling be carried 
out using upsetting machines. A trial of this method was held in 
February, 1942, and by March was under way on a production 
basis. By this method, the Company bottled up to 2,640 shells 
per shift of 7½ working hours - more than twice the output o 
tained from the normal method of hydraulic press bottling. 
should be noted that the same personnel was required to bott 
by the upsetting process as by the hydraulic, a very importa 
factor, at a time when the manpower shortage was acute. 
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The Company carried out the forging, rough turning, and 
)Jottling of 4.5in. howitzers, 3.7in. A.A., and 25 pounders, but in 
august, 1942, the despatch of finish machined 60 pounder shells 
was commenced. These were forged, rough machined, bottled, 
and finish machined by Stewarts and Lloyds (Aust.) Pty. Ltd. 
vuring the process of finish machining many difficulties arose and 
were overcome. 

In all, the following shells were produced during the war:-
6in. Naval . . . . . . . . . . 2,383 
25 Pounder ..................... . 
25 Pounder smoke shells . . . . . . . . . . . . . . 
25 Pounder smoke shells (Forgings supplied by 

Ministry of Munitions) . . . . . . . . 
60 Pounder ................... . 
3.7in. Anti-aircraft . . . . . . . . . . . . . . 
5.5in. High explosive . . . . . . . . . . . . . . 
5.5in. High explosive (Forgings supplied by Minis-

try of Munitions) .... 
4.5in. Howitzer 
6.0in. Howitzer . . . . . . . . . . 
18 Pounder ....................... . 

AIRCRAFT ENGINE CYLINDERS 

3,013,206 
1,804 

1,989 
47,210 

390,899 
11,381 

43,218 

387,075 
101,131 

61,700 

By the beginning of 1942, difficulty was being experienced in 
obtaining sufficient aircraft engine cylinders to cope with the 
output of engines. Experimental forging was undertaken by 
Stewarts and Lloyds (Aust.) Pty. Ltd. on the seamless tube plant, 
and proved thoroughly successful. Barrels were forged in doubles, 
and after cooling, the forging was machined externally, parting 
tools removing the nose and tail ends, splitting the unit into two 
rough machined engine barrels. Production was stepped up, new 
buildings being erected by and at the expense of the Company. 
These housed government supplied lathes for the rough turning 
and boring operations, in addition to a heat-treatment section, 
comprising gas and electric furnaces, complete with handling and 
quenching equipment, the installation being capable of handling 
2,000 cylinders per week. 

It will be appreciated, that while the annexe had a machining 
capacity of 2,000 cylinders per week, on the forging side, 2,000 
cylinders represented only a single day's production. 

Cylinders were successfully made for the Merlin, Cheetah, 
Single and Twin Row Wasp engines, while forgings were made 
for Allison cylinder liners and Cheetah locking rings. 
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In all, the following cylinder barrels and cylinder liners were 
produced:-

Pratt and Whitney Single Row Wasp engine barrels 33,922 
Pratt and Whitney Twin Row Wasp engine barrels 44,375 · 
Cheetah engine barrels .. •.. . . . . . . . . 37,759 
Merlin cylinder liners . . . . . . . . . . . . . . . . 3,892 
Allison cylinder liners . . . . . . . . . . . . . . . . 1,827 
Forgings to be used for Cheetah locking rings 1,786 
Aircraft landing gear forgings . . . . . . . . . . . . 2,089 

The manufacture of aircraft cylinder barrels by Stewarts 
and Lloyds (Aust.) Pty. Ltd., while one of the lesser known war
time projects, was undoubtedly one of the outstanding achieve
ments by Australian industry. 

It may be mentioned that the production rate of cylinder 
barrels by this method exceeded that of any known overseas 
process. 

MISCELLANEOUS ACTIVITIES 

It would be out of place to close without reference to th 
many tasks undertaken by the Company which were of maj 
assistance to the nation's war effort, without coming direct 
under the heading of munitions. 

Work carried out by the Fabricating Department com 
largely under this heading. Stewarts and Lloyds (Aust.) Pt 
Ltd. have always specialised in the fabrication of steel tubin 
and from a comparatively modest beginning, th:is work has gro 
until now the department is housed in a building over 700ft. lo" 
The growth of explosive factories throughout the country m 
heavy demands on the fabricating plant, and pipework 
prepared, and later erected, at Deer Park, Salisbury, Ballara 
Maribyrnong, Mulwala, and St. Marys. Similar work was carrie 
out on four synthetic ammonia and four methanol plants to t 
requirements of the Imperial Chemical Industries of Australia a 
New Zealand Ltd. In these plants, the pipework covered a wi 
range, the mains carrying steam, water, acids, and proc 
materials of various kinds, at pressures which ranged from a 
mospheric to many atmospheres. 

The Engineering Department, in conjunction with the Fi 
ti.ngs Forging Section, carried out the supply of Bendix br 
drums for the Douglas C.47 transport aircraft, the heat treatm 
of 25 pounder and 4in. naval guns, the finish machining of 5.5 
solid shot, and the making of Bren gun gauges: The Engineeri 
Department also carried out the boring of the stern tube housi 
and the fitting of the stern tube for 75ft. tugs. 
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In 1941, the Broken Hill Pty, Co, Ltd, installed a plant for 
the extraction of magnesium at the Newcastle Steel Works. This 
unit employed steel retorts 17in. in diameter and over 14ft. long. 
These became distorted during service, and a plant to recondition 
them was laid down at Stewarts and Lloyds works. 

The boiler shop, in addition to its normal duties, carried out 
welding repairs to these retorts, and also developed the technique 
of welding retort heads to new bodies, the latter being made by 
the extrusion of castings, supplied by 'Broken Hill Pty. Co. Ltd. 

The boiler shop also undertook such items as the making of 
bOW ends for 80ft. cargo barges, the fabrication and complete 
assembly of type T.6 pontoons and the making of the deadwood 
and keel sections of 75ft. steel tugs. 

In concluding this account it may be mentioned that tube 
production, inclusive both of butt welded and seamless qualities, 
amounted to more than half a million tons. 

THE COMMONWEALTH STEEL COMPANY LIMITED 

The Commonwealth Steel Co. Ltd. commenced production in 
1919, manufacturing wheels, tyres, and axles for railway rolling 
stock and general castings and forgings. Later, the manufacture 
of alloy steel castings and forgings was undertaken, an important 
step in view of the foundation it provided for the work done 
during the second World War. 

Entry into the alloy steel field brought the Company into 
close association with leading overseas makers of alloy steels, and 
also resulted in the development of an organisation which pos
sessed knowledge of a nature available nowhere else in Australia. 
It provided also, contacts abroad through which much valuable 
information regarding the production of special steels was avail-
able, and led to developments which were of vital importance 

the Australian production of munitions was being planned 
as part of an empire-wide scheme. 

~~•o•v•~·· was, therefore, when the first steps in the de
of Empire defence was taken, that Australia pos

sessed, in the Commonwealth Steel Company, a steel works com
prising electric steel making furnaces, a forge plant and foundry 
equipped for the production of heavy forgings and castings, a 
modern tyre and axle plant, which was to prove of great value 

ma'intaining wartime rail transport both in Australia and over
and last, but not' least, a personnel skilled in the many 

to:spe131,s of alloy steel manufacture and manipulation. 

Prior to the outbreak of war in 1939, particular emphasis was 
upon the need for a special steels plant when the manu
in Australia of the Bren gun was being considered by the 

Government, as the specifications for this weapon 
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called for steels of many types, and it was essential that supplies 
should not be dependent upon imports, which could be interrupted 
by enemy action. 

An important experiment bearing on special steel manufac
ture was brm .. ght to a successful conclusion in July, 1937, when 
the first heat of high speed steel was produced at the Common
wealth Steel Company's works. 

The first orders for gun components were received about the 
middle of 1937 and about this time a plant incorporating 300 ton 
shell forging presses was installed. 

In June, 1938, the Company decided to extend the heat treat
ment department to provide for the treatment of gun barrel liners 
up to and including the 9.2in. gun and in July, 1938, the first 
general purpose bombs were made. In the meantime all arrange
ments for the construction of the special steels plant had been 
finalised. 

In October, 1939, the Commonwealth Steel Company was re
quested to undertake research and experiments in the manufac
ture of bullet proof plate, and the same month brought an urgent 
request for the manufacture of 3.7in. gun liners and an order 
for 20,000 protective helmets, of which approximately 2,000,000 
were ultimately producP.d. 

As the year closed, preliminary work for the construction of 
the special steels plant was starterl, and by April, 1939, construc
tion of the buildings themselves had commenced. The first rolling 
took place on August 2nd, 1940. 

Instructions for the erection of a shell annex at the Com
pany's works at Waratah were received in August, 1939 - one. 
month before the outbreak of war. From this annex came th 
first armour piercing shells ever produced in Australia. 

The annex commenced production in July, 1940, and operate 
continuously until September, 1945, producing armour piercing, 
semi-armour piercing, and high explosive shells of various types. 

In the early stages work was frequently delayed by the diver, 
sion of machine tools, ordered in Britain, to more urgent under; 
takings 'in that country, and by losses sustained .at sea due to. 
enemy action. 

Difficulty was also experienced in securing data on which 
base operating procedures. Information was available only fr, 
England, where the required knowledge was concentrated in 
hands of a very few firms and government undertakings, and 
was ultimately found necessary for the Commonwealth St 
Company to develop procedures covering every stage from st 
making to the final inspection standards required in checki 
finished components. Little information was available on prai 
tical working tolerances and these had to be gathered as the wo 
proceeded. ' 
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As the shells covered by the first orders had not previously 
been made in Australia, there were no gauges or drawings avail
able as in the case of other munitions, and considerable time was 
consumed in providing these essentials. The problem of gauges 
was a difficult one as the annex was originally equipped only 
for tool conditioning, but gauge making was undertaken so suc-
essfully that finally only a few thread gauges were purchased 

C ·ct from outs1 e sources. 
Production of bombs, shells and shell components during 
war included the following:-

6in. common-pointed ballistic cap 
4.7in. naval . . . . . . . . . . 
4in. naval ................. . 

17 pounder nose caps . . . . . . . . . . . . . . 
4.2in. mortar bombs . . . . . . . . . . . . . . 

32,271 
6,476 
1,464 

40,211 

51,000 
78,600 

The following list of components and operations required 
for the 6in. common pointed ballistic cap shell gives an idea of 
the complexity involved in shell manufacture:-

Shell body. Guide ring. 
Copper bands. Gas check cover plate. 
Adaptor. Copper screw. 
Pins. Inner ballistic cap. 
Screwed ring. Outer ballistic cap. 
Copper ring. Aluminium container. 

Caulking ring. 
Number of operations (including transport, 

machining and inspections) for shell . . 165 
Number of inspections and gaugings for 

shell . . . . . . . . . . . . . . . . . . . . . . . . 73 
Number of operations in heat treatment 

cycle (additional to above) . . . . . . . . . . 13 

The foregoing does not include such operations as bonding 
(a weathering process designed to ensure release of stresses), 
painting, branding, or packing for transport. 

In addition to these operations, which were all performed 
within the annex, the manufacture of the steel, the casting and 
forging of the shell bodies, and finish forging of the inner and 
outer ballistic caps, had to be planned and carried out. 

The steel was made in electric furnaces (arc and induction) 
and cast into specially designed cast-iron moulds. After solidi
fication the cast shells were stripped from the moulds, and, 
subsequent to removal of the 'heads,' were annealed. The shells 
t~en passed through a controlled heating process in a con
tmuous furnace to the 300 ton forging presses where they were 
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forged in two operations. Further annealing followed and the 
shells were then transported to the annex. 

Outer ballistic caps were supplied to the company in the 
'rough forged' condition, requiring a finishing operation only. 
Inner ballistic caps were forg-ed from bar stock. For both these 
items it was necessary to design the dies and plan procedure. 

HIGH EXPLOSIVE SHELL FORGINGS 

In addition to finished shells supplied by the annex, the 
Commonwealth Steel Company also produced quantities of 
shell forgings for finishing by other contractors. The more 
important of these are given hercc1nder:-

16 pounder shell forgings . . . . . . . . . . 18,840 
18 pounder shell forgings . . . . . . . . . . 245,000 

For the manufacture of 6in. C.P.B.C. shell, 2,000 tons of 
steel was used for the bodies and 600 tons of steel, plus a small 
quantity of copper, for the 32,000 sets of components produced; 
300 tons of steel was used for the 4.7in. S.A.P. shell and 150 tons 
for the 4in. S.A.P. naval shell. 

For the manufacture of 4.2in. trench mortar bombs ap
proximately 1,000 tons of steel were used and 64;500 steel pins 
(2 per shell) were also required. 

ORDNANCE FORGINGS 

Reference has been made to the Commonwealth Steel Com
pany's work in the pre-war period in developing the 
manufacture of gun steel, and the provision of billets and 
ings for the various ordnance factories. This became one 
the most important of the Company's contributions to the 
eflort. 

Forgings were produced for 14 diflerent types of 
ranging from 20mm. cannon to Sin. naval guns. The 
figures relate to the more important barrels and their 
ponents:-

Gun Barrels: 
3.7in. anti-aircraft . . . . . . . . . . 1,539 
2 pounder anti-tank . . . . . . . . 1,949 
25 pounder . . . . . . . . . . . . . . . 927 
Bofors . . . . . . . . . . . . . . . . . 3,157 
6 pounder anti-tank . . . . . . . . . . 1,433 
20mm. Polsten cannon . . . . . . . . . . • 4,439 
3in. anti-tank, 4in. naval, 5.5in., 3in., Sin. 

naval, 4.7in and 4.7in and 6in. inner "A" 
tubes ..................... . 271 

13,735 
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Breech rings for the above guns .· ... 
Breech blocks . . . . . . . . . . . . . . . . . . 
Billets for breech rings, blocks and jackets 

AIRCRAFT CYLINDER BARRELS 

7,007 
7,161 

777 

123 

As mentioned earlier, the Commonwealth Steel Company 
was associated with the production of forgings for aircraft en
gine components from the initial stages in the planning of 
Empire defence. It pioneered the production of aircraft steels 
in Australia and produced cylinder barrel forgings for the fol
lowing engines:-

Gipsy Major . . . . . . . . . . . . . . 
wasp ................... . 
Cheetah ..................... . 

15,992 
17,665 
1,252 

34,909 

There were also produced 2,237 piston forgings. 

Due to the great increase in the number of cylinder barrels 
required in the aircraft industry and for aircraft maintenance, 
steel manufacture was later transferred to the Broken .Hill 
Pty. Co's steelworks, and the forging of the barrels to Stewarts 
and Lloyds as previously recorded. 

STEEL HELMETS 

When the manufacture of protective steel helmets was re
ceiving official consideration, no firm in Australia had the 
information necessary for their production. However, the Com
monwealth Steel Company was able to secure from an English 
firm, which had been the principal supplier of helmets in the 
first world war, many details regarding materials, procedure and 
plant. These were ·modified where necessary to meet Aus
tralian conditions and a plant was installed. Production of 
helmets ultimately totalled 1,812,450, for which 4,290 tons or' 
bullet-proof manganese steel sheets were used. 

BOMBS 

Equipment was installed, including a special machine shop 
and heat-treatment unit, to produce 2501b. bombs for the Royal 
Australian Air Force, and 27,641 bombs were delivered. For 
their manufacture it was necessary to develop the required steel 
making, moulding and casting techniques, involving consider
able extension to plant. 

For the 2501b. bombs and for others made by other con
tractors, 33,440 fuze containers were made. 
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ARMOUR PLATE 

Reference has already been made to the Company's pioneer
ing work in the manufacture of armour plate, and it is of 
interest to note that the first 160 Bren gun carriers built in 
Australia were fitted with Comsteel armour of the conven
tional composition. 

The extraordinary increase in demand for this material; 
however, which greatly exceeded the Commonwealth Steel Com
pany's steelmaking and rolling capacity, together with the lack 
in Australia of the required elements for the manufacture of 
conventional armour, resulted, subsequent to the development 
of the Australian type bullet-proof steel as previously recorded, 
in the transfer of steelmaking to the Broken Hill Pty. Co's steel
works, and the rolling and fabrication of the plate to Lysaghts 
Works, Newcastle. 

Manufacture of heavy armour plate for special purposes 
was continued by the Commonwealth Steel Company, however, 
and 731 tons of such material was produced for tank repairs 
and proof plates for testing armour-piercing shells. 

While the plates for proof testing for various reasons con
tinued to be made to the conventional overseas composition, 
those for tank repairs were made to a composition somewhat 
similar to that developed for A.B.P. 3 (Australian bullet proof). 

In addition to the above, 682 tons of special manganese steel 
non-magnetic plate were made for use in the vicinity of chart 
houses on merchant ships and light naval craft. 

SHIPS' FORGINGS AND CASTINGS 

The wartime increase in Australia's shipbuilding capacity 
naturally necessitated an increase in the production of heavy 
castings and forgings. Many such were supplied to various ship· 
yards, some of the outstanding items being 32 steam turbine 
castings for Tribal-class destroyers, 15 cast steel stern frarnE · 
weighing up to 12½ tons each, and many crankshaft and tai 
shaft forgings. Outstanding among the latter was a large sh 
for an Australian cruiser. The shaft weighed 23.35 tons and 
was 75ft. long. 

HOLLOW FORGINGS 

An interesting technical development was the manufacture 
of hollow forgings never previously made in Australia. TheY. 
were required for special chemical plant of great importance 
the manufacture of explosives and 165 of these hollow forgin 
were produced. 
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TORPEDOES 

A total of 421 hollow air vessels and ends, used in the con
struction of torpedoes, was forged. 

Due to the extremely high standard of steel quality required 
for these torpedo components, few steel firms undertake this 
work, and the Commonwealth Steel_ Company's success on the 
project was considered quite an achievement. 

CRANE HOOKS FOR U.S. ARMY 

There were produced 1,391 crane hooks of 5, 10, and 20 tons 
capacity for use in small craft operated by the U.S. Army. 

TANKS 

The Company's special equipment for the manufacture of 
circular rolled products proved of value in the construction and 
maintenance of tanks and gun carriers, and over 9,000 turret 
rings were rolled for these vehicles. 

SPECIAL STEELS 

Prior to 1940 when the Company's Special Steels Plant 
commenced operations, Australia was completely dependent upon 
overseas sources for stainless, heat-resisting, high speed, tool and 
other special alloy steels. · 

The plant comprised bloom, bar, and sheet mills and acces
sory equipment, a tool steel forge plant and a centreless grinding 
unit. To augment the steel supply a complete 40 ton open hearth 
installation was built, and an additional 10 ton arc furnace and 
a one ton and a 5 cwt. induction furnace were installed. 

At the peak of war production, 140 grades of steel were made 
at the Commonwealth Steel Company's plant for use in machine 
shops, food factories, textile mills, and chemical plant, in guns, 
ships, aircraft, and general transport, in precision instruments, in 
hospitals, and in other applications too numerous to mention. 

The monthly production of liquid steel reached a peak of 
over 4,800 tons in March, 1945, as compared With 350 tons in Sep
tember, 1939. 

The following figures are also of interest:-

Total ingots produced during the war 
Bullet proof plate rolled and forged .. 
Nonmagnetic plate rolled and forged 
Bren gun carrier plates ......... . 

Tons 
32,000 

731 
682 

6,880 
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By August, 1945, the special steels plant had rolled the fol-
lowing tonnages of special steels:-

Alloy and tool steels . . . . . . . . . . . . . . 
High speed steel (18% and 22% tungsten) 
Other tungsten steels . . . . 
Stainless and heat resisting steels . . . . 

35,568 
1,657 

500 
1,537 

39,262 

Of the stainless and heat resisting steel tonnage shown above. 
over 1,100 tons were rolled into sheets. The figures quoted do 
not include the tonnages of stainless, heat resisting, and alloy 
steels produced for castings or forgings, nor do they include 4,749 
die blocks which were used in other plants for forging, drop 
stamping, moulding, and similar processes. 

THE AUSTH.ALIAN WIRE ROPE WORKS PTY. LTD. 

The Australian Wire Rope Works, Newcastle, which 'incident
ally produces a larger footage and variety of product than any 
steel ropery in the British Empire, was called upon to play an 
important part in Australia's war effort. 

The plant, which was established in 1924, was housed pefore 
the war in a main building 421ft. in length and 100ft. wide; wi.th 
a lean-to 18ft. wide on one side and 24ft. wide on the other. 
During the war, due to the great increase in production required, 
the main building was extended 216ft. in length and a new build
ing 300ft. long x 60ft. wide, with a lean-to 100ft. x 18ft. on each 
side, was erected. 

Production in 1939 was 3,750 tons of ropery products, which 
rose to a maximum annual production of over 7,000 tons during 
the latter years of the war. 

While the greater portion of wartime output was of similar 
type to that produced prior to the war, it was found necessary to 
undertake the manufacture of a Wide range of new ropery 
products essential to the Army, the Navy, and the Air Force. 

This necessitated the design, construction, and installation 
of considerable new equipment ranging from small stranding 
machines, with Sin. bobbins, using wire as small as 0.007in. 
diameter for the manufacture of aircraft ropes, to a large rope 
closing machine, with 6in. x 50in. bobbins, capable of making 
rope of up to 12in. circumference and in pieces up to 24 tons in 
weight. 

Prior to 1936 all equipment was imported from England, but 
during the war all new stranding and other machines were de
signed by the Company's officers and made in Australia, resulting 
in the development in some cases of entirely new types of equip
ment. 
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In 1940 the Defence Department requested Australian Wire 
R,opes to undertake manufacture of 1,500-2,000 miles weekly of 
:field telephone strand, for which a new design of revolving pro
duction unit was made. For these and other machines constructed 
during the war, a very efficient electric braking system was de
veloped to which in a considerable degree, may be attributed the 
high efficiency of the field telephone and other machines to which 
the device was fitted. 

To cope with the required production of telephone strand and 
aircraft cords, twenty-four 7'in. x 6½in, one 12in. x 6½in., one 12in. 
x 5in., and six Sin. x Gin. diameter bobbin stranding machines 
were designed, manufactured, and erected in under five months. 
TWO 6in. x 12½in., and two 2in. x 12½in. diameter tube stranding 
machines for mine mooring and mine sweeping cables, and two 
3in. x 6½in. machines for the manufacture of ammunition box 
handle rope were also installed. 

In 1941 the Zinc Corporation Ltd., Broken Hill, placed orders 
for two 6in. circumference flattened strand winding ropes, each 
approximately 11½ tons in weight, and which had previously been 
imported from England. 

To ha'ndle this order and to meet Australia's general require
ments for extra heavy and long ropes, a new closing machine 

• with six bobbins, capable of making a rope of up to 24 tons in 
. weight, was designed and installed. Most of th'is and other equip
ment made during the war was fabricated in the workshops of 
the coai mining firm of J. and A. Brown, Hexham. 

A 3A American Standard Machinery Company swaging 
machine was imported and installed in 1940 for the manufacture 
of aircraft control ropes for Beaufort bombers, Beaufighters, and 
Mosquito aircraft. The purchase of th'is swagin·g unit also in

. volved the installation of pre-stretching, proof-loading, measur
ing, assembly, and inspection equ'ipment, essential to conform to 
)he rigid specification for aircraft control ropes. 

Of the total Australian Wire Ropes production, 41 o/o went 
directly to defence applications and at least 90% was used either 
directly or indirectly for defence purposes. 

The manufacture of field telephone cable was a very import
ant war-time achievement and was a joint project undertaken 
by several firms. Rylands Bros. provided tinned steel wire, Metal 
Manufacturers, Port Kembla, supplied the tinned copper core Wire, 
Australian Wire Ropes produced the combination steel and copper 
strand, and the Olympic Tyre Co., Melbourne, insulated and 
braided the finished product. 

In all, Australian Wire Ropes produced 233,000 miles (2,118 
. tons) of D.3 and D.8 field telephone cable of 0.043in. and 0.0496in. 
diameter, each consisting of 7 steel and 1 copper wire. 
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Some 80,000ft. of seven strand aircraft cords, varying from 
0.06in. to 0.24in. diameter, and using wire from 0.007in. to 0.02lin. 
diameter, was produced weekly to the rigid requirements of the 
aircraft authorities. In all 17 million feet of aircraft cords were 
produced. 

A contributing factor to the efficiency of the aircraft strand
ing section was the fact that Rylands Bros. were able to supply 
the fine wire required on spools carrying up to 901b. in one piece, 
whereas pre-war, such wire was imported in coil form in pieces 
from 81b. to 221b. The spooled wire in long lengths facilitated 
faster and better winding with almost infinitesimal waste. 

A total of over half a million aircraft control ropes with 
swaged ends was produced. 

Ropes were supplied to the Navy varying from small sounding 
wire strands up to lO½in. diameter slip-way ropes. Approximately 
86,400ft. of submarine mine anchorage rope was supplied weekly, 
ultimately totalling 11 million feet. 

The Australian Wire Rope Works manufactured all the heavy 
ropes and strands used in the making of boom nets required for 
the protection of our harbours against submarines. These nets 
were all fabricated in Newcastle by civilians and navy personnel 
under the direct supervision of the A.W.R. technical officers. Some 
of the nets when laid out on the rigging grounds covered an area 
300ft. x 80ft. and weighed 8 tons, and considerable skill was re
quired in reeving up and then folding into bundles, 16ft. x 4ft. 
x 4ft., for transport. 

Over 1¼ million feet of strand was also supplied to the U.S. 
Navy for anti-submarine net manufacture. 

A total of 2¼ million feet of frame ropes was supplied for 
use in the manufacture of camouflage nets. In this connection 
the Company originated a simple type of ferrule fitting whicll 
rendered splicing unnecessary. It is estimated that half a million 
man-hours were saved by this device. 

Using this fitting the Newcastle Country Women's and similar 
associations fabricated 2¼ 'million feet of !in. circumference 6 x 7 
rope into camouflage net frames - a worthy eflort on the part 
of Newcastle's womenfolk. 

The use of earth moving equipment for the construction of 
roads and aerodromes necessitated the supply of special ropes for 
a considerable period at the rate of 30,000ft. per week. 

Immediately prior to the war, Australian Wire Ropes em· 
ployed a works labour force of 101, which grew during the war 
to 366, of whom 50% were women. The female employees pro
duced most of the field telephone cable and are to be commended 
for their skill and perseverance. 
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In all, Australian Wire Ropes, during the war, supplied 38,000 
tons of ca~les, ropes, and strands, totalling 205,000,000ft., including 
the followmg:-

Feet 
Mine mooring rope . . . . . . . . . . 
Mine sweeping rope . . . . . . . . . . . . . . 
camouflage frame rope . . . . . . . . . . . . 
Rope for earth moving equipment . . . . 
Rope and strand for harbour defences 
Aircraft cables . . . . . . . . . . . . 

Field telephone cable .. 

CONCLUSION 

11,000,000 
3,000,000 
2,250,000 
3,000,000 
3,000,000 

17,000,000 
Miles 

233,000 

The foregoing is mainly a statement of facts and :figures in
tended to give some idea of the amazing effort put forward during 
the war by the steel industries of Newcastle. Actually, only the 
highlights have been covered, and in the case of every industry 
concerned, many interesting items, because of space, have been 
omitted from this review. 

It would be out of place, however, to close without reference 
to the sterling performance of the personnel - both male and 
female - of the plants concerned, without whose unremitting 
efforts much of the work described in the previous pages would 
have been impossible. 

Reference should also be made to the fact that some 3,800 
men, who have assisted in no small measure in making history, 
enlisted from the steel works and its associated and subsidiary 
industries. 

The assistance afforded the steel industries' war effort by the 
many general engineering shops and foundries in the Newcastle 
district and elsewhere, is gratefully acknowledged. Notwithstand
ing their own arduous burdens, they cheerfully executed the cast
ing, machining, or fabrication of innumerable items essential 
to the satisfactory and speedy completion of many projects under
taken by the steel industries. 

It is patent from what has already been written that the 
managements and personnel of the heavy industries in this dis
trict put forth a mighty effort and the thought which comes 
naturally to mind is 'What was the cost?' 

It used to be, and probably still is, the belief in certain 
quarters that war was a good thing for the steel and heavy en
gineering industries. There may have been some justification 
for this view when reflecting on the puny wars of the past, but 
speaking of our heavy industries in Australia, and no doubt those 



130 D. 0. MORRIS 

of our allies, preference, both from production and marginal 
profit, will always be overwhelmingly in favour of producing the 
instruments of peace rather than those of total war. 

In point of fact, and speaking strictly of steel making, which· 
furnishes the basic materials for munition production, the yieL 
of steel per item is appreciably less on the average for war th 
for peace, and therefore generally speaking, greater production 
steel is not brought about so much by increased efficiency, but 
increase in manpower, plant, and steel-making capacity. Beca 
of reduced yield per unit, costs rise and margins get less, and c 
easily disappear entirely. 

What, then, is the reason for this reduc_ed yield per u 
and why cannot it be improved? The answer lies in the f 
that steel for war must approach absolute perfection. Only t 
best of any individual ingot is acceptable, and to cite a speci 
example, only the middle third of an ingot is used for the larg, 
gun barrels or for a pressure vessel for a torpedo, and the remai 
der is scrapped. The need for this procedure has been the subje 
of discussion between ordnance specialists and steelmakers 
decades, but the logic which inspires the argument of th 
behind service specifications, is that the life of servicemen, t 
success of a sortie - an action - yes, even a campaign, m 
depend, and has depended, on the reliability of British weapo 
Therefore, only the choicest material may be used, which involv 
much waste. 

War, however, is accepted universally as being wasteful, a 
this is just one more phase, admittedly little known, which len 
support to this general view. 

There is, fortunately, a credit which tends in the long r 
to offset the debits, and may in the final analysis even compens 
the world for human loss and wastage. That is, the fact t 
the exigencies of war, which set the tempo for all things, en 
mously accelerate research, and thus in a few seemingly endl 
years of travail, the research of nigh on a century is packed, 
the ultimate betterment of mankind. 

In conclusion the author extends his thanks to the manag, 
ments of the various industries for permission to publish th 
paper, and gratefully acknowledges the kindly assistance afford 
him by many officers of those plants in providing technical a 
other information for its compilation. 

<'l "Manufacture of Tungsten Powder and Ferro Silicon 
the Works of the Broken Hill Pty. Co. Ltd., Newcast 
by I. H. Carne. 

<2
) "Tube Making in Australia," by A. N. Hamilton-Proc., 

Institute of Mining and Metallurgy Inc.-N.S. No. 99, 1935. 
<"l "The Manufacture of Seamless Steel Tubing in Australi 

by J. Porteous. 
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Fig. I . 3,000 ton Hydraulic Heading Press under construction in the Broken Hill Pty. Co. 
Ltd., Machine Shop, Newcastle. 



Fig. 2 Launching of a 75 ft. Ocean-going Tug, built by the Broken Hill Pty. Co. Ltd., 
Newcastle. 

Fig. 3. Section of Tool Room, Broken Hill Pty. Co. Ltd., Newcastle. 
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1:1g. 4. Barbed Wire and Steel Pickets made by Rylands Bros . (Aust.) Pty, Ltd. 
protecting a Tobruk Strong-post. 
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fie. 5. A Batch of Aircraft Cyllnaer Barrels made by Stewarts and Lloyds (Aust .) Pty. 
Ltd.. ready for charging into a Heat Treatment Furnace. 
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Fig 6. Wire Mesh Bridge constructed from Wire made by Rylnnds Bros. (Aust.) Pty. Ltd .. 
tn use in the Aitape Area, New Guinea.. 
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Fig. 7. Three-high Mechanical Mill a t Lysagh ts Works Pty. Ltd., Newcastle, 
used for rolling Bullet Proof P late. 
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Fig. 8. Universal Carrier with all-welded Hull m ade from Bullet Proof Plate rolled at 
Lysaghts Works Ply. Ltd., Newcastle. 
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Fig. 9 . Spinner (for Mosquito aircraft) made at Lysaghts Works Pty. Ltd., undergoinf 
Static Balancing. 
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Fig. 10. Pipe Work made by Stewarts and Lloyds (Au.st.) Pty. Ltd., used in association witl> 
the Manufacture of Perchlorethylene at an Australian Chemical Plant. 
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Fig. 11. Section of t he Commonwealth Steel Company's She11 Annex. 

Fig. 12. Forging a T a ilshaft for an Australian Cruiser at the Commonwealth Steel Company'' 
plant. The sha,ft was 75 f t. long and weighed over 23 tons. 
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Fig. 13. Large Rope-making Machine at the Australian Wire Rope Works Pty. Ltd., N wc_stle. 
The machine has a capacity of 24 tons of rope in a single length from 6 x sou bobbins 

Fig. 14. Portion of Winding Shop, Australian Wire Rope Works Pty. Ltd., Newcastle. 
with a size range of from 2-%. in. to 12 in. circ. in Ordina_ry or Langs Lay rope 




