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By ,Ian McCulloch. 

The author shared the opinion of many engineers that 
the foundry, hot and dusty, presented no problems worthy of 
tackling until circumstances led him to a closer connection 
with the foundry. He then found it a place presenting many 
interesting problems full of fascination. 

Many engineers held the view to attach a foundry, with 
its many attendant difficulties, to their organisation, was in-
advisable. But the author would show that it was just as 
amenable to rational treatment as any other branch of en-
gineering art. Definite results and quality were obtainable 
with proper supervision and technical research. 

The average jobbing foundry was but little advanced 
from its condition of fifty years ago. Moulders still followed 
traditional methods. . The foundry was uncomfortably hot 
during pouring, too cold and draughty in winter, and always 
dusty and congested. 

The foundry was really the beginning of many engineering 
jobs, and good castings could save much subsequent trouble, 
vexation and cost. The design of castings and of patterns 
for easy moulding was too often neglected by the engineer, 
and the jobbing foundry had to do what it could without any 
efficient technical advice, such as any foreman in any other 
branch would receive as a matter of course. There were 
few foundry consultants in Victoria; their value was too little 
recognised. 

The peculiar problems in hydrostatics, venting, uneven 
shrinkage, metallurgy, etc., entering into large castings were 
left too often by the engineer to the foreman foundryman, 
who, although highly skilled and a good organiser, should 
not be expected to handle such problems. There should  be 
a closer co-operation with the engineer and the metallurgist. 
In other countries this was being recognised, and in England, 
for instance, there was a research bureau and foundrymen's 
institute, and soon there should be similar institutions here. 

There was no impenetrable mystery in foundry practice 
—no trade secrets; the author outlined the procedure. First, 
the . pattern should be of the best quality of workmanship, 
and proper consideration should be given in its design to the 
mode in which it is to be used in the sand. Economy in the 
pattern shop was false economy. The foundry for jobbing 
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work could not be equipped so as to efficiently do any type 
of casting, and necessarily it was never as efficient on any 
particular job as a foundry designed specially for production 
of restricted lines. 

"The first thing a foundryman does is to prepare his sand, 
and at this point the result of research would be of great 
assistance to him, but not having that at his command, he 
proceeds according to inherited or handed down formula or 
practice, and mixes sand something after this sample. One 
barrow full of floor sand, 3 shovels of new sand or loam, 2 

shovels of horse manure, 2 or 3 shovels of coal dust, perhaps 
some ground coke or silica sand; this is all milled and mixed. 
Now all that is required is a sand sufficiently refractory to 
withstand the heat of the metal, taking into consideration 
the addition of coal dust, which forms a cushion of gas be-
tween the sand and metal, and by the time it has been forced 
through the pores of the sand the metal has lost its fierce 
heat, particularly as the surface of the mould will be coated 
with plumbago or other carbon refractory. The sand must 
also have a bond of colloidal matter to hold the shape of the 
mould against the wash of metal. Reinforcements, nails or 
rods are inserted at the weaker parts of the mould. Fur-
ther, it must have a porosity and permeability sufficient to 
enable the gases and steam free exit during casting period. 

"Reverting to his mixture-floor sand, new sand (about 
86 per cent. silica and 14 alumina), coal dust and horse man-
ure—I have not yet met the foundryman who can explain 
the virtues of this. I know it can be done very well without. 
Regarding silica sand, if required leave out part of the new 
sand. Coal dust is of no service whatever, excepting to in-
crease the porosity. Now we see by this example that the 
foundryman can do with some assistance from any one cap-
able of thinking and using common sense, not doing things 
because Tubal Cain or some other artificer in metals did it 
in the dark ages. In ramming the sand around the pattern 
a knowledge of fluid pressure would be advantageous, as the 
firmness of any part of the mould is governed by the self-same 
rules that the engineer uses when designing a tank or any 
other receptacle to hold fluid, taking into consideration the 
specific gravity of cast iron. This also governs the weight 
required to hold the top part of the mould down. 	The 
venting or exit for gases generated during casting is a prob-
lem which any engineer can solve if he cares to think it over. 
A pocket with metal on three sides of it will generate more 
gas than any one side of the mould, and this gas must have 
a free exist; otherwise it will force its way into the mould, 
causing a scab and a dirty casting. The entry of the mol-
ten metal into the mould is often the cause of disasters 
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through the abrasive or burning action of the metal on the 
sand. This may be prevented if the metal is sent into a low 
part of the mould, so that after the first few pounds a cushion 
of metal is formed; or if this is not permissible, then steps 
ought to be taken to reinforce or protect that part of the 
mould where the metal strikes the mould surface with a thin 
steel plate. If this is done much dressing would be avoided 
and a cleaner casting would be the result; for it must be borne 
in mind if there is a scab anywhere on the casting sand cor-
responding to the size of the scab is somewhere in the cast-
ing, causing a weakness .where it has lodged, or it may show 
up later when casting is machined. 

"Before leaving sand I would just say a word about mould-
ing sand in relation to the skin of the casting. I have men-
tioned that the sand must have a porosity suitable for the 
ready escape of gases and steam. Now, as this is governed 
by the silica content and grain size of the sand, a job such as 
a fairly heavy section, say of in. minimum thickness, where 
the skin can be protected by rubbing, painting, or sleeking 
with plumbago on the mould surface, a fairly good skin is to 
be expected, as the plumbago fills up or closes the spaces 
between the sand grains, presenting a smooth surface to 
the metal. But if the job is of a thin section, of an orna-
mental character, or for any other reason cannot be rubbed 
up with plumbago, then the coarse sand must produce a 
rough casting, for the skin of the casting is as the skin of 
the mould. But as a thin section casting does not make 
as much gas as a heavy section, and the metal is set be-
fore the gas has accumulated sufficiently to force a scab, 
the gas or steam problem is not present to the same degree. 
Hence it is permissible to use a much finer grain size of sand, 
which of course has a lower porosity, but gives a much 
smoother skin and brings out any ornamentations much 
sharper. 

"Considering this, it does not take any;  of Tubal Cain's de-
scendants to tell us that: coarse sand, unless prepared and 
assisted with a neutral refractory such as plumbago, must 
give a rougher casting than fine grain sand. And common 
sense also tells us that if we use fine sand for a heavy sec-
tion casting, we must deal with the gases and steam formed." 

The above outline showed that there are really no mys-
teries in the foundry; definite results followed definite pro- 
cedure with appropriate tools and moulding material. 

And now coming to cored castings:— 
"Core sand is any rough large grain sand, with sufficient 

bond to hold it in shape after drying.. Thera are severa_1 
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core bonds on the market, patented and otherwise, which are 
all effective, each having their strong points, and no doubt 
their failings. The ideal core for a Ioundryman is one which 
is quickly made, easily dried or baked, which will stand the 
wash and erosive action of the metal, and yet not be so rigid 
as to set up strains, or even cause fracture in the casting 
during contraction. Of course there are many ways of over-
coming contraction, such as building into the core loosening 
bars, which are pulled out before the contraction takes place; 
or placing pieces of wood which burn out with the heat of 
the metal, thereby allowing the casting to contract. 	The 
latest method adopted in England and America is to use a 
silica sand mixed with a bond to about 3 in. thick all over 
the outside of the core, and fill up the centre with ashes, 
coke, or burned dry sand. This is said to fill all require-
ments, and the reason will be recognised by .considering the 
requirements of a core bond. Anything that will stick grains 
of sand together is good enough for a bond. We have seen 
that the natural bond is clay or alumina, but as this closes 
the pores of the sand it is objectionable. Molasses, sugar, 
starch, glucose, glue, flour, dextrine, core-gum, pitch, resin, 
linseed or any of the drying oils have been and are used by 
foundrymen as core bonds. To make matters simpler for 
him, several firms have blended or mixed a core bond ready 
for use in the foundry. This is one step towards progress, 
and the days of messy mixtures, some including sour beer, 
are, I hope, at an end. A perfect bond should be sufficiently 
strong to enable the core to be handled without crumbling, 
possess a high porosity, resist moisture, and hold its shape 
against the wash and pressure of metal; and finally it should 
break down after the metal has set or frozen. and run out 
of the casting without much dressing. I would not care to 
state that this perfect core bond for all classes of cores 
has been found. bet there are on the market several well 
worth the foundryman's investigation. 

'Now we will presume the mould is ready and we want 
the metal. The cupola is lit, and while it is burning up we 
will examine another of the mystery boxes of the foundry. 
The cupola is usually in charge of a semi-skilled labourer, 
often above the foundry foreman in his knowledge of how to 
work his cupola, and who jealously guards his knowledge 
and secrets from all. Some of them admittedly deserve great 
credit for their work, considering the plant and the condi-
tions under which they have to work. 

"The cupola is simply a combustion chamber where com-
bustion is governed by the same principles as control com-
bustion under any boiler. The outside is anything to hold 
the brick lining in place, and take the pressure of metal and, 
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charges of coke and iron. The bottom part, from the sand 
bottom to the bottom of the tuyeres, may be termed the well 
or crucible, the height of the tuyeres being governed by the 
amount of metal it is desired to gather in the cupola. This 
well is also the mixing chamber, where the pigiron and scrap 
is mixed prior to tapping out into ladles. The tuyere zone 
is located from the bottom of the tuyere to the bottom of 
the melting zone. The melting zone is approximately from 
15 in. above the tuyeres to 20 in. above the tuyeres; both of 
these figures will vary according to blast pressure and size 
of charge. 	Above that up to the charging door may be 
termed the charging zone. 

"All this may be likened to a blacksmith's fire with a case 
round it to carry the succeeding charges,• and also use the 
waste gases and heat above the fire. 	As each charge is 
melted and dropped into the well a further charge of coke 
brings the melting zone up to the original height, and the 
second charge drops into the fire or melting zone. In esti-
mating charges and coke ratios, the average engineer is 
more capable than the average foundryman, and certainly 
more able than any semi-skilled labourer, but he must take 
the time to think, "It is hot work around the cupola, let 
some other body do it." This is wrong; it may be hot, but 
it is interesting when one knows that he is getting the best 
out of even . a foundry cupola. 

`The working of the cupola is simple. For the complete 
combustion of one pound of carbon 12 lbs., or iso ft., of air 
are required. This develops 14,500 B.T.U. But if we only 
burn it to carbon monoxide, the resulting heat is only 4.500 
B.T.U. It is our fault if we lose two-thirds of our coke 
value, and an engineer is better equipped to stop it than a 
f oundryman, if he would only take more interest. 

"To illustrate the lack of common sense displayed by the 
average cupola man, I would instance this: In almost every 
foundry it is customary to put a heavier charge on the bed 
than the succeeding charges, the reason given for this being 
that the bed is heavier than the succeeding charges. This 
is directly contrary to what it really ought to be, and may 
account for the dull or cold metal so often found in the fou: 
dry at the first or second tap out. From the bed, and per-
haps for the next two charges of coke, a certain amount c 
heat is absorbed by the brick lining, therefore the charge 
of iron ought to be lighter." 

In conclusion, the author expressed the hope that he had 
not too trenchantly criticised the old type of . conservative 
foundryman. If he had any faults they were the outcome 
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of neglect from the engineer who was in a position to accord 
him his skilled technical knowledge. Improvement of the 
jobbing foundry would follow closer co-operation of the foun-
dryman and the engineer. 

Mr. R. J. BENNIE, in moving a vote of thanks, said Mr. 
McCulloch had given a very interesting paper. He suggested 
that the discussion be adjourned to the next meeting, be-
cause he believed many members who were unable to be pre-
sent that night would like to contribute to it. The chief 
theme of the paper was a plea for the entry of the engineer 
—or the scientific mind—into the foundry. In other coui-
tries, where industries were on a bigger scale than in Aus-
tralia, the engineer and metallurgist had combined in bring-
ing the foundry as up-to-date as any branch of engineering 
This was true also of many of the larger firms of Australia 
But the small foundry was still run on the same old lines. 
It was therefore in the small foundry that they had to look 
for the biggest advance, because they had the biggest leeway 
to pick up. One of the problems referred to was the dusti-
ness of the foundry. This was, in most of the larger foun-
dries, being overcome by means of ventilation by eduction 
fans. Improved ventilation made conditions better for the 
worker, and resulted in more efficient work. 

Mr. A. E. HUGHES seconded the vote of thanks. 	He 
had listened to Mr. McCulloch's contribution with much in-
terest. He was unable to agree with all the lecturer's views. 
Possibly that might be due to his early training having been 
in an establishment where the foundry was looked upon as 
the best chicken in the clutch. Quite a number of things 
mentioned by Mr. McCulloch did not happen in that foundry, 
and the old Scotch engineer at the head of affairs had a par-
ticularly happy method of imparting his knowledge to his 
trainees. They gathered quite a lot of information that was 
found to be of great value later in life. 	He thought the 
foundry was a dirty place. The whole surroundings made 
it so. But it was a place where certain work was done, . and 
done well. If it were not done well the business would not 
last long. The fact that foundries descended from father to 
son, and good livings were made out of them, proved their 
methods were not altogether bad. 	Certainly the engineer 
could help considerably. If he designed his work so that 
castings were made of a proper section, and even went as 
far as to consult with the foundryman and the pattern-
maker, who was nuite as important when a casting was being 
made. If they all worked together the result would be quite 
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good. He obtained most of his castings practically without 
patterns. They were mostly large cylindrical vessels rang-
ing to a diameter of io feet inside. When the problem was 
placed before the foundryman he usually turned out a very 
creditable job. He had had a problem with regard to oval 
retort pipes in a vertical retort with a pipe wall in. thick. 
He found it exceedingly difficult to get the pipes "made. Scot-
land made a most excellent pipe, but the charges were almost 
prohibitive; and it appeared to him that the metals being used 
in Australia to-day were hardly suitable. The foundryman 
had not the metallurgical knowledge as to mixing the right 
proportions of metals. Mr. McCulloch  would agree that an 
excellent finish could be obtained here on a. casting as was 
exemplified in the case of many of the domestic stoves in use 
to-day of Australian origin. 

Mr. A. E. BATTLE said the paper had taken his mind back 
a number of years. Where he served his apprenticeship they 
were compelled to go through the whole of the work. He 
had spent some time in the moulding shop, but it had not 
been quite as bad as the lecturer had pictured. During the 
war one foundry had come particularly under his notice. It 
was a very large place, and associated with it was a chemi-
cal laboratory, where everything was treated and research 
work carried out. The foundryman to-day was really a more 
important person in the engineering world than he was years 
ago 	The introduction of the internal combustion engine 
necessitated castings of higher value than had been demanded 
previously. The nature of the metal, the manner in which 
it was run, in fact, the whole system had to be of the highest 
standard. Some of the best moulding work he had seen in 
any part of the world had been in the State locomotive shops 
in Western Australia. He had walked through a large foun-
dry where a number of moulding machines were at work, but 
there was no dust. All dust was drawn off by suction fans. 
Even where hand work was being done means had been found 
for removing the dust from the atmosphere. 

Mr. R. ANDERSON said he had listened with interest to 
the paper. He quite agreed that great advance had been 
made in engineering. Generally speaking, cast iron was re-
garded as simply cast iron. But by varying the ingredients 
they could cause important changes to take place in the 
metal, and from nine tons per square inch they could secure 
up to 18 tons. The introduction of the Diesel engine had 
had an important bearing on the industry. 

Mr. W. E. DOWNING said he thought Mr. McCulloch was 
on right lines. 	The position of the jobbing foundry was 
somewhat difficult, because when an odd job was sent in to 
be done they had to work guided only by previous experience. 
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The iron foundry business might be described as that of 
trying until the foundryman had found a way to do a certain 
job. But when once he had discovered the way to do it he 
was very conservative; he would not readily change his me-
thods. It was useless in his opinion to put a good foundry-
man on a high-class moulding machine. The only man who 
would be of any use would be a smart labourer. But where 
the good foundryman would fail in the use of advanced me-
thods the trained engineer would step in, and the combination 
of the engineer with imagination and brains, and the smart 
labourer, would be the ideal. Another matter was the diffi- 
culty of getting a perfect casting. 	A most cantankerous 
thing was hot metal in a mould. The non-ferrous castings 
gave trouble because of the gases they accumulated. It was 
the metallurgist's job to supply metal that would make a good 
casting; and he should also check the sand. It was the en-
gineer's task to prepare mouldings so that they could obtain 
a satisfactory output. But, after all, when a single good 
casting was required, he preferred the old foundryman work-
ing by rule of thumb. 

Mr. MCCULLOCH, in reply, said the paper had been writ-
ten for the purpose of creating discussion, but every state-
ment he had made could be proved by a visit to a foundry 

The discussion was adjourned . 
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DISCUSSION 

ENGINEERING IN RELATION TO THE FOUNDRY. 

By Mr. Ian McCulloch. 
Mr. A. -LEWIS said foundry work in Australia would for 

many years be dependent upon the hit and miss type of foun- 
dryman, who, notwithstanding considerable handicaps, was. 
doing good work. We handicapped the foundry in the sup-
ply of pig scrap, sand and coke varying over a wide range of 
analysis, and in most cases no analysis available. 	Other 
branches of engineering had been revolutionised during the last _ 
25 years, while the foundry, with few exceptions, had been 
side-tracked for economic reasons.Cast iron had been re- 
placed by concrete and structural steel and bronze. 	With 
increases in the number of blast furnaces in Australia, im-
provement might be looked for as a result of competition in . 
pig supplies, and sales would later be on an analysis and 
value basis. r orcoke and sand he did not see much hope 
tor improvement. Practically any new development in cast-
ing work had been the result of demand by engineers for new 
shapes, and insistance on getting such shapes, notwithstand-
ing the "can't be done" aspect of the average foundryman. 
Looking on recent contracts one saw prices for cast iron pipes. 
as low as ..12/15/ per ton, while fairly intricate castings were 
available at from X25 to £3 5 per ton. Now piecework rates 
in England a few years ago for work on cast iron pipes, 12 in. 
diameter by 9 ft. long, were: Casting less than 3d. each, 
ramming less than 6d. each, core-making less than gd. each. 
Approximately 	per cwt. These were exceptionally good 
prices for repetition work. To-day prices were 2/8 per cwt. 
including bonus, and this amount corresponded to 6/8 per 
cwt. for Australian conditions. 

Mr. McCulloch mentioned the customs of placing a -hea-
vier charge of metal on the bed compared with later charges 
in a cupola. My experience showed that regular charges of 
metal were provided on varying fuel charges, the first five 
being at the rate of II cwts. of coke per Io .cwts. of iron, the 
following being at the rate of i cwt. It was well for en-
gineers to consider the amount of lifting and transport of 
foundry materials necessary to make an average casting in 
a jobbing foundry. For a cored casting weighing about io 
cwt. it was necessary to pick out, lift, transport and lower 
one moulding box, weight, say, 2 tons; handled twice, 4 tons; 
supply core iron 3 cwt.; weights for boxes, 2 tons; handled 
twice, 4 tons. Sand disintegrating mixed, tempered, aerated, 
sifted, shovelled to mould and removed: 1 ton handled 8 times, 
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.8 tons; pig and scrap, 12 cwt.; fuel, 2 cwt.; lift mould and 
-cores to drying room, 3 tons; return, 3 tons. 

Mr. IAN MCCULLOCH said the paper had been only a sum-
mary of foundry practice, because foundry practice was too 
wide a subject to be covered in one or two or three meetings. 
Mr. A. E. Hughes had said he could not get oval retorts made 
in this country, and that he could get good ones from Scot-
land. The men were just the. same; the only difference was 
the pig iron. The retorts were made in Scotland under piece 
work conditions. If he remembered correctly two men made 
three retorts per day. He did not think two men could make 
one in three days here, because they had not the appliances. 
The . answer to Mr. Hughes was that it was not because the 
men could not make them here, but because no one would 
take the trouble to try. It would certainly be a payable pro-
position here. 

With regard to the sand, the only thing he had said was 
that the sand had a great bearing on the skin of the casting. 
In Australia to-day it was a common practice to use the same 
sand for making special work as in general jobbing work. 
This was not right. The light casting got its skin from the 
sand; the heavier job got its skin from the plumbago coat on 
the mould. 

Australia had only a limited demand, and generally it 
would not pay to instal big machines here, because there was 
not the continuity of demand. 	In America or England, 
where there was a bigger market, they could afford to erect 
the plant. There were, however, hundreds of little things 
in the foundry where the engineer could assist the foundry-
man, but he did not. 

Mr. BAILEY asked if Mr. McCulloch had had any experi-
ence in semi-steel castings for retorts. He thought the en- 
gineer did seek to help the foundryman. 	It was his in- variable practice to consult the foreman moulder and pattern-
maker, in the drawing office, before proceeding with any im-
portant work. 

Mr. MCCULLOCH said semi-steel was invented in America, 
but it did not make a heat-resisting casting. 

Mr. F. C. HALL said he came in contact with a lot of 
people using crude oil engines, and considerable trouble was 
experienced an replacing pistons. 	He had seen dozens of 
locally-made pistons, but there appeared to be great difficulty 
in getting suitable castings. 

Mr. MCCULLOCH said that was a case where a high man-
ganese content was required. The iron here did not carry 
manganese. It had to be added. 
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The PRESIDENT said the statement was continually re-
iterated that castings and various works could not be done 
here. They could be done here just as well as elsewhere. 
The whole question was whether it would pay to put in the 
necessary plant in view of the limited output. If there was 
sufficient demand the article would very quickly be manufac-
tured. Possibly the demand for retorts for which Mr. Hughes 
was inquiring would be very small. In this country no mat-
ter how highly technical or involved the engineering problem 
might be, there were people who could undertake it, provided 
they could see a return for the capital and labour and skill 
put into it. 

Mr. G. T. ROBERTS said the Navy Department had had 
great difficulty in obtaining a non-porous casting, but they 
had recently obtained an Australian-made casting that was 
Ioo per cent. better than they could obtain at home. 

I~ 
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