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Introductory words to the "mini'" series

Technical and Industrial Information available today is vast and very broad in
scope. It concerns not only technological or technical information but also
information required for industrial development, such as market information,
socio-economic data etc. Ultimate users o: industrial and technological information
are mostly enterpreneurs, industrial plamnners and policy makers at both the large

and small level aiming to establish a new or modernize an existing facility.

In advanced countries, the ultimate users in general know what information they
need, aud how to go about getting it. Jn the other hand, in developing countries,
in general, users are less capable of defining their problems, searching for them

and then benefitting from them.

The United Nations Industrial Develapment Organization (UNIDO) promotes the use

of industrial information in develcping countries by several means.

As one of the means tl.: Industrial and Technological Ianformation Bank (INTIB)
compiles technology pr.files on selected sectors of manufacturing industries of
primary concern to developing countries and responding to the requests from

mini-, small- and med:um enterp-ises in these countries., The present profile,

dealing with mini-four iries be’ongs also to the series of INTIB - Technology rrofiles

on mini scale production units. A list of the technology profiles published todate

appears at the end of .uiis profile.

The designations :wployed and t'w' presentation of the material in this
document do not imoly the exprescion of any opinion whatsoever on the
part of the Si:crevariat of the Urited Nations Industrisl Development
Organization conce:ning the legal itatus of amy country, territory, city
or area or of its authorities, or —oncerning the delimitstion of its
frontiers or boundar.es. Mention 5. company namer and commercial
products dces not imply the endorsrment of the United Nstions Incustrial
Developmert Organization (UNILJ). "3e views expressed by the author of
this document do not necessarily rs iec: the views of the Secretarist of
the "nited Nations Industrisl Devel pmert Orgenization. This document
has been rrproduced without formal = diting.
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Introduction
S ——
The production of castings is essential to the industrial development
of a country. The manufacture of machine parts and components used in
transportation, farming, comstruction and mining, and in water supply

and sanitation is dependent on castings.

Various stages in the growth of the foundry industry in developing the
economy of a country demonstrate the interdependence of manufacturing
industries on the availability of supplies of cast-to-shape products and
the foundry industry for a nroper market for products. Although castings
comprise a minor portion of metal consumed in an industrially .eveloped
country (around 15%), they are, however, mainstay of tke mechanical and
electrical engineering. Considering the end use of castings, it couid be
observed that in industrialized countries the major consumer is the mecha-
nical and machine-’ silding industries, dominated by the automotive industry.
There is hardly any economic sector which does not depend, either directly
or indirectly on cast products. Tables A.0/1 & A.0/2 in the Appeadix A.O
provide data for economic indicators of high and low castings intensity

for selected industrialized and developing countries.

The foundries in the developed countries can be classified according to
the following four groups:

1) Heavy foundries - original parts for machine builders
replacement parts for above

2) Automotive foundries

J) Specialized foundries - investment, vacuum, etc.

4) Jobbing service foundries
The last case is generzlly the survivor in the developed countries, because
the larger and higher technical units are more vulnerable to competition
because their activities are financially interesting to private investors
in developing countries and the production volume can support qualified

technical and administration staff.

The jobbing or service foundries tend to survive in the developed countries
precisely because they provide a convenient - corner shop-type of service
to local industry. Their prices are high because they are required to keep
highly qualified staff, with a low total production volume. However, their
market is one where the availability, rather than the cost of the casting
is the important factor; rhe opportunity cost of the slow supply of a

spare part, or too large a distance between engineering development offices

and the foundry, is too great to permit the purchasing or engineering
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department to closely examine prices. Those who do, frequently find themselves

in great trouble.

The structure of the casting industry varies from country to country but some
features of the industrialized countries and the developing countries as a
group emerge from the analysis of production and such data as is avzilable,

on the number of foundries, employment and size of establishments. Data on
these is limited and can often be contradictory. The difference is often at-
tributable to the -zoverage, particularly due to sma)ler units. However, these
data could provile a reascnable indication of structural feacures and trends.
An -nalysis of the employment profile for the ferrous industry as indicated

by the Figure A.0/1 shows clearly that on average, one quarter of the ferrous
foundry in the industrialized counties consists of foundries employing less
thar 20 people. Only the cop 15% ot foundries could be considered to be large
with a work force of more than 250 each. By comparison, the structure of ferrous
foundry industry in developing countries is more dominated by the small scale
establishments, see Figure A.0/2 in Appendix A.0. The technology adopted by
many developing councries to a large extent deper-ds more on the nature of the
market or lack of investment funds. In small foundries producing less than 100
tonnes per month, technoques and skills of labour are of greatest significance.
In these units, the target has to be set in terms of consistently adequate
quality rather than on quantity. The establishment in developing countries of
low volume foundry plant producing castings of adequate quality can be seen in
a similar light as indizated for the jobbing foundry in developed countries.
For product quality and company growth, technical ability and management expe-
rience must be available. surh personnel are not easily obtained and are in
fact the heart of this type of industrial ope:cation. A small foundry can disap-
pear if the key individual leaves; it is thus most adviseable when considering
and offering financial support for the establisnment of a fourdry, to ensure
that key personnel wilil be strong share holders or very well paid, with strong

incentives to remain.

The market must be approached with caution and the initial clients selected on
the basis of the real benefits which will accrue to them by having a good, small
foundry on their 'doorsteps’'. The requirement for the foundry to move gently up
the learning curve must also be most clearly appreciated. It is of the greatest
importance to analyze the market and to present the findings, discriminated

into groups, each reflecting the technological and capital input requirements.

Such a discrimination will allow the investors to prepare such feasibility
studies as may be required, covering an investment programme which will be rela-

ted to the progress of the personnel along learning curves, and thus to a
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realistic projection of the progressive penetration of the ‘more technologically

demanding’ market.

The requirements for studying a business must be remembered, as being in order
of importance: (a) to make a profit; (b) to be able to operate, - obtain/train
personnel; (c) to obtain finances. If (a) & (b) cam be clearly shown, (c) will

generally be obtained.

It is obvious that, successful purchase of foundry products from developing
countries very much depends on the level of confidence the vendors enmjfoy in
terms of quality, productivity, price and delivery schedule. Though adequate
quality control at all stages is essential, too much of it may be as bad as
too little. The degree of quality assurance has to be related to the type of
products, their functions and the buyers real needs rather than waats. Many
small -mz2inly jobbing- foundries need to be upgraded to produce good quality

castings through technology improvement, good maintenance programmes and simple

but effective management system.

Appropriate incentives may have to be built in for technology development, up-

grading, application and adaptation of new technologies. One main constraint on
technology adaptability is tha: constituted by the nature and size of the market
in the developing countries and, to a certaim extent, the availability of funds

for investment. The product mix of an average foundry in a developing country is
much wider than that found in industrialized countries and calls, therefore, for
more generalized and flexible equipment. For the developing countries the essen-

tial need is to adapt techrology to suit their demands and capabilities.

Part of the INTIB work programme of 1987 was the preparation and presentation
of this technology profile with the purpose to make available to developing
countries the necessary technological, economic and other information about
the small scale foundry route envisaging the formulation for proper approach
to the mini-foundry concept. This approach has been extensively elaborated

in the chapter 3 of this profile. The rest chapters «rd the Appendices serve
as explanatory and complementary ones covering the wh... range of operational
and economic characteristics of importance to the foundry industry, its
establishment and/or development. It is to be hoped that this contribution will
facilitate planning the development of the foundry industry integrated with
other sectors of the economy and the selection of suitable technological

options that will permit this type ¢f development.

Note: The author is indebted to Mr. A. Buckle (Metallurgical Industries Branch,
Department of Industrial operations, UNIDO) fcr permission to incorporate

useful and {llugtartive thoughts into the introductioa, as well as into the
chapters 3.4 and 7.
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The new directions of the foundry iudustry and jts link with the
economy

The art of metal csting has been, and mostly continues to be, an
essential part of the industrialisation process. The products of
the early fnundries made a major contribution to the develnpment

of civilised society, ranging from the heating stoves to the vast
quantities of pipe used to provide services to the growing manu-
facturing townships. The post-war growth of the automobile and air-
craft industries provided new stimuli for cast prodacts and casting
technology and promoted the process of rationalisation and speci-
alisation and particularly in the case of the tied foundry in a

ve cally integrated company. Clearly, the demand for ratiomali-
sation is part of the reguirement to cut costs. This requirement
undergoes an additional pressure due to the growing economic com-

petitiviness of other -new- materials and/or -new- processes.

The above outlined nature of change can be restricted to four basic
elements regarding its impact (of the change) on the foundry
industry.

First element: In the industrialised type civilisation growth as

one has previously understood it, has peaked. With the resulting

stability, demand drops.

Second element: Whilst the "market cake” is getting smaller, industry

of every country is suffering increasingly from import competition.

Third element: A similar sort of development that has taken place

in Japan (see Tatle 2.1) can already be seen starting to occur
in the developing countries in the westrn pacific basin and other
ma jor geographical areas. It has started with footwear and clothing
and is now moving through the full manufacturing range. The so called
"off shore” developments basedon the latest in technology and equip-
ment and exploiting cheap labour can be seen. Countries such as
Korea (Republic of), the Philippines, Indonesia, Malaysia and
Brazil are obvious examples.
Fourth element: This is defined by the industrialised countries and
emerges from the shrinkage of their own internal markets. Because
of the competition for a slice of the smaller "market cake” both
from local industry and imports there could be a tendency for more

and more industrialised countries to seek export opportunities.

If it is accepted that the four assumptions outlined above are
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valid some questions are raised about the future of casting
technology in the industrialised countries. ‘The concepts of
"technological migration" are too well known to need expounding,
but the basic point rests on perhaps two broad hypotheses:

(i) as industrialisation process proceeds in the industialised
countries of the world, wealth creation will dcpend less on
castings than hitherto;

(ii) where cstings are required they will tend to be made in the
developing countries of the world.
To what extent the facts support these hypotheses the veader may

be referred to the following Figures 2.1 to 2.9.

The analysis of different aspects of the international foundry
industry, obtained by means of the Figures 2.1 to 2.9, pro-
bably raises more questions than it answers, but in many respects
it seems to lend weight to the widespread feeling that the two
hypotheses formulated earlier provide a qualitatively reasonable

indication of past sitvation and present trends.

At this time, the future of castings seems to lie in the balance,
with great technological, innovative and economic possibilities
counterbalanced by questions of productivity, labour ang the envi-
ronment. The foundry industry is , by its very nature, dirty and
noisy and it consumes buildings, plants and equipment - and people
at a frightening rate. The industry therefore pays due attention
to new and emerging legislation, such as the acts on consumer pro-
tection (product liability), air pollution control, health and
safety at work and control of substances hazardous to health.
These iegislative demands can be met with increase in revenue and

profit supported by the better product quality.

As the data bank increases and as control engineering techniques
involving the 'Total Quality Concept' improve, this should facili-
tate the advancement of design technology with respect to castings
of ever more complex shape and tighter specification. A model that
demonstrates the possible economies arising out of a 'properly

planned quality strategy' i{s shown in Figure 2.10.

Note referring to Figure 2.1: Gross Domestic Fixed Capital Formation
is defined as expenditure on fixed assets either for replacement or
addition to existing fixed assets; expenditure on maintenance and re-
pair is excluded. Nett transact.ons in land and existing buildings are
included in the gross domestic fixed capital formation by sector.
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Foundries and developing countries

Brief outline of the situatiorn

As stated in the previous chapter the steady growth of an economy
requires further development of the ‘ouncry and casting industry

as being the principal main -and/or service- supplier of importiant
areas, such as construction, mining, transportation, agro-based

ard machinery industries, etc. The basic needs of the foundry in-
dusiry can broadly be grouped under materials, manufacturing
techniques, management and markets. On the other hand, the problems
of the foundry industry can be grouped as external and internal
ones. Without adequate external supnort services and a good techno-
economic infrastructure, it will be difficult to matcl high rates

of expansion of facilities with adequate markets. In many developing
countries . supporting infrastructure is needed not only for techno-
logy assimilation and diffusion, but also for training shop floor

operatives, managers and owners to adapt to changing conditinms.

The castings production in many developing countries is still at

a low level, compared with the per capita output in industrialised
countries. Table 3.1 presents the per capita production of all
types of castings in selected developing countries. In industria-
lised countries the per capita output can be 40 times higher and
even more than that in most developing countries. The pattern of
metal castings consumption varies from country to country. Its
structure and sectoral breakdown, respectively in individual
countries, depends not only on the economicsituation but also on
related structures of local industries. In least deve oped countries
the bulk of castings is consumed by housenold goods ard spare parts
production. The product mix ranges from cast iron pots and pans

to spare parts for agricultural machineries, man-hole covers, etc.
The future of foundry and casting industry in least developed
countries is mainly connected with the development of ctuch sectors
as construction, transportation, agro-based industries ani minig.
On the other hand, without reliable and viable foundry business
serious constraints could be placed on further industria’ growth.

In the absence of an appropriate foundry sector some manufa:turers
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Table 3.1 Production and ner cavita production of castings in selected

countries of the FSCAP region

Country Year
India 1978
Indonesia 1980
Janan 1979
Ren. of Koreal978
Pakistan 1980

Philirvines 1976
Sinsarore 1979
Sri Lanka 1980
Henal 1980

Ferrous Non-ferrous Total
castings castings
in 1000 tonnes
856 55 911
29.7 3.2 32.9
€260 708.7 €9€8.7
660 12.k 672.4
90 5.2 95.2
93.2 6.0 99.2
30 3.1 33.1
10 2.5 12.5
b - b

For Table 3.2, see next page!

Per cavita
production

in kg

1.3

.2

60.0

17.7

0.2

2.2

1.k

-9
.0....

Table 3.3 Some of the more cammonly required types of castings which might

be rroduced by small scale foundries

Cast Iron Castings

Stoves

Pulleys
Manhole covers
Pipe fittings
Pumps

Fire bars
Brake drums
Vehicle Spares
Bearing blocks
Valves
Machinery spares

Alwminium Castings

Levers und handles
Fan and motor housings
Cooking pots and kitchen tools
Portable pump bodies
Pulleys
Irripation vipe fittings
Light fittings
Door furniture
Machinery spare narts for
all types of equimment

Brass and Bronze Castings

Valves and taps for
corresive liquids

Bearings and bushes

Boat parts and propellers

Purps: bodies and impellers

Ornamental and decorative
castings

Door furniture

Machinery spare parts for
all types of egquimment
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and fabricators have to design their products with a minimum use of
casting. The result is a considerable increase of cost. For example
in Nepal, simple wheels were reported to be fabricated out of steel
sheets exceeding by more than five times the cost of castings.

In developing countries with higher level of development the major
industrial users of metal castings are transportation and transport

equipment, construction, mining and metal manufacturing.

The role of the ferrous foundries within the overall development

pattern

Among types of cast metals the numeric relacive importance, globaly
seen, is that of ferrous castings with 90% versus 10% for non-ferrous
castings. Among the ferrous castings the dominant role belongs to
grey iron castings due to its easy adaptability with around 60%

of total metal castings production followed by 15% for ductile

iron, 5% for malleable iron and 107 for steel.

The above gencral mentioned, important and complex role of ferrous
foundries if projected onto the plane of the developing countries
it still maintains its significance. However, it would be easier to
present this complex role by considering groups of countries at
the various levels of development as roughly indicated below:
Group 1: Areasonably well-developed range of products, capable
of satisfying to a large extent of domestic demand and often with
capability for exports: Argentina, Brazil, China, India, Mexico,
Turkey, etc.

imported equipments, restricted capability and few exports: Chile,
Colombia, Egypt, Indonesia, Pakistan, Tunisia, etc.

Group I11: Generally characterized by import industry, often with
specialization of few types of products: Bangladesh, Bolivia,
Ghana, Uruguay, etc.

Group IV: Very little end item manufacturing capability per se,
mainly repair shops and spare parts, Central America, Caribbean,

Sub-Saharan Africa, Paraguay etc.
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The groupings are a way of indicating that the problems of the
engineering industries in general and foundry in particular differ

substantially among the countries.

The foregoing outline of foundry developments appropriate to the
various stages of industrialisation, illustrates the role of
foundries which are essential to developmeat of engineering indus-
tries, once again. The linkages between castings and other compo--
nents and the industrial infrastructure and the user industries are
shown schematically in Figure 3.1. for example to facilitate the
development of the agricultural machinery and implement industries
in addition to ferrous foundry development ot engineering work-
shops with toolroom and manufacturing facilities, electrical, hydra-
ulic and pneumatic compcuent manufacturing plants and metal
finishing plants would be needed. With the development of these
supporting industries, the infrastructure would become better and
would provide further opportunities to develop capital goods and

consumable durable industries.

Factors affecting development and concealing problems

The difficulties and constraints encountered by the foundry industry
are numerous, and though some of the problems are specific to a
given country, many difficulties tend to be common to most of the
developing countries. Establishments in the small and medium scale
sector can suffer from these more severly than larger units if
they cannot secure technically qualified persornel and cannot af-
ford to get the necessary technical assistance. The general major
problems could be attributed to technical related problems, econo-
mic/management related problems and manpower/training related
problems. Difficulties in connection with the availabilits and oro-
per quality of raw materials are to be considered in the group of
technical problems. Table 3.2 presents important problems faced by
the Foundry Industry in several Asean countries. Another constraint
ofcen faced by foundries in developing countrie: is their remoteness
from any organization with accumulated data and technical expertise

on foundry matters.
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3.4 The problem cf the capacity utilization

In spite of reported growing demand for the cast products in deve-
loping countries capacity utilization in the foundry industry is a
matter of serious concern both from the point of view of its viabi-
lity and ~lose inter-relationwith all sectors of the enginerring
industry. In Singapore, for example, the ratio of foundry capaci-
ties as against available market was 6:1 and 2:1 for steel and

cast iron accordingly at the early 1980's. Under-utilization of

almost 50% of the jobbing foundries was reported in India.

Both reviewing of the basic difficulties in attaining full or
nearly full capacity utilization and then formulation of course of
action, on a short and on a long term basis, are important inter-
mediate steps. Some basic reasons for under-utilization of capa-~

cities in the foundry industry are:
(i) existiug, ivcally ubsatisficd warket is of a tecnnological level
above that of tSe local foundéries,
(ii) insufficient and irregular demands from major engineering industries,
(iii) capacity vriginaily Gesiguneud for a particular pruduct-wmix naving
lost its relevarce in a racically altere¢ situation over a period
of time,

(iv) lack of innovation and technological inputs,

{v) wurgauizaetional problews cuitected witin Finauce, wavagewment
and/or industrial r~lations,

To cope with problems of under-utilization a careful assessment

of domestic and external market for metal castings should be under-
taken by governmental agencies and the industri*ltself. 1t is of
special importance to try to estimate demand patteins of castings
by linking it to growth estimates and plan projections of various
key industries. This accurate and detailed information is basis for
planning foundry industry development, extension and/or moderniza-
tion of existing o. erection of new foundries and, as a result, for

matching the capacity of foundries to the actual demand.

Continuous industrial develoctment of the developing countries will
stimulate an increasing demand for cast products of high quality.
Such attainment can be easier realized by large or medium scale
foundries. Small scale are thought to produce more commonly required
types of castings (see Table 3.3).

*) It is often foun. that even 1f there are local foundries which are

capable of supplying a part of this market, they are unaware
of {ts existence.
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Small scale and/or small jobbing foundries often have to operate

in the market influenced by external factors such as economic situ-
ation, competitor's activities, changes in governmental policy and
consumer behaviour and are beyond their control. Under these circum-
stances the technologies employed must prove flexibility in order

to pace rapidly with clients changing requirements, and this with-
out causing additional investments. Moreover, the technology ought
to be simple in view of handling, and at the same time ensure ope-
rational reliability. Nevertheless, even for the foundry witk a high
degree of flexibility the period of the introduction of new pro-
duction consumes considerable effort 2:d cost. Basically, if changes
in the product-mix occur too freogquentiy, because of shifting

demand patterns, the rate of production is bound to be affected.

It is obvious that a repeated jobbing order is more profitable

and allows to use accumulated skill for maintaining quality and
improving productivity. Table 3.4 summarizes the main competi-

tive factors showing those areas where developing countries may

have competitive advantage.

Productior capability, technology level and "mini' concept together
with the significant planning and lay-out criteria

The general level of production capability can be evaluated from
~ type of metal
~ casting product
~ dimension accuracy and product uniformity

- weight of product.

The choice of the production means and scales refers to machine
features as well as to the aspects of the foundry production .
programme. The choices can result from peneral market investi-
gations in the countries under development and can produce a
guidance programme for foundry activities, which could also be
modified from current design practice to better suit the labor
capital and material resources of the area. This requires an under-
standing regarding the applicability and reliability of the

alternate techniques available which accomplish the same tasks with

a different mix of economic resourczs. A systematic presentation




Structural Factors of Competition

Competitive Factors

Rav material Costs
Energy costs

Labor costs

Cost of capital
Productivity
Marketing

Pricing

Production technology
Product performsnce
Custosiers service
Government aid

Table 3.4

Positjon of Developing Countries
Relative to Industrislized Countries

Disadvantage

Advantage for some countries
Advantage for all countries
Advantage for some countries
Disadvantage

Disadvantage

Advantage

Disadvantage

Disadvantage

Disadvantage

Advantage for some countries
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of technological alternatives in conjunction with the respective

basic activities employed in foundry operation can serve as an

approach for rhe definition of technology levels with respect to

the scale; Table 3.5 illustrates the technology levels for

foundries. Level I (Table 3.5) corresgonds to small scale foundry

industry with respect to the simplicity of the parameters involved.

By means of the classification done in Tables 3.5 and 3.5 the

origination of rhe mini foundry concept can be placed within the

frame corresponding to level I. A cross reference in the whole range

of the levels 1 to IV signifies the operational importance of melting.

Moulding rates depend cn the rates at which liquid metal can be

produced. Hence, the two operations must be efficiently synchro-

nized, an impertant consideration in selecting the type and size

of melting equipment. The establishment of a foundry with techno-

logy features of level 1 would take place within the frame of

s.mple operational conditions area:

a) melting unit: In the case of melting iron a cold blast cupola
furnace type is to be employed, unless local stringent pollution
requirements or available energy sources demand other technoque.
Cupola is the traditional furnace design, simple, straightforward
and easy to operate and control (basically it is a verical
cylinder lined with refractories). A cupola is relatively in-
expensive to construct. However the performance of a cupola
depends upon its design and expert advice should be sought if a
"home-made" cupola is being planned. For small scale production
of non-ferrous metal castings the use of crucible furnaces is
the most common melting method;

b) moulding: sand moulding by hand (mold is to be made directly
on the floor);

c) castings: simpie castings with no special and/or high pattern-
making requirements {elementar pattern-meking with simple design).

d) other design requirements: s foundry (either min1 or small or medium or

large scale ) must have sufficient room for the process to be used.
In case of floor moulding space requirements might be about JO

to 15 m2 of mould pouring area per tonne production per week.

Space is also needed for melting, moulding and other foundry
related operations corresponding to the level of technology

of the respective foundry (Tables 3.5 & 3.6). In addition there
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should be room available for storage of raw materials and sand. As
indicated above a new foundry may start small and simple but future
needs for expansion on the same site should alsoc be considered.

It is not feasible to transport molten metal for long distances.
Some foundry processes can produce smoke, smeils, or fumes.

It is therefore sensible to keep foundries away from and if pos-
sible down-wind of housing, schools, hospitals, etc.

Woaden buildings should not be used because of the danger of fire.
Foundry roofs should always be water-proof. Surface drainage should
be good with no fear of flooding since the dangers of mixing water
and molten metal can lead to explosions. As much head room as
possible should be provided for ventilation with good natural or
artificial draught, especially in hot climates. A reliable power
supply is necessary for many processes, and water supply is
important. Good road access for transport of castings and raw

materials should be assured.

In foundry work handling and transport of metal, sand and moulding
boxes, tools etc. occupies more effort and time than the actual
production processes. In small foundries it is likely that much

of the transport will be by hand and wheelbarrow, with cranes or
hoists for heavy weights. The lay-out should be such as to minimise
distances *) for the transport of molten metal, since every few
minutes ofdelay can lose a few degrees of temperature and mean
higher fuel and melting costs. This applies whether metal is car-
ried by hand in small ladles or by crame in larger ladles. Pouring
areas should be near the melting furnaces. Raw material stocks
should also be kept near the furnace area. Patterns and inflam-

mable chemicals should be stored away from molten metal.

As an approximate guide a cupola should have an internal diameter

*)

Larger foundries may need the use of forklift trucks for internal
transport. In mechanical green sand foundries the sand transport
system from storage hopper to mixer to moulding machines, and from
shake-~out through storage and back again, represents a major part
of the investment. Conveyor belts occupy a large part of the
foundry space. Additional design criteria with respect to pattern

shop are given in chapter 6.1,
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and be equipped with an air blower as specified below:

Melting rate Approximate Approximate
[t/h] internal volume of air
diameter [njlnin] at
[cm] .1 [kglcmz] pressure
1 45 23
2 60 40
4 75 60
6 920 90

Source: Reference Nr. 71

Hard charcoal has also been used as a cupola fuel, alone or with
coke, although the results are nor very satisfactory even on small
cupolas. It is uneconomica2l to fire up a cupola for short runms.
Also moulds in a small foundry may have to be accumulated for
several days. Unlike cupolas which produce molten metal mainly

continuously, rotary furnaces are gas or oil batch furnaces.

The above outlined classification and accordingly conception is to
be considered as a first step in establising a foundry with low
demands as far as the complexity of products, shape and grades
concerns. It involves the concept of mini-foundry in a linearized

relation with low facility and size demands.

Many foundries in developing countries are considered as small (or
medium) scale in accordance with the number of persons employed,
(Table 3.7). They require specfal attention as they lack capital,
know-how, technical, marketing and management ability. They have to
compete with the large scale industries, with the laters being capable
to manufacture the same product in an automated way at a cheaper cost.
Moreover, due to the absence of adequate quality control and quality
inspection at small (and medium) scale foundries their castings are
usually of poorer quality. In that case they need to upgrade their
castings quality through technology improvement, quality control

and maintenance. These measurs result in a removal towards higher
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technology level(s), see Tables 3.5 & 3.6), associated with higher
investment costs. (An alternative way to avoid high investment costs

could be the employment of second hand equipment).

The way towards higher technology levels can foliow various paths

as i'lustrated in Table 3.8.

3.6 A concept for planning foundries in developing countries

Countries in the process of indust -ial development usually are
forced to purchase the necessary know-how along with the plant

and equipment. Clear oulining of the duties of the consulting
engineer is an essential basis for both parts cf the scheme. The
functions may also extend to establishing an optimum and econo-
mical range of production on the basis of a market study and/or
analysis, or sometimes of the desired manufacturing capacity.

Among these furnctions is the need to strike balance between

genuine demand incorporating future perspectives on the one

hand and what is actually realizable with the given financial,
technical and manpower facilities on the other. Determining the
future range of manufacture then leads to calculation of the basic
data for planning. In foundry operations especially, with their
large requirement of raw materials, calculation of these require-
ments is extremely important for clarifying procurement opportu-
nities, inventory schemes, stock planning and preliminary decisions
on the technologies to be employed. Actual planning gets under-

way with preliminary designs once these calculations and clarifi-
cations have been made. At this stage the purpose is to illustrate
alternatives for different approaches with regard to basic technology,
technical operation and size of the shop. Final decision on siting
can then be reached after agreement is achieved in these matters.
The purpose of the consultant i{s to furnish the principals with
individual and objective advice in exploring the project alternatives
up for consideration, which in turn means that he must be in pos-
session of the corresponing planning and engineering experience.
Conclusions arrived at from discussion of the preliminary design
enable work to proceed on the master plan and on specification of

all necessary machinery, plant and buildings.
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Table 3.8
v I, IV 11, IV 111, IV v, IV Examples of possible techn>-
logy paths:
a) I,1-1%,13-111,I11-1V,IV
(illustrated in Tables
3.5 & 3.6)
b) 1,1-1,11-11,I1I-I1I,1IV-
111 I, 111 11, 111 111, II1 Iv, 111 1v,1v
etc
Note: The tehnology paths
(combinations) are to be
considered as theoretical
possibilities of sequential
11 I, 11 I1, 11 111, 11 v, 11 development. One should never
ignore the factor of optimi-
zation (when deriving such
a path). Example a) illustra-
tes a realistic variant and
and can serve as a guide-
I I, 1 I1, 1 I1I, 1 IV, 1 approach.
1 II I11 v
ALTERNATIVE TECHNOLOGY LEVEL
(from lower to higher level)
—
ypical Training Times for Foundry Persomel
Approxdimste
Teaining
Josition s Reewrks
Fomdry Sechnicians 624 sontte Bequires grice tGechwical education
Pattemn Miking Otchine Molding)  12-36 wonths
Pattezn Design 612 wnths Requires prior inoviede of tecdwical draving
Pattern Miking (Sisple Shod) 3 6 wmis Prioe iade of wodwork & tools
tolding (hnd, Sizple Putterrs) 2 6 mmths
Molding (ed, Conplex Patterrs) 6-2¢ momths
Tolding Oachine) I~ 6 weks
Swll Molding 5 deys
Coremsking (Rend) F Jeonths Specialised foundry courses & an-the—job
Axvace Operation: trainirg
Crucible I~ 2 monthe
.Gmpola > 9 wnele
Electric Arc 2-12 sorehs
atal Foring 3= 6 waks
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No later than then is when it should be decided how the equipment
and other facilities are to be purchased. Possibilities open in
this direction are separate ordering from the respective manufac-
turers, overall supply through trading companies or a general con-
tractor, or inviting tenders for a turn-key project. In either

case the engineer in charge of planning has the important task of
precisely formulating the layout and specifications so that such
items as the methods of melting metals, compacting sand in moulds,
production of cores, dressing castings, inspecting and control-
ling production, etc. are clearly laid down in advance. Furthermore
the specifications must state all the necessary technical data

for the separate equipment-capacities, volumes, dimensions, tempera-
tures, and so on -in order for bidders to be able to respond in a
qualified manner while still leaving them sufficient scope to

work out proposals from the range of equipment they have available.

It must be clear to the principals that the purchase of machinery
and plant for a definite technology does not simultaneously buy
the know-how to apply that technology. For example, ordering
machirnes to produce hot-box cores still leaves the purchaser in need
of knowing the right sand mixture for using them. Foundry
engineering textbooks will not prepare the owner sufficiently
for working with technologies of this kind either. Even inde-
pendent planning by expert engineers does not automatically solve
the problem of transmitting technology and know-how. As soon as
as the project reaches the purchasing stage, it is high time for
counselling to be started by qualified specialists. Know-how
contracts will be essential for intricate operations or when patented
processes are to be employed. It may also be necessary to arrange
for broad staff training at all levels of management and production.
This will depend on the prior qualifications of the personnel
available to fill the corresponding posts. Individual training
will be required in any case and should for the greater part take
place in the country where the new plant is being installed. Sup-~
plementary training of a smaller key group in plants located 1in

the country supplying the equipment or in other countries having
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the necessary foundry know-how is always advisable.

Further steps in planning can cover evaluation of tenders, com—
parisons and recommendations, followed by the placement of orders
by the project owner. Subsequent phases of examining layout drawings
and foundation plans, coordiration of work on buildings and plant
and finnaly erection and installation of the equipment are under-
taken according to an accurately planned timetable and super-
vised by the consulting engineer. All this takes place within the
overall scheme of planning and executing the infrastructure of

the new plant, which involves supply of energy, provision of
transportation connections, buildings to house offices and staff
amenities, stores for finished products, etc., factory inspections,
and a detailed plan of action for commissioning individual items

of equipment and the plant as a whole, again under supervision

by the project consultant. Then comes the final handing-over of

the new foundry and inspection of production.
Detailed activities description, production alternatives and

equipment are given systematically in the chapters 4. and ownwards

as well as in the annexes.

Manpower and Production, Technical Assistance, Training

The problem in this area centers around shortages of skilled man-
power, high costs due to low productivity and inadequate manage-

ment competence. Despite abundance of labor, many foundries in
countries such as Singapore, taiwan, India, and Pakistan would

find it difficult to improve their labor force, due to a com-
bination of lack of proper work environment, management effectiviness
and low compensation. Some countries like Hong kong, Thailand,
Philippines and Mexico have shortage of skilled labor and need
technicians and engineers. Here again the causes are the poor

working conditions and inadequacy of training schemes.

The lower cost of labor in developing countries is frequently
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quoted as a major advantage when compared with developed countries,
but can be significantly eroded if the productivity levels fall

too low below the other countries. When discussing productivity it

is desireable to distinguish between an individual's productivity

and the plant productivity. In many foundries in developing countries
individual productivity and physical effort seem to match or even -
exceed those customarily expected in foundries in the industrialized
countries. However, the main cause of low level overall productivity -
is to a large extent due to the poor plant performance. Irrespective
of the differing detailed problems, the main issues in plant pro-
ductivity seems to be poor management and lack of skills in the

areas of maintenance leading to high downtime, inventory control
affecting timely availability of materials, production planning

and control (which needs to be particularly good in view of the
relatively small batches and a wide range of products dictated

by local demand). Further,poor quality of materials, lack of in
process quality control, and often inadequate quality consciousness
leading to considerable rejection and rework increase costs. In

this context, it would be desirable to note that the productivi-

ty improvements achieved cver the last 30 years by Japanese

foundries (output increase from 3O tons/man-year to 70 tons per
man-year) were largely due to the introduction of modern plants

and production systems (mainly molding) and to increased quality
awareness developed through better employee communication and
involvement. It is appropriate to state that this is a major area
where thorough technical assistance and systematic training the

competitiveness of the developing countries could be enhanced.

Most foundry companies need a great deal of technical assistance.

The technical assistance ranges from provision of technical infor-
mation on machines, processes, comparisons of performance of dif-
ferent producers, practical information on standards and measurements
such as are commonly found in trade and similar publication, adaptive
research and development and testing to determine the aspects of
design and operation that could be incorporated in various enter-
prises, testing the performance of specific materials in parti-

cular with respect tc performance characteristics and other topical
technical areas. This i{s a type of assistance that would be related

uniquely to the problem of foundries.
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toremost in the industrialization process is the development of
humar. resources in a country closely followed by the Scientific
and Technological Development. Both require a long lead time

amid structural and institutional constraints. Therefore,countries
embarking upon industrialization would have to plan early to
provide suitable training to engineers, technicians and skilled
workers in foundry processes and technologies. Typical training
times for technologists and engineers are 3 to 5 years given

the availability of suitable learning and training establishments.
Typical training times for foundry technicians and skilled
personnel are given in Table 3.9 . The period of training would
vary depending upon the type of foundry and the caliber »of

trainee and trainer.

One can say that, one of the reasons for avoiding a highly sophi-
sticated greenfield plant for developing countries is the lack of
well-trained foundry technicians which could be an over-simplifi-
cation for the choice of technology and whick would normally be
on the basis of the market demand/product mix consideration.

The ease with which a sophisticated plant car be maintained
deserves study and can be achieved by proper selection and

training of people. The real problem in the maintenance of the

plant may be due to the difficulty in getting required spares and
timely service. The varied nature of the product line tends to
favor semi-mechanized rather than an automated approach to foundry
design. Less sophisticated equipment would cater to simplified and
efficient maintenance procedures and unit breakdowns are less

critical than in a fully automated plant.

Safetx

Every foundry whether large or small should take safety precautions
into consideration. The most obvious source of danger is from molten
metal. The following precautions are necessary:
(i) Ladles and furnaces must be properly constructed and maintained
and the lining should be inspected and renewed whenever

necessary.
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(ii) All furnaces, ladles, moulds and floors must be dry. Molten
metal, especially castiron, can explode if it comes into
contact with water.

(iii) Moulds should be properly clamped and weighted together.

(iv) Molten metal and furnaces should always be attended by
experienced and qualified people with proper supervisioa
and equipment.

(v) People working anywhere near molten metal should wear pro-
tective clothing e.g. goggles, gloves, sciid boots, and
other clothing as appropriate (aprons, jackets, hats, etc.)
depending upon the actual job teing done.

Many foundry accidents result from other causes, especially cuts

and injuries from poor handling of equipment or castings.

Lifting equipment should be properly designed, be strong enough
for the work and not damaged by wear or heat. Operators should

be trained to use it safely.

Heavy duty leathergloves should be worn if castings or scrap with
sharp ccrners are to be handled. Sand should be sieved to remove
sharp pieces of metal, and anyone who is grinding or chipping

cestings should wear goggles.

Longer term health problems can be caused by breathing foundry dust
especially dust from sand moulds. Operators who are knocking out,
grinding, handling or cleaning sandy castings should wear a mask

type respirator to keep the dust from the mouth and nose.

Every foundry should have a supply of elementary first aid materials

and one or more employees should have bhasic first aid training.

The most important safety precaution is to ensure that employees
receive proper training in the processes and use of equipment
before starting to work with anything unfamiliar. External assistance

is as important ‘rom this aspect as from the technical point of view.
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Foundry Processes and Castability of retals

Foundry operation consists mainly of the following elements:

- Patterrmaking

-~ Mouldmaking

- Coremaking

- Melting

- Sand preparation and conditioning
- Pouring

- Cooling

— Surface cleaning and finishing

- Heat treatment if necessary

-~ Inspection and quality control

Above mentioned steps and/or operations are independant of
each other, but they must be closely co-ordinated. Each
operational step in the process must be performed within
prescribed limits and according to well defined procedures.
Failure to adhere to the specific process or the use of ma-
terials not meeting standards can result in a product of
inferior quality. Figure 4.1 shows the main operational steps

of the foundry process.

A typical example of the way in which the flow of material takes

place in a foundry is presented in Figure 4.2a and Figure 4.2b.

All metals and alloys can be liquified by the application of
heat and are thus able to flow and fill a mould cavity. However,
there are certain properties of metals and alloys that affect
castability and the ease by which satisfactory castings can be
produced.
- Fluidity: Is the ability of molten metai to completely fill
a mould cavity and reproduce its details. Fluidity
is influenced by certain physical and chemical
properties of the molten metal and the composition
and characteristics of the mould.

- Volume contraction: Meatls and alloys undergo three distinct
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volume changes. These are: liquid contraction, soli-
dification contraction and solid contraction. Table 4.1a
gives some idea of the liquid contraction.

~ Low strength during solidification: Many alloys possess practi-

cally no strength or ductility during their last stages

of solidification. -

Table 4.1b provides a general guide to the four important characte- -
ristics, as fluidity, solidification shrinkage, slag/druss formation,

pouring temperature, which sigiificantly affect the castability.
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Aoy grovp Type Amourt Praigny Sep/drese NMPeroNNe
Porrous:
Oray von medum vory Mg oupeliory e werm
Ouctlie ren med-narrow [ oncefiorn Nie-rmoderste werm
Carvon & \ow alley stenl narrow lorge poor modersie hot
HIgh ofity peet met-narrow moderste + o moderste [
Noréerows: medum Y oncolient ' '
Dre ' ! ' e oold
e moderse-large (2] | '
mod-namow e [ medaree I
Arinum slloye | t | ] [
wide modersie-ierge o ™) '
n.'vw 'i- I ? .l,
medum moderme [ moderate 1
" Mot & yolow t moserse very good e |
Wsset § werces e e o acue | T
madum moderse 9ood moserate )
Aluminum brenzes 1 | | [ warm
wide large (™ large '
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Melting and melting equipament

The choice of melting process and of the equipment depends on the
availability and characteristics of l!ocal raw materials, refractories,
fuels and electric power, and any environmental requirements.

The rate of demand for molten metal, the storage area for unpoured
moulds and the variety of metal compositions to be produced must

also be considered when selecting equipment.

For melting non—ferrous metals and cast iron, both fuel-fired

and electric furnaces can be used (see Table 5.1a & 5.1b).

But the overriding issues in metal melting are materials and energy
costs. They will dictate whether electric or cupola melting

should be installed, independent of any consideration of labour
cost cr utilization. Cupolas are somewhat more labour intensive

and require lower operator and maintenance skills. While some
foundries in developing countries have used novel sources of energy
(an Aluminium Foundry in Paraguay uses alcohol supplied from an
organic fermentation plant), the high temperatures required for
iron and for steel melting restrict the opportunities for this

type of innovation (see Table 5.2a).

Melting of cact irons

The influence in casting quality of the alternative furnace designs
is minimal and the cupola, inuction and electric arc furnaces can
be considered production alternatives. Nevertheless the coke-fired
cupola furnace remains the principal melting employed by iron
foundries despite the increasing adoption of electric melting.
Conventional cupola: The conventional cold blast acid lined cupola
is supplied with air from a fan or roots blower. Ccke provides the
energy for melting and is also an important source of carbon to the
melt. Figure 5.1a {llustrates a conventional cold-air cupcla.

Table 5.2b illustrates cupola operation data. Considerations of
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Table 5.1a
SUMMARY OF CHARACTERISTICS OF MAIN TYPES OF MELTING PROCESS

For Cast For Fornon- Furmace Lining Skill Fr r very For high
Iron Steel ferrous  Costs Costs neceded low output  output
Cupola Yes No No Mod. Mod. High No Yes
Rotary Yes No Yes Mod. Mod. Mou. Yes Yes
Crucible,
natural No No Yes Low ¢ Mod. Yes No
draught
Crucible,
forced Yes Not Yes Low . Low Yes No
draught
Electric . . "
Induction Yes Yes Yes High High High Yest Yes
E"‘Am tric Yes Yes No High  Mod. High No Yes
Electric
Resi Yes No Yes Mod. Mod. Low Yes Not
® No lining costs as such, but replacement crucibles required.
1 Possible, but not generally used
Table 5.1b
FOUNDRY MELTING FURNACES
1 1
' Basic 1 : ! !
Bty er Figue 8351 Farnace [ Memsofheming | Main pekds of eppicotion
LFscifred | Shat [ Cepola { Coke. Charge im direct Cast iron. steel (dwplex with converter)
. ! i contact with fecl.
: i !  Continuous melting
| Hearth Reverbatory (air) |  Gas; oil; solid fecl Nou-ferrous alloys ; cast ivom,
: | ) malleable
'I ' Open hearth ) i Gas- oil Steel (heavy)
i :  Rotary (rotaling or rocking) | G . oil; pulverised solid fuel Non-ferrous alloys ; cast iron. esp.
{ Cruci i Cruci ' mallcable and special. Duplex holding
Lift owt or pit type Gas; 0il; solid foel
| Timg | Gas: oil: sold foe YMost altoys, except sie!
_ ] Bale out 1 Gas; oil ! Light castings. especially die castings
I1. Electric Harb | ¢ | Direasr | Arcio chasge | Steel: cast irom )
l I? « _ Indirect arc (rocking) ; Radiast arc | Nom-ferrous alioys ; high alloy steel and
i s . ) specisl irons
: ! 5% | Resistor(saticor rocking) | Radiant resistor rod : Steel; cast irom; al
b Crucible | ‘gg_J Resistance © Elements (shroud or § Nonlunuunuszzz;:zg;hddhg
p—- L | immersion) i for die casting
i i Coreless induction ! High frequency induction :rztapnﬂkqaadunauunuu'n
i base
, $ Low requency induction Cast ivoms
Mcllz l g Cored imduction Low frequency induction Nom-ferrous alloys ; bolding for dic and
. light castings
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Table 5.2a
PROPERTIES AND HEAT REQUIREMENTS FOR METAL MELTING®

i I : .
Metal = Meciting ;| Mean specific , Latent hest | Tocal hent requirements for

: poist l heat 0°,C dﬁ:i- : melting. L + s{z_-20)
: [ ¢ s ; - - v
; y { 'For\kg: Forl | Forl®' Forlia®
‘ i i bitre | :
I algdgC ! alg f keal iuugmufmu
Irou LSy ol 650 iy ool o2
Nidd | 148 Il i 721 | 29 12305 466 149
Coppx | 1083 0105 | 49 | 161 |19 20 . 9
Alwininm!| 660 087 i N1 (W | ! w4
Magnesium| 650 . 0209 : 856 268 ! 456 482 B
Ziac H 420 ol 263 [ & | M 2 N
Lead : m M 57 i 16 | 1’1 2 : 12
T ! m 0058 |, M2 i1 [ 197, ® @ 1
e i i i :
Tkl = S1I0S8 &)
Table 5.2b CuroLa OPERATION DATA (METRIC)
Inside Arca Toual Melting Bed Heght
diameter at tuyere rste Coke Iron Limestone Blast Blast height Fan from
at melung ares per chasge  charge charge volume  pressure above force de luyeres
meling 200¢ hour tuyeres cheval w charge
z00¢€ toanes (m? (cm dJoor it
1cm) {cm) (cm) (g) (kg) kg) permin) WG) (cm) (metres)
4 1640 20 1.0 ] 100 36 175 30 100 20 25
61 2900 645 20 20 200 63 3N 30 100 5.0 3.0
76 4300 130 30 R 20 104 “ 35 105 70 30
9 6550 1290 45 4 450 15 @ 38 105 120 35
107 2900 1800 6.0 60 600 20 93 40 1o 170 35
22 11700 1930 80 n 820 277 123 3] no 230 40
137 14700 2450 100 101 1010 n 156 45 10 300 40
152 18300 2570 125 125 1250 a“ 191 48 110 400 45
168 22000 3150 150 158 1580 50 m st 10 500 5.0
183 24200 3225 180 130 1800 0 278 st 10 60.0 50
98 31000 3850 1.0 210 2100 68 326 ] 10 700 5.5
b1} ) 35000 4450 5.0 250 2500 n n 53 s 850 6.0
9 41000 5100 85 20 2800 % 439 6 us 1100 6.0

The above figures represent good average practice. They are by 8o means critical values and can vary considerably according to individual conditse
and circumstances. Theis main purpose here is 10 act as 2 guide in cases where such help is required.

Table 5.3a Table 5.3b
Dimensions of ihe continuonsly iapped cupolas The ellect o (he additionsl menthly service cherge on the cost of

oxygen winen reduced fonnages sre melted

Single blast Divided blast

Tonnage/  Service charge/ Onygen cost/ Total cost/
Internal diameter (cm) 122 122 month tonne iron melted tonne iron melted tonne
No. of Tu 6 2
Diameter oyr':nyuu {cm) 15.5 12.8 200 £2.70 :J:g ﬁf,g
Well depth (cm) 95.5 9.5 300 £1.80 ). .
400 £1.38 £3.90 £3.28
600 £0.90 £3.90 £4.80
1000 £0.53 £3.90 £4.45
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suitability, cosz, training needs etc. lead to the selection of a
cold-air cupola plant with an unheated furnace for the establishment
of a small scale foundry in a developing country. Very small cupolas
(cupolettes) are often made to tilt on trunnions to help in tapping
and slagging, Fig. 5.1b. Lzrger furnaces do not tilt. They require
experienced operators to conduct the melt so as to control the

air, metal and slag flow.

Some cupola developments: Made to improve the efficiency and opera-

tional characteristics of the cupola and permit a reduction in the
proportions of the more costly basic raw materials in charges such
as coke and pig iron. Hot blast cupolas operate with a preheated
air supply usually obtained from a fully-recuperative system. The
efficiency and output of the furnaces is higher than conventional
units of the same size, the energy (coke) requirements are lower,
high carbon pick-up is maintained, metal temperatures are higher
as are the steel scrap levels in the charge. The hot blast cupola
is a costly installation and can only be justified for larger
foundries where it can be operated for extended daily period. The
past ten years have seen the introduction of water cooled liningless
cupolas into a number of large foundries of high output, capable
of operating contiauously for an average of three weeks, providing
very large savings in labour and refractory costs and accepting scrap
of lower quality and cost than any other furnace. Recen:tly, tke
performance of conventional acid lined cupolas has been markedly
improved by injecting oxygen. The use of supplementary c~xygen
reduces coke consumption, and increases melting rates. Installation
of "divided blast"” where the blast is divided approximately evenly
between two rows of correctly spaced tuyeres provides savings in
coke consumption, higher temperatures and melting rates, compared
to cupolas using single rows of tuyeres. Investigation: having
been carried out in United Kirgdom to examine the practical and
economical aspects of operating single and divided cold blast cupolas
with and without supplementary oxygen enrichment to the blast main
have shown that the most economical method of producing a required
as-tapped metal temperature, and hence metal analysis was to ope-

rate with a divided blast cupola using no supplementary oxygen
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enrichment. Figure 2 and the Tables 5.3a, 5.3b, 5.3c and 5.3d

briefly illustrate above made conclusions.

A few foundries are using "cokeless' cupolas which involve oil

or gas firing to produce irons of low sulphur and medium to high
carbon content after carbon injection into the wall. It is claimed
that the irons produced are very consistant in composition and
properties and serve as an ideal base for the production of SG iron.
The influence of the elimination of the need to desulphurise, the
lack of pollution and possibility of changing the charge makeup

all have bearings on the overall economics of cokeless cupola melting
which does offer in many cases a potential saving but its application
may not be suitable for every situation. Three comparisons of actual
foundries have been included in order to give to the reader some

more idea of the economic picture, see Tables 5.4a, 5.4b and 5.4c.

Rotary furnace: These furnaces are a reverberatory type cf unit in

which the horizontal refractory-lined shell rotates after initial
melting is completed to bring the metal continually into contact with
the walls of the furnace. Many rotary furnaces have a limited size

of charging aperture so that large pieces of scrap cannot be used.
Rotary furnaces are equipped with heat exchangers to pre-heat the
combustion air with the escaping flue gas, thus saving fuel, Fig. 5.3.
These furnaces can b= made with capacities from 500 kg (sometime

even 250 kg) up to 25 tonnes or more. Some manufacturers of rotary
furnaces produce burners which can be used to adapt the furnaces

to run on powered coal instead of oil or gas. Gas or oil fired
crucible furnaces as used for non-ferrous metal melting can also be
used for melting cast iron in batches of up to .5 to .75 of a ton.
Fuel consumption would be approximately .3 to .6 litres of oil per

kg of iron. Table 5.5 illustrates characteristics of fuel-fired

melting furnaces.

Electric meleing: Electric furnaces may be used for melting cast

iron, scrap or pig iron, (also for the melting of non-ferrous metals
and steel scrap). These are expensive in themselves and also require
capital expenditure for electrical supply, transformers, capacitors,

and contacttors. Nevertheless their flexibility and adaptabilicy
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Table 5.3c¢

Metallic charge make-wp

aC %Si L ®SMn %P % %»C %S %S %Mn L. 14

Pig iron 37 10 0.02 0.7 0.06 13 048 0.52 0.01 0.1 0.01
Steel 0.2 0.2 0.03 0.4 0.03 28 0.06 0.05 0.01 0.3 0.0t
Cylinder wcrap 33 22 0.08 0.6 0.08 7 0.89 0.60 0.02 0.15 0.03
Foundry returns 33 20 0.12 0.6 0.08 2 1.06 0.66 0.04 0.20 0.0

Additions 0.60 04
Average charge comp. 2.49 2.8 0.08 09 0.08
Table 5.3d
The variation in melting cost/tonne iron melied with different melting practices
Oxygen cost/ Bed coke cust/ Fusion coke

Oxygen tonne iron Bed coke onne iron %% Fusion cost/tonne Total

Furnace type enrichment melted height (cm) meited coke iron melted cost
Single blast - — 190 £4.80 15 £16.50 £21.30
Single blast 2% £5.05 180 £4.80 13.5 £14.35 £24.70
Divided blast - — 260 £6.80 120 £13.20 £19.93
Divided blast 2% £5.15 260 £6.830 100 £11.00 £22.80

The lollowing assumptions being applicable:
(a) The daily tonnage melted being 25.
{b) The cost of coke is £110/tonne.
(c) The total cost of oxygen is £5.05/tonne iron melted.
{d) The weight of 100cm of bed coke is equivalent 1o 0.60 tonnes.

Table 5.4a

Economic comparison for U.K. foundey
melting ol cast rom sersp
COKE COKEL |
Cot OPERATION OPERA lmION
{ 4
Material £/Unie Consumption Cost £ Consmmption
Coke 135/tonne 14.7% 19.85 —_— c.:
Ca C2 280/tonne 2.0% -5.60 - —_
02 8.48/hcm 2.0% 098 — —_—
;c. :h. 170/tonne 0.4% 068 —_— -_—
an 2596/qus —_ . - —
Moo 063
Pollution 30000/anaum _ 188 estimate 0.50
(Coke) (cokeless)
Gas 0.33/therm — —_ 2 therms 328
Spheres  500/1onne - - 1.0% 5.00
llmrbunnr 165/torne —_ _ 0.4% 0.66
Electricky ~ 0.043/kW - - SSkW 245
. 2964 16.86
Ta;l mekting cost/ionae £29.64 £16.86
Suving/ionne of metsl mekod = [29¢4 - £1686
= 212,718
w&ulanQumuucwunulmdudp-numu
Anausl saving = 1278 x 16,000
= £204,480
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Table 5.4c
Ecosomic comperison for Japanese foundry Ecenomic comparison of Mezican foundry
producing ductile iron producing grey irom
Exchange rate £1.00 = 262 Yen Exchange rate £1.00 = 650 pesos
COKE CUOKELESS COKE
c OPERATION OPERATION OPERATION (f'%:ilifzi‘
ost Cont
Moterill  Yea/Unit Consemption Cost  Comswmption Cost Materill  peso/Unit  Coasemption C Consumption
Coke 63500/t0ane 16.7% 10605 - —  Coke T0/kgm 25% no.?oo - c”_.
8;,:« 20% SI4 - — ol 66/%itre —_ = 80 ktres 5280
for ] Spheres 300/kgm _ — 1% 9000
hotblast 70/litre S ltre 350 - — Recarburicer 122/kgm —_ —
Pollution estimate 653 estimate 200 1 1220
(C); 2 150/kgm 2.0% 3000 _ - 17500 Y5500
il for 3 i =
meltng  T0/litre — — Vhve 40 O PCiU08 costin pesos/tonne = 17500 15500
215/kgm — — 1.25% 2688 .
Grphite  118/kgm — — 4% jesy  S-vine/tonne of metal meited Z a1ssm
Ekctricity  22.5/kW — — TSkW 1688 = pesos
With 4400 tonnes/annom of metal melted
Annual saving : = 2000 x 5500
= 11,000,000 pesos
15134 11128
Total melting cost in Yen/tonne = 15134 Yen 11128
Yen
Saving/tonne of metal melted = 15134 Y-11128 Y
= 4006 Yen
With 6000 tonnes/annum of metal melted
Annual savings = 4006 x 6000
= 24,036,000 Yen
Table 5.5 see next page
Table 5.6
-—--= —- Cupola -——-— Coreless
Water-cooled, induction Arg
Characteristic Conventional  hot-blast furnace furnace
Type of operation ................ Continuous  Continuous  Cont. or batch Batch
Shape ..o, Cylinder Cylinder Cup Saucer
Sourceofenergy ................. Coke Coke and gas Electricity Electricity
Meltdown efficiency .............. 60 1o 70% 50 10 60% T0% 80%
Superheat efficiency ............... 5% 5% 70% 201030%
Refractosies ..................... Acid Carbon or base Acid Acid or base
Slagchemistry ................... Acid Acid or ase Acd Acid or base
Control of composition . ........... Fair Fair Excellent Excellent
Control of temperature ............ Fair Good Excellent Excellent
Capital cost, installed, $/ton/hr $10-20,000 L $60.000

Comparison

$60.000

of Melting Equipment ..

srey Iron Foundry




Table 5.5

CHARACTERISTICS OF FUEL-FIRED MELTING FURNACES

Furasce iype Heas source Charge Capacin L:nny und hife Kemark s
Cupola
CcM air Coke Prg-iron, foundry Usually acid, hning needs A receiver i required for over-
residues, scrap Lo 15t/h daily relining heuting and a» a holding
Coke with blower Coke enriched steel, coke, ferro- (continuous) (urauce
with O, alloys
Charcoal Charcoal Charcoal 0.6 100N /N Acid ur sand lining A fareheurth furance is essential
(experimental) {continuous)
Hot air with air cooling Coke 410 100 1/h Acid or carbon rammed lining A receiver is required. it may be
{continuous) I8 the most widespreud uve. an elecirical channel or core-
Lining life can exceed one less furnace or a static or
week. Bunic lining gives good reverberatory lurnace
results and long operution {recuperator and himng are
Hot air with water aptunal)
cooding
With O, Coke with O, Coke muy be used
to provide carbon
With additional Coke with natural
burners gas or coke with
fu2! oil, or coke
with calsium
carbide
With double rows Coke
of nozzies
Gas
Natural gas Natural gas Cake acts as com- 40 St/h
busiion material
Propans or oil Propane or fuel oil
Crucible Coke, gas or (uel oil Ser \p, cast iron pigs Upto it Crucible muy be made of Fur small quaniities of cast
and ferro-alloys {br.ich process) graphite ur huve bined und wran, including alloys, air
rammed metal frame muy be pre-heated. Crucible
muy be Nixed or tlung
Statc reverberatory furnace Cannel, gas ot oil Scrap, cast iron pigs Up 1o S01 Acid (mlicenus or silica. Air pre-heating (if used) will
(hsarnth type) and liquid ferro- {batch process) aluminous) increwse production and
alloys allow larger rizes

Reverberaiory rotating
furnace

Fluid coal, gas, fuel
oil, gas-fuel ol
mixture

High carbon content
cast iron

Up 1w 101t
(Baich process
with solid charge)
Continuous pro-
cess uses liqud
charge

Unsually ucid. Lining hie i 250
10 400 churges

Guood deosidizing snd de-
gusring. Good lor mulleuble
Cust 10N (recuperatng and
1ting optienal)
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make them the selected unit for many foundries, even when electrical
supplies are not available and it is necessary to install generators.
The economics of using an electric furnace depend upon the cost of
energy, which can sometimes be offset by the use of cheaper or more
readily available raw materials such as steel scrap. Also the elimi-
nation of enVironmental*) and fueli handling costs and the improved
quality control of the melt have strengthened the popularity incre-
ase of electric melting. A comparisson of the characteristics of

electric melting and cupola is given in Table 5.6.

Electric furnace maintenance requires skilled electricians and engineers
and expensive spare parts. The selection of the type of electric furnace
will depend on several factors relating to the special sircumstances

of the country and the type and volume of castings to be produced.

A classification of the electric melting according to the type of

furnace used is given in Table 5.7.

As an approximate guide to power consumption, a continuously utilized
efficient electric furnace will consume between 500 and 600 %“Wh/ton

of iron melted. However with intermittent operation power consumption
over twice this level is not uncommon. For a small speciality foundry
producing mainly grey cast iron, a combination of a small cupola and
either indirect-arc or coreless induction furnace would provide a

good arrangement for meeting demand for its products at low investment

cost.

The most widely employed coreless induction furnace for prime-melting
duties in iron foundries has been the line frequency (50Hz) type
rznging in capacity from about 1-5 to 60 tonnes. Medium frequency
furnaces (200-1CO0Hz) in the past have been powered by rotary gene-

rators and their use has been confined to nroduction of special iroms

in relatively small furmaces (500 kg to 2 tonnes). Thanks to new
techniques and constant further development, medium-frequency

crucible-type induction furnaces with static frequency converters

have now become efficient, environmentally safe and v.ry reliable
melting units for a wide range of applications. Figure 5.4 illustra-

tes the general design of a medium-frequency melting furnace.

In addition to the conventional design, i.e. installation of the

*)

The major problem with cupola melting is the large amount of particulate

and chemical pollutants released to the atmosphere. To help control -
these, air pollution equipment is required, usually more expensive

than the cupola itself.
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M CHARACTERISTIONOF BEHC TR MEL TING BERNACES
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Table 5.8b

Characteristic Mains Medium Channel

frequency frequency fumace

coreless  coreless Table 5.8a -

fumace fumace D —

(250 Hz) Typical data of varioes plasts

Total holding capacity ible capacity Fr MF power Specific Meltin
in kg 4500 2000 4500 Crucible capacity Frequency po pop::t Melt g
Efficient capacity W/ mi
in kg pac 4500 2000 2500 kg kHz kW kW/kg min
Electric power 120-200 10 100-200  20-1.0 15-30
in kW 1000 1000 850 250-550 1-075  200-500  10-09 20-45
Connected load in kVA 1250 1250 1030 $50-1100 075-0.5  320-810 09-0.7 2235
Melting rate up 10 1100-2200 0.5 500-1000 0.7-0.5 22-65
700 °C in kg/h 1900 1900 1900
Current consumption
up to 700°C in kW -h/t 520 $20 430
Superheating rate
(full furnace)
in K/min 10 22 10
Superheating rate
(level of fill: 25% of
efficient capicity)
in K/min 20 80 17
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individual plant elements such as the furnace, capacitor bank and

frequency converter in brick-lined boxes, compact melting plants

mounted in a foundation plate have been operated successfully for

many years in a large number of countries, particularly where the

costs of foundation construction, installation and start-up are of

ma jor importanc: These types of compact plants are produced in two

different designs:

(i) modular design (Fig. 5.5) for furnace ratings from 1250 to

4250 kW with 12-pulse converters for the frequency range from
250 to 500 Hz;

(ii) one-piece design whereby furnace, hydraulic unit and capacitor
bank form a constructional unit for ratings from 250 to 1250 kW
with 6-pulse converters for the frequency range from 500 to
1000 Hz.

The parameters relationships derived from above illustrated designs

are depicted in Figure 5.6. These types of furnaces are used for:

melting of cast iron (Figs 5.7a & 5.7b); melting of steel and cast
iron; melting of non ferrous metals (Table 5.8a). The investment
cost for an induction or indirect-arc furnace is lower than a three-
phase direct-arc furnace of equivalent volume with needed pollution
control facilities. Arc-furnaces are particularly useful for large
scale steel melting (see UNIDO publication IPCT/R.3, Technological

Profile on Mini-Steel Plants). Table 5.7 illustrates characteristis

of electric melting furnaces.

Treatment of molten iron: Treatment of molten metal 2fter leaving

the melting furnace is a common feature of the production of many
types of cast iron. Related terms are duplexing(=holding of molten

metal), desulphurisation, magnesiumtreatment, inoculation(=final

ladle treatment), inmold process, etc.
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Melcting of non-ferrous metals

Non-ferrous metals may be melted in oil-fired furnaces, gas-fired
furnaces, electric furnaces or crucible furnaces. The crucible
furnaces constitute one of the widest ranges of melting units avai-
lable to the non-ferrous founder. They may be fired by solid fuel,
oil or gas, or heated electrically. Crucible furnaces may be of the
lift-out, tilting or ball-out type. With a lift—out stationary

furnace the metal is melted in a crucible and at the end of the
melting cycle the crucible is liftid out of the furnace and used
as the pouring ladle {see Figures58a and§8b). "Lift—out” or **push-

up” crucibies are not normally larger than 150 kg capacity because

of the difficulty of handling larger crucitles full! of metal.
Crucible type furnaces are generally used where small amounts of
metal are required at frequent intervals. Tilting crucible furnaces
are available in capacities of up to 750 kg charge weight. Separate
crucibles should always be used for each type of alloy being melted,

to avoid contamination.

Reverberatory furnaces are flame fuel-fired furnaces in which the

charge is melted by radiation from hot refractory walls and roof and
by convection from the movement of hot gases. Furnace capacities
ranges from 50 kg to 50 tonnes and the furnaces may tilt for tapping

or be of the non-tilt type.

Pot furnaces mainly used for low melting point metals are commonly
employed in conjunction with the diecasting process using metal

moulds.

Electric induction is also very suitable for non-ferrous metals.

Induction melting units are available in which the metal is placed
in crucibles which are themselves placed within an electric
induction coil. This type of furnace, although relatively expensive

is an extremely satisfactory way of melting small to medium quantities

of a variety of non-ferrous metals (see Table 5.8b).

Melting copper alloys: The melting of copper alloys is essentially

3 remelting process vased on charges composed of virgin materials,
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pre-alloyed ingots, selected scrap and foundry returns. Alloying
elements are added to the melting unit in the correct order te
ensure their maximum recovery to the melt. When melting bronze,

if dirty scrap is used, it may be necessary to flux bronzes,
although normally it is sufficient to add a few pieces of charcoal
to the melt. Bronze and other copper alloys should not be left in
the molten state for long periods. Induction push-up furnaces ope-
rate at medium frequency and melting times are as short as 15-20
minutes for 100 kg of copper based alloys. When melting copper-based
alloys, reverberatory furnaces are generally used as batch melters.
Core (channel) type induction furnaces efficiently melt copper

and copper alloys are well suited to melting and holding brass and

bronze when pressure diecasting, in almost continuous operation.

Aluminium alloys: Many types of furnaces are used for melting

aluminium. For small quantities of metal, crucible furnaces of low
capacities are commonly used, but where considerable quantities of
metal are required bulk melters are employed, the molten metal
being distribvted to smaller holding furnaces of the bull-out
type. Improved channel furnace with melting capacities of up to

43 tonnes are now being used in a number of aluminium foundries
(in industrialized countries) without any problems arising from
oxide build-up, however, channel type furnaces are most economic
if operated 24 hours per day. Molten aluminium alloys are very
reactive and combine readily with other metals and sometimes
refractories. Thus aluminium can pick-up iron from unprotected
surfaces and where iron is present, sludge is a danger. In such

a case it is necessary to coat ths side of the pot with clay to
avoid metal contamination. However aluminium is melted it is
subject to the risk of scum and dross formation, and to the
pick-up of gas, both of which cause casting defects. It is pos-
sible to add special fluxes just before pouring to reduce this
risk. These fluxes, such as aluminium chloride, or proprietary
mixtures, help the dross to coagulate into a slag which can be

skimmed off, and also liberate a gas which bubbles through the

metal and cleans it from the types of gas which cause the defects.
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Magnesium alloys: Due to the violent reactions that occur between

nolten magnesium and some refractories, it is customary to melt
magnesium alioys in cast or fabricated steel crucibles. Pouring
ladles should also be constructed cf steel similar to that for
melting crucibles. The charging and pouring operations require

particular techniques and additives to clean the meit and remove

non-metallic impurities.
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Patterns, moulding an¢ coremaking, gating and pouring

Patterns and patternmaking

Almost all casting production starts with the manufacture of a
pattern. A pattern is a form made of suitable material which gives
its shape to the refractory mould cavity where the metal solidifies
to the desired contour and dimensions. Patterns may be costly to
produce but on the other hand, castings carnot be made more accurate
than the pattern equipment from which the mould and cores are made.
The decision as to the type of pattern equipment to make, depends
on several factors such as:

(i) Number of castings to be produced.

(ii) Moulding and core making process to be employed.
(iii) Dimensional tolerances required.
(iv) Size and shape of casting.
Patterns are classified in a number of ways and according to

(2) the material of construction, e.g. wood, resins, metal;

(b) the methed of mounting such as 'loose’ pattern or one
mounted in a permanent manner;

(c) form such as a full or jointed pattern, skeleton or a sweep
pattern, special patterns such as expanded polystyrene patterns,
wax patterns, etc.

It is not necessary that patterns or core boxes be constructed
entirely of any one material. For cxample, wood patterns may have

plastic or metal inserts on wear surfaces.

Wood patterns: Wood is probably the most widely used pattern

making material as it is inexpensive and easy to shape. Wood
patterns damage and wear more easily than resin or metal patterns
and thus have a shorter working life. British Standards 467:1957
contains specifications for Wood Pattern Equipment for Foundries
including basic classification, construction, colouring and
marking to be used for six classes of patterns. The specified
standard colours and marking which apply to all wood patterns
frrespective of the metal to be cast, are given in Table 6.1. The
paint or varnish applied to wood pattern equipment must resist
attack by the binder system in the sand. Alkali or acid resistant
coatings must be applied on pattern equipment intended for use

with sodium silicate or acid catalysed resin bonded sands. General-

ly, resin and metal patterns are left unpained.




Table 6.1:
Pans of Patterna

Colout

As-cast sur{acss which are 10 be leh

Red ur orange

uamachuned
Surfaces whuch are 10 be machuned Yellow
Core prats for uamachined opemings Penphery Black
aad end priats Ends Black
Core priats for machined openings ‘A’ Petiphery Yellow siripes
on black
‘B’ Ends Black
Patvere Joun (1pin patverm) ‘A’ coted sechon  Black
‘B metal section  Clear varmush
Touch cote Cored shape Black
Lagend “Touch'
Seats of aa for 1000e paeces and Jooue cote Green
Stogs offs Dingona) black
urip-“:ilh clear
VI
Chulled surtaces Outlined in Black
Legend ‘Chill
Table 6.2:
WaonT oF CASTING FROM WERIOHT OF PATTERN
Allowance must bs made for the weight of any metal in the patiern.
The patisras are without cores.
Will weight when cast in
A patierm —
weighiag 1 1b Cant Cast Yellow Guametal Bell
whea made of | iron soel brass or bronae bronzs Zinc | Coppst | Aluminium
Alder 1283 14.6 143 149 15.5 12.2 18,6 4.6
ywood ¥ ] 93 99 103 14.0 85 10.5 32
Beschwood 83 9.3 93 10.0 12,0 8.2 0.1 il
Birch 10.6 1.2 119 123 129 10.2 120 39
Cedar 128 143 142 14.7 153 120 187 45
Cherry 107 1o 120 126 138 10.4 12.8 39
Lime 134 142 18.1 15,6 16.3 129 183 49
Linden 120 133 133 14.) 15.0 1.6 143 43
Mahogany | £ 93 9.3 10.0 103 3.2 101 kN
Maple 9.2 103 T8} 10.6 109 89 1.0 32
Osk 9.4 10.4 10.3 10.3 110 9.1 1.2 14
Pear 109 12.0 12.2 12.8 14.0 10.6 130 39
Pine LR} 163 165 16.6 173 143 1.5 s.3
Whitswood 16.4 18 134 193 20.0 139 19.5 89
Brans (1X "] 09 093 099 1.0 0.8l 1.04 031
lrom 0.9 109 1.09 L3 1.18 093 LN 033
Land 0.4 0 0n 0.74 0.78 0.6} 0.3 0.23
Tin @-{ lead) 0.9 IR} 1.00 1.00 L2 0.83 118 032
Zinme 1.00 116 L IR} 1.22 0.96 118 0.36




Table 6.3:

Patiernmaken’
Contraction

Alloy Allowance
Aluminium alloys
Commaercially pure
Al-Cu-8Si alloys g LM4
Al-8i ulloys e.g LM6, LM28, LM29, I M30
Al-Cu alloys sg LMI2 1.3% or /7%
Al-Mg 5-10% sg LMS5, LMIO
Low sxpansion Al-8i-Ni eg LMI)
Aluminium bronzs 2.0-2.)%
Beryllium-Copper 1.6%
Bismuth 1.3%
Brass, yellow (thick) 1.)%
Brass, yellow (thin) . 1.6%
*Cast iron, grey 0.9-1.3%
Cast iron, white 2.0%
Coppsr 1.6%
Delta Bronze 1.6% i
Gunmetal 1.0-1.6%
Lead 2.6% A
Magnesium .08 |
Magnesium alloys (3%, or over of

alloys, excluding cadmium, which has no

offect on the shrinkage of magnesium} 1.6%
Magnaness bronze 2.0%
Monel 1.0%
Nickel 2.0%
Nickel silver 1.0-1.6%
Phosphor-bronze 1.0-1.6%
Silicon bronzs 1.3-1.6%
Steal, carbon 1.6-2,0%
Stee!, chromium .0%
Sieel. manganess 2.6%
Sions's gear wheel bronzs 1.0%
Tin 2.0%
White metal 0.6%
Zinc and zinc-base ulloys 2.6%

*The amount of contraction in casi iron depends chiey upon the speed with which the
casling cools, greater coniraction resulting from more rapid cooling, and vice versa. Largs
holluw castings contract luss in a vertical than in 8 horizonial direction.
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Resin patterns: Patterns made from epoxy or polyurethane resin based

materials have excellent mechanical properties and dimensional stabi-
lity. They provide high resistance to the abrasive action of the
granular moulding material, are not subject to shrinkage or swelling.
Resin patterns have an excellent surface finish together with very
positive loose piece and corelocation arrangements. Whilst being

more costly than those made of wood, resin patterns have a mu-h
longer working life and are therefore, more suitable for long

production units.

Metal patterns: Are normally made from an aluminium alloy or grey

or SG (nodular) iron. They may be cast to shape and finished by
machining or completely shapad by machining. Modern pattern shops

are therefore, equipped with the facilities of conventional tool or
diemaking shop using such techniques as spark erosion, electro forming,
etc and employing nummerically controlled and electronic copying
machine tools. Where sustained production is required with correspon-
ding consistency of dimensional accuracy, meatl pattern equipment

is essential. Metal pattern equipment is also essential where the
equipment is heated to cause hardening (curing) of the sand mould

or core as in shell moulding and coremaking and hot box core production.

Table 6.2 illustrates pattern weight to weight of castings. An impor-
tant factor to be taken into account when designing and conmstructing
pattern equipment is the zolid contraction which takes place as the
casting ¢ is in the mould from the metal freezing temperature to
room temperature. Different casting alloys have different contraction
rates. Although average values for unrestricted 9soling conditions
are available as set out in the Tabls 6.3 it must be borne in mind
that these can vary considerably according to the resistance offered

by moulds and cores.

Machine Finish Allowance: Many castings are machined on some of

their many faces. Extra meatl is therefore, required on these faces
and provision must be made for this on the the pattern or in the

core box.

Pattern making equipment: In order to make accurate patterns capable

of producing high quality castings, it is necessary that adequate
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facilities are available. Equipment for making simple engineering
drawings and the skills to prepare, read and interpret drawings

are required. Pattern-—making tocls include all conventional wood-
working and metal working hand tools. Accurate measuring equipment
is essential (rules, verniers, scales, etc.) and a flat reference

surface is necessary.

If power tools are available a disc sander, a planing machine, and
and a band saw will increase the range of patterns which can be
made, reduce the labour content, and improve the accuracy of the
work. A lathe is needed for many types of pattern. For metall
pattern-making a multi-speed drilling machine, an accurate lathe,
and for some types of pattern a turret type milling machine are
likely to be most useful. The pattern shop must be well lit, and
provided with adequate benches, vices, and tool and material storage
space. Parts of patterns must be located together accurately. It is
also necessary to provide accurate location for coreboxes and for
moulding boxes. For these purposes accurate buskes (sockets) and
pins or dowels are needed. For the most accurate work these should
be purchased from specialist manufacturers and made in hardened
steel. However, for less critical castings, simple metal location
pegs and bushes may be made in pattern shops. The use of wooden
location pegs is not recommended. A good supply of screws and bolts
of different sizes is also necessary as is a good quality adhesive

and a hard setting '"filler" material.

Pattern storage: If repeat casting orders are likely, patterns

should be stored with care-especially since the pattern is often
(depending upon the commercial arrangements) the property of the
foundry's customer. Wooden and metal patterns should be kept on
racks away from the foundry and the risks of accidental bruising

or damage, fire hazrds or damp. In designing a foundry , adequate
space should be provided for pattern storage. Table 6.4 illustrates
the characteristics of various pattern-making technjques. A view
of pattern-making equipment with respect to advanced technologies

is gi-.en in the Appendix of this technology profile.

!




Table 6.4:

CHARACTERISTICS OF VARIOUS PATTERN-MAKING TECHNIQUES

Numbe
Potiern-meking Metevials wred of nmd'tus Mowiding Level of techmicel Relative Auxiliary Apprupriatenen fur
chnigus Jor pattern produced method skoll requived Relanve con cQ3ng uze el used Comments develuping couniries
Full pattern
Loose
Single Wood Upto 40 By hand Medium Very low Hand to0ls (pneu- Appropriate for a fsw
or plastic (wood) maiic rammers) umple parts
Up 10 100
(plastic)
Spiit Wood Upto D By hand Low to medium  Very low Hand tools (pneu-  Generally for
or plastic (wood) to low malic rammers) first parts
Up to 100 of a serie»
(plastic)
On pattern board
Maichplae Wood, plastic  Up to 300 By machine Low Low to Medium Precision (lasks, Use of metal
or metal (wood) medium moulding for pattern
$00-t 000 machines is infrequent
(plasiic)
{ 000-$ 000
(metal)
Cope and Wood, plastic  130-300 By machine  Low Medium o Medium Use of metal
drag ot metal {wood) ot hand wgh for pattern
$00-1 000 is infrequent
(plastic)
| 000-5 000
(metal)
Flaskiess Wood, plastic  50-100 By hand, Medium to high  Medium o Medium Mixer or blowing  Good surface Appropriste if mixers
or metal (wood) machine very high machine precision or blowing machines
$00-1 000 or mixer are availuble
(plastic)
More
than $ 000
(metal)
Epecial equipment
patiera
Skeiston pattern Wood Few By hand Medium to high  Minimal Large Hand tools and
Sweep patiern Wood Few By hand Medium to high  Minimal Large slin.er' machines
Templawe pattern ~ Wood Few By hand Medium to high ~ Minimal Large for fillings
Expendable pattern
Full mould Polystyrene One (not By hand Low to medium  Minimat Medium Self-hardening
proces foam reusable) or puxer and large material needed
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Moulding ard coremaking

The method of moulding to be used must be related to the type of
castings to be produced and tc the skills and equipment available
in the foundry. Small castings are usually produced in sand moulds,

by hand if the quantities are not large, or on moulding machines for

repitition work. Larger castings may also be made with moulding
machines. It will Le necessary to handle large moulds with a crane,
whether these are made by machine or by hand. Table 6.5a presents

traditional mould materials and their temperature limits.

Mould preparation

The basic functions of a mould are:
(i) to provide a cavity which is a faithful reproduction of
the shape of the casting which has to be produced;
(ii) to withstand the action of the poured metal and to extract
heat from the molten metal in such a way as to produce
optimum properties in the casting
(iii) vo be constructed and used in the most economical man-

ner possible.
Moulds can be permanent metal moulds 2s used in die or centri-
fugal casting or expendable ones made in refractory aggregates.
Sand moulding, accounts for the lzrgest tonnage of shaped
castings (around 907 of the total tonnage). The basic techniques
employed in making a simple sand mould are shown in Table 6.5b
and Figure 6.1.In this case, the casting is a small valve body
and as only few components are to be made, a loose wood pattern
is employed, constructed in two halves. The techniques used to
produce moulds and cores is largely dependent upon type of bonding
material in the sand. Also the type of sand used may have a profound
effect on casting quality particularly the quality surface of the

castings.

Sand moulding processes

Whilst the basic principles of sand moulding remains virtually un-
changed, developments in technique have been made particularly over
the last few decades, and and these continue at the present time.
The oldest and still most widely used moulding process is the

compaction of clay-bonded quartz sands. “igure 6.2 illustrates the
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Table 6.5a:

Radiional Moid Maverials and Thelr Tempersture Limits

Moid Material Refractory Limit * F

Plastor O ParlS . . ... .. ... .. ... it ittt approx. 1600

- approx. 2000

SaNd, COMMMIC ... ........oininniii e s 3000-3300

Graphile® . ..... ...ttt approx. 5000

Beging oxidizing at 750F
HAND MECHANIZED AUTOMATED

Sand Cycle once/day once/day 30 minutes
Time
Tramp Metal 1/4" mesh screen magnetic magnetic
Separation and shovel

Mulling and
Aeration

Distribution of
Green Sand

watered, mixed
and riddled on
floor

shovel and
wheelbarrow

batch muller continuous or

batch muller

overhead sand
conveyor and

front loader
transports to

molding station chutes

¢/b overhead

Typical Hand, Mechanized, and Automated Sand Handling

Tahle 6.5b: A
— ——  Alternatives

Table 6.5c: Survey of compacting processes for clay-bonded sands

Moulding sand filled into the  Moulding sand compacted by

flask and pre-compacted by

Shnger-moulding -
(finai compaction achieved)

Gravitational force Jolting
(minimal compaction) Squeezing
jolting and squeezing

Jolting and jolt-squeczing
‘Air flow” and squeezing
Impulse moulding

- air impulse

- gas impact
Shooting."blowing Squeezing
Vacuum Squeezing
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principle of sand moulding that has been used for centuries. Not
every sand is suitable for the production of castings. In order
to produce a mould, the sand grains must be stuck or bonded together.
The bond is usually provided by clay. Many sand deposits contain
sufficient natural clay for this bond. Such'"natural" sands with
about 12% to 15% of clay are found in many parts of rhe world.
It is possible by laboratory testing to determine whether a sand
will be suitable for a toundry process, although it is usually °
better to <arry out trials in a foundry. Many foundr®_s use sand

which contains no natural clay, and add clay sepa.ately (usually

between 5 and 10% by weight). This type of sand must be clean,

and in particular free from mica, volcanic ash, crushed sea shell

or coal. The grain size should be uniform, the fineness determi-

ning the smoothness of the castins. The grain shape should be round,

or sub-angular; wind blown sands or sands which have been washed as
by-product of mineral extraction are often suitable. Lake sands

and river sands are frequently used but sea beach sand is sometimes
contaminated with shell or salt. Sand from some deposits may require

washing and cleaning before use, or at very least sieving to remove

lumps or foreign matter. Washed sand is likely to contain too much

water for foundry use and may require drying- a simple sand dryer

is not difficult to construct.

Where separate clay additions are made, the best type of clay to
use is bentonite. This material is available commercially for
foundry, and also for oil-well use. Fireclay and other types of
clay are also used in certain cases. Sand bonded with clay must
have the right amount of mcisture in order to make good moulds.
The water content depends upor. the amount and type of clay present,
varying from about 3 to about 7% by weight. The water content can
be measured by accurately weighing a sample of sand before and after .
drying in an oven-other chemical and electrical methods can also
be us2d in laboratories.

Green sand moulding: This is the most widely used moulding method

for small to medium castings in all types of metals. The moulding
sand is clay bonded and the moulds remain moist ('"green") Throughout
all their stages of production and at the pouring operation. Green

sand moulding has the following advantages:

- ready availability of the raw materials quartz sands and clay;
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- possibility of using recv:led moulding sand--as the minor quality
deierioriation after cas'ing can easily be compensated for
- proaiwction of quality _astings due to the high degree of mould
streng*h and gic permeability of the mould.

One disadvantage of green sand moulding, as compared with other
moulding processes, is the relatively great effort required to compact
the mould. This is a problem to be considered in rela.ion to the

shape and size of pattern used. Figure 6.3 shows a mould being produced
in a moulding machine, with the pattern firmly placed on a pattern
plate fixed to the machine table. The choice of green sand moulding
usually implies that the user considers the production of the mould
halves by sand compaction to be the most important stage in the
metal casting orocess-from the initial design to the finished casting-
as it is during this stage that the quality of the finished product
and the efficiency and economy of the production process are largely
determined. The choice of the most appronpriate compacting process

is of utmost importance. Table 6.5c lists the compaction processes
that have been developed until now, and the Figures 6.4 to 6.10
illustrate these processes. Figure 6.11 depicts a selection of

typical castings produced with a shoot-squeeze moulding machine.
Figure 6.12 shows that all modern moulding processes are capable

of producing a good distribution of mould strength. A favourable
distribution would be one with a higher degree of strength at the
patternplate gradually decreasing towards the back of the mould.
Jolt moulding, because of the adverse environmental problems it
causes is being used less and less. The Table 6.6 summarizes the
typizal features of proven mould compaction processes.

Ly sand moulding: This is an extension of the green sand technique.

Slow rate of production and high skilled labour requirement. Largely
replaced by cold set-moulding techniques.

Loam moulding: Slow and laborious process requiring much skill, all
of the work being done by hand. Has been largely replaced by modern
monlding techniques.

Cement moulding: Is the forecomer of the cold-setting processes. Cement

bonded sand mixes are inexpensive and the sand may be reclaimed.
Casting quality is good but mould hardening and rate of preduction
slower than when using the newer cold-setting systems. Cement sand

mouldin is used for heavy casting in steel or cast iron and for the

moulding of heavy marine propellers.




Characteristics of differeat compacting processes exemplified by a mould messuring 1000 x 800 x 300/300 mm

Compacting process Compacting Relative Machine  Remarks
energy in  cost of cycle
k) compacting period
energy*) in seconds
Hand moulding with 2100 39 1200 Considerable strain on operating personnel due 1o noise
compressed air rammer and vibrations
9.2 m’* compressed air,
according to %)
Slinger moulding 6100 27 600 Strain on operating personnel due to noise and vibrations:
1.7 kW'-h for drive, requires subsequent ramming on the back of the mould
according to %)
Jolt moulding 450 8 30 Strain on operating personuel due 10 noise and fast wear
2 m’ compressed air**) of machine components; expedient in conjunction with
squeezing for high and medium-height moulds
High pressure squeezing 210 1 26 Expedient for flat moulds: highest density on back of the
0.06 kW -h for hydraulics®®) mould
Shooting 1400 28 26 for medium-height moulds: in conjunction with high pres-
without squeezing sure moulding - universal application
6 m® compressed air
Vacuum 3200 4 26 for medium-height moulds: in conjunction with high pres-
without squeezing 0.9 kW h**) sure squeezing - universal application
Air flow 2700 50 30 for medium-height and high moulds; in conjunction with
without squeezing high-pressure squeezing - universal application
12 m* compressed air**)
lmpulse moulding $60 10 30 for medium-height and high moulds - universal applica-
{compressed air) 2.5 m’**) tion «
Ilmpulse moulding (=as impact) 4400 10 30 for medium-height and high moulds - universal applica-

0.15 m’ natural gas,
according to ')

tion

*) high pressure squeezing a |
**) Manufacturers’ indication

I m* compressed air (operating conditions) = 224 kJ
! m* naturat gas (standard conditions) = 29310 kJ
LkW:h = 3600 kJ

Comparative mix sund cast for cold hox process

Table 6.6

Table 6.7a

Process Alkaline Polyurethane SO,/ furun
phenolic

i 5% BSRI 1.25% 1.0% Furan
Bindet fevel 1.3% B3 (Total Pur- L & ) 0.4% Peroxide
Binder cost/tonne £760 £1150/1200 £1400/1900
Gas level 0.3% BSH 10 0.1%% DMEA or TEA 0.1% SO,
Gas cost/tonne £1280 £1750 £506
Total binder cost/
tonne mixed sand £15.25 £16.39 £22.10

Advantages:

Reduced operaling costs

Reduced capital equipment costs

Improved quality and productivity

Cleaner, quister working conditions

Iinexpensive palterng

No patiern storage

Lees risering

Lese cleaning time

Lese molding space required

Loss skilied labor required

Defects such an acabs and buckies
cannot oecur

Eiimination of nonmetallic inclusions
and hot tears in stoe!

No cores

Caaslings can be made 1o cioser
tolerances and walle ag thin as
0.120 in, have been cast

No binders or other sddillves
are required

8and le revsable

Casting cleaning # minimized since

there are no parting lines or core ins

Improved dimensional control
Simplilled sand handiing

No parting lines or parting line Nash
Shakeout ls simpiified

Longer 100iing life

Flexibility

Easlly automated

Low energy and material costs
Lower scrap and reclaim

Disadvaniages: -

Alcohol wash and speedy drying yield
vapors

Olstortion

Surface finish may not be as good

Pouring operation more dangerous
(hame (rom gases)

Little more penetration (temp hotter)

Poassitiiity of runouts

Material shrinkage

Castinge take longer to cool

.

L

Table 6.7b
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CO, Process: The carbon dicxide/sodium silicate process for the
bonding of moulds is simple. A binder based on a solution of sodium
silicate is mixed with silica sand and the flowable mix is easily
compacted to form the mould. The CO2 gassing process has a profound
effect on the strength of moulds. Various mould gassing arrangements
are used. Highly efficient gassing is obtained where moulds are placed
in a chamber from which air is evacuated prior to introducing coz.
Castings made by this process are dimensionally accurate, have a good
surface finish and are less likely to suffer from porosity and blow-
hole defects. CO2 process mould may be made on jolt-squeeze moulding
machines.

Cold-set sand moulding: Such sands harden in a predictable manner

at room temperature. Binder systems are based on furan, phenol
formaldehyde or phenolic urethane resins or sodium silicates and a
suitable hardening agent or catalyst- is added during the mixing of
the sand. The speed of cold setting is controlled by the amount or
strength of hardener that is added to the sand/binder mix. Cold-
setting may be extremely rapid as is required for high rates of small
mould production, or slow when making large moulds. The moulding lay-
out may be very simple and consist of a stationary mixer with
moulding boxes and moulds circulating on a roller track around the
mixer. Wood patterns are perfectly satisfactory they are of high
quality and properly coated. Reproducible accurate casting dimensions
are obtained and casting surface quality is generally excellent. The
cold-set moulding process is very flexible and is used for producing
castings in all metals and alloys weighing from a few kilogrammes up
to 200 tonnes. Table 6.7a gives comnarative mix sand cost for cold
box process.

Shell moulding process: This requires the use of metal patterns.

These are heated to about 250°C and then covered (either by damping
or blowing using a special machine) with sand which has been pre-
viously mixed with 3 to 5 % of a heat-curing pnenolic resin. After

a few minutes a hardened layer of 1 or 2 cm builds up on the pattern;

the lovse sand behind is tipped away for re-use and the hardened

shell {s removed when cured by further heating. Two shells are clamped
or glued together for pouring. The powdered resin may be simply

mixed with the sand but it {s more effective to use sand whose grains
have been coated with resin. It is possible to purchase coated sand:

althougih the coating process is not very complicated, it requires

!
!
D
|
!
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careful technical control and is not usually worthwhile for small
quantities. Shell nmoulding requires relatively little skill from the
operators although it demands high skills from the pattern makers.
The process can produce accurate, smooth, high quality castings ia
nost types of metal. Shell moulds can be stored for long periods
without damage and the process can be modified in many ways for high
production. Shell moulding is not a cheap method, especially if resin
coated sand has to be purchased from a distance. It is suitable omnly
when relatively highly priced castings are to be wade which justify
the cost of the resins and the expensive petal patterns.

Other gas hardening moulding processes: In recent years, systems
using gaseous anines to harden phenolic urethane bonded sands and
and sulphur dioxide to harden furan and phenol formaldehyde resin
bonded sands have been introduced. QOutputs of mould can be high and
accurate castings with a good surface finish are produced from wood
and plastic patterns. The technoques are used only for making small
castings in mass or small quality production. Machines are available,
that produce gas hardened contoured moulds as possible alternatives
to normal shzll moulds, and whilst the shells are thicker, binder
and energy usage is less and high quality castings are nade using
much lower cost patterns.

Special sand moulding processes: These coastitute the V-process

and the EPC process.

a) The V-proress moulding (Vacuun Sealed Moulding Process) was

originated in Japan and the technique of this process involves

the use of a vented pattern on a hollow carrier plate or suction

box. A thin plastic film with specific physical prop=»rties is

softened by radiant heat and draped over the pattern. The carrier

plate is then evacuated, causing the film to conform to the

contours of the pattern. A moulding box is placed over the film .
coated pattern and filled with dry unbonded sand which is conso-

lidated by vibratior.. The top of the box is similarly covered .
with a plastic film, air is evacuated through vents in hollow

walls or pipes in the box and the sand nould becomes rigid.

The pattern is withdrawn after releasing the vacuum applied zo

the hollow carrier plate. The second half of the mould is made

in a sinilar nanner. The moulds are kept under vacuum during

subsequent handling and pouring and until the netal has comple-
tely solidified.
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The technique is used for producing many shapes and sizes of
castings in oost casting alloys. Its best applicatiom is for
snall quantity production of larger castings-onz to several
tonnes-of simple configuration. The castings have good dimen-
sional accuracy and surface finish and the process has the
capability of producing thin metal sectioms. Figure 6.13 il-
lustrates the development of the V-moulding process in Japan
aand W.Zurope. Figure 6.14 shows a fully autooatic moulding
plant. Shuttle and rotary type plants are illustrated in the
Figures 6.15 and 6.16 respectively. Figure 6.17 shows a vacu-
un aoulding plant suitable for the production of baths with
2000 x 1000 x 750/200 wn flasks. This plant achieves a capacity
of 50 - 60 ooulds/h and is the iargest installed in Europe.

b) EPC (Evaporative Pattern Casting): In this process an expen-

dable pattern of vaporisable material such as polystyrene foan
is embedcec ir the moulcing nmaterjal in a aouiding bo:,.gene—
rally a one part box, the mould then being immediately ready
for pouring without the need to remove the pattern. Molten
metal is poured into the 'Full Mould', vaporising the pattern as
filling proceeds and perfectly reproducing the patterm.
Figures 6.18a and 6.18b show this process schematically. Casting
quality can be satisfactory and for s‘ngle or very small batches
of castings, pattern and moulding costs are lower than when
using corresponding wooden patterns. Figure 6.18c illustrates an
EPC pilot glant and Table 6.7b summarizes advantages and dis-
advantages of the process. A comparisson of the main sand moulding
methods is given in Table 6.8.

A view with moulding making equipment is contained in the Appendix.

Sand cores and coreuaking

Certain types of casting can be produced without the need for cores.

However many designs contain internal cavities or undercuts which
cannot be made by normal moulding methods. Very few foundries can
operate without some core producing facilities. The bonding of sand
to form cores is similar to that which is required in order to form
moulds; many of the same processes are used. There are, however, so-
me differences. A core has to be harder and stronger than the mould
since it must be handled and perhaps stored, handled again and laid
into the mould by hand. Cores are often almost completely surrounded

by molten metal and as the metal solidifies and contracts the core

must break down in order not to set up stresses or crack the metal.
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A Conparison oF THE Mam SAND Mo Lo Procsses (approumate amd depeading wpona the alloy to be cast)

Number of Castings Relatne cost Dx 1 Sart. Relane ease
. Cauing _— Type of —_— of chanpag
Moulding Process e pattern in small - ACCUTIKCY hnli‘ design
e oun. max. (castng) (casting)
numbers quantity producthioa
Green sand 0.025kg 1 Limited o Wood T Low Lowest Joor to Poor to Pour to good
to pattern hfe Resin very good very good
1 tonne Metal
Dry sand 1 onne t Limited to Wood High Highest Pocr o Good Very pood
[ pattern hic moderate
100 1onne
Cemeant sand 1 tonac 1 Limited to Wood High High Moderate Good Ven Good
[ pattem lhife
50 1onne
CO: Process 025k 3 Limted w0 Wood High Low Good Very good Very suod
w0 pattemn hfe Reun
20 toanc
Cold- set 0028 kg ] Limated 10 Wood High Lrw Good to Very good Very good
sands w0 pattern hfe Resin very good
200 toane
Shell moulding 002Skg 500 Limited 10 Highest Low Excellent Excellent Vers poor
w0 pattern kfe
100 kg
V-Process 20 kg 1 Lmuted to Wood Low High Very good Verv good Very pood
w0 pattern hife
10 tonne
Expendable pattern 20kg 1 s Polystyrene Lowest Very Poor 10 Poor to Excelent
(2) Bonded sand w0 high good good
20 toane i i .
(b) L'nbonded sand 1kg to 500 20.000~ Polystyrene Very high Low Very good Very good Very poor
(vacuum) 20kg
Table 6.8
A Cowpanrsson OF THE Mams SAsD CORE MAKING PROCESSES (approumate and depending upon the alloy 1o be cast)
Core making _Coyc size Type of Hardening C:::‘:x Cores ready R‘:;e“ D'::::;“" sﬁ'"fxl ¢ Ease of core
process limitations core box System period for pounng prod (cores) (casting) knockout
Onl sand Very Not sritscal. Heat Few seconds Few hours Slow to Poor 10 Good Good to
small Woud: to blow core very rapid good ven good
o Resin:
medium Metal
Asr-serung Medium Wood Onidising 0 min 10 4 Several Very siow Moderate Good Good
oil sand to large agent and hrs hours
heat
Shell cores Very Meral Hez1 2104 mins Immediatels Vers rapd Excellent Excellent Excellent
small 10
small
Hot box cores Veny Metal Heat 560 secs {mmediately Extremely Excelient Very good Very good
small to rapid
small
Cold-serting Small t0 Wood: Acid catalyst Smintod Few hours Slow to Very good Good Good to
sands very large Resin. of tertiary hours to 16 hours rapid ven good
amine
CO: process Small to Wood, €O, gas 10secto 4 Immesiately Very rapid Vety good Good Poor to
very large Resin min 1o several moderate
hours
Gas hardening Small to Wood. Tertiary 20 secto ] Immediately Extremely Excellent Very good Very good
Cold processes  medium Resin. amine min rapid
Meta vapour o1
SO; gas

Table 6.9a
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Cores must not be bonded with chemicals which produce large quantities
of gas when subjected to heat since gas bubbles can pass into the
liquid metal and form blow holes on solidification.

Cores binders: Cores may be made from clay-bonded sand. However

clay-bonded cores are very fragile and require considerable skill in
manufacture and support in handling. The use of green sard and dried
sand cores has decreased considerably in recent years. The CCZ
process using water-glass and carbon dioxide gas is an extremely
useful coremaking process. This technique is described before. CO2
process cores can be made with special sand additives to reduce the
casting cracking problem which sometimes occurs. A number of other
chemical systems have heen developed for producing cores which harden
rapidly in their core boxes without heat. A number of chemical resin
systems based on phenol formal!dehyde, uretha-e, furfuryl alcohol or
other resins harden on the passage of amine gas or of sulphur dio-
xide. Other resins hrden by the action of catalysts mixed with the
sand just before coremaking, as with the air-set moulding process.
Many of these chemicals are expersive and some present health

hazards so that they can only be used with special equipment. Smaller

foundries should usually consider oniy the CO_, process or the air-

set mixer-fille- process for cold setting corz making. The hot box
process needs a heated metal core box: the sand is mixed with resins
which cure on the application of he-t. This process produces solid
cores but in other r2spects it is similar to the shell moulding
process which may also be used for making co: :s. After lcm to 1kcm
of sand has cured shell cores may be emptied out so that hollow
core; are produced. Both hot box and shell cores have to be made on
special coremaking machines with heaters for metal core boxes.

These pr.cesses are convenient and require little operator skill,
but the equipment and core-box making ard tooling costs are high,

so that the processes are usually restricted to foundries requiring
high production rates. Many cores can be made with 'natural’ binders.
Certain vegetables oils, such as linseed oil, cottonwood oil and
others, when subjected to heat (temperatures of the order of 250°C),
become hard and strong. Cores are made in simple wooden or metal
core boxes but complicated shapes may require support on sand or

metal formers until they are baked. Other natural organic materials

are used alone or in conjunction with hardening oils and include
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starch, flour, mo’ 2s, or sugar derivatives. many types of flour
when mixed with wa... provide a suitable medium for bonding sand to
produce cores. A disadvantage is that starch-bonded cores tend to
produce large quantities of gas on pouring. Frequently a mixture of
starch and oil is used to give a combination between a workable
sand before curing and a hard and strong core after heating. It is
possible to purchase specially prepared core binders and oils.

Some of these oils are based on mineral oils and on fish oils as
well as on natural vegetable oils. It is worth carrying out expe-
riments with locally available oils as these may provide more eco—
nomical corebinders than purchased, specially produced, proprietory
materials. A typical mixture might contain 2% oil, 1}% starch, and
2 to 3% of water. Such cores should be cured by baking at 250°C for
approximately 45 mirutes in an oven. These oil-bonded sand mixtures
may also be used for moulding when particularly strong moulds are
needed. The wixing and preparation of coremaking sand must be care-
fully carried out. It is usually unsatisfactory to attempt to mix
sand by hand, and a small sand mixer of the type used for moulding
sand, or even a concrete mixer type, should be used. The composition
of core sand mixes must be carefully controlled eiter by weighing
or by measuring the ingredients. Cores which are cured by heat or
by the passage of CO2 gas must be made under controlled conditions.
002 process sand hardens slowly in the air, so chat to avoid waste
it should be mixed in small batches as it is required. Mixers

must be cleaned after use to avoid contaminating other batches.

Coremaking: Cores may be made in metal, wooden or plastic core
boxes. these core boxes are part of the pattern equipment for the
castings. The simplest method of making cores is to ram the sand

into the core box with a wooden rammer. Many cores may need reinforce-
ment with wire or nails in order to provide internal support. Core-
making for complicated shapes is a skilled process requiring several
months of training, althcvgh simple cors can be made after a few

days or weeks of practice. An alternative method of prcducing cores
is to blow the sand into the core boxes. Core blowing machine: can

be bought which are suitable for both hot and cold core making
processes. A range of machines is available from simple manually-
operated blowers up to fuliy automatic equipment for the production
of intricate cores on a large scale. Such coremaking machines require

compressed air, power or gas services and maintenance, and can usually




- 72 -

only be justified for repetition castings in conjunction with mecha-
nised mould production. Cores that have been bonded with oil, starch
or some resins must be cured before use. Core stoves may be fired by
oil, by gas, by coke, wood or other suitable fuels. It is important
that air should be allowed to circulate within the stove since the
curing process is by oxidation as well as by the application of heat.
It is necessary for the core stove to have reasonably accurate tem-

perature control.

Core Assembly Moulding: Covemaking methods are sometimes vsed to

produce complete moulds. The mixer filler or air-set moulding pro-
cess are such examples, but most coremaking processes can be used

for moulding with the advantages of flexibility, rigid moulds,

easy stripping, and absence of the need for moulding boxes. Moulds
made from assemblies of cores have to be securely clamped and

sealed together before pouring the metal. Coremaking sands are
usually more expensive than moulding sands, so coremoulding

is only used when there are definite technical advantages. Table 6.5%.
illustrates a comparisson of the main sand coremaking processes.
Characteristics of core sand moulding methods are given in Table 6.9b.
Features of main sand binder systems are tabulated in Table 6.9c.

An illustration of coremaking equipment is given in the Appendix.

Mould and Core coatings: It is common practice to coat moulds

and cores with a suitable "paint" or dressing which serves as an
imprevious stable refractory barrier between the molten metal and
the sand. By its use, surface finish of the final coating may

ve greatly enhanced, metal penetration into the intertices of the
sand grains avoided, the sand surface protected from erosion and

a number of other casting ills prevented. Every conceivable method
of presenting mould and core dressings to the user has at some time
been utilised. These range from dry powders for soft camel hair
brush application, through powders and pastes for dispersion in
both water and various flammable solvents, ready-to-use suspensions
in the same solvents, air-drying versions and electto;;atically
deposited powders, to inciusion of the powder dressing in the

sand mix itself. Similarly, all possible methods of placing the
dressing on the mould or core surface have been explored-swabbing,
bruching, spraying, dipping and flow-coating of liquid with

electrostatic spray, shaker-bag and asoft brush for powders.




Table 6.9b:

CHARACTERISTICS OF CORE SAND MOULDING METHODS

Relaiive Cither required
Mam oriont of produstiviry npergliont Advisahiliny for
Aerhond he me Mouking material Crmments Lquipment adev (Aumber) amd equipment developing countrie
By nand
Using moulding Sweep. template Natural or svnthetic, I arge sive and Wonl ! Baking arbors Processes require skilled
profiles {mngle or muluple) ail-saud or highly minimurn series labour
relractory special cores
sand
By lathe Verucal ar horizontal Naturul or synthetic Small series, large Wood ] Buking, centrally
atis sand circular segment supporied spindle
cures
Skeleton Synihetic and vil-sand Minimum series, Wood | Baking, muny
ot lughly refractory large cores reinforcing rous
mixture:
1n coue box The core bor steucture Cement, COsilicate, Several dimensiors, Waod Al Baking, oil moulding  For small series with
may have muvable uil-sand. No-bake small sere ryvires reanforcing farge dimensiany
parts I
Joh macnine Core bon reflover and Synthetic or naturat Cheap. small seriex Wood, plastic 10 Baking, special Not advisable
haubng is sand production (sume metal) reinforcing stalks
mechanized
Air compression
Single post Oil-sand, CO,-silicate. Medium series Metauls (some woad) 20 Baking uccording o
machine Hon bux, or cold production. All misture
bua. No-bake operations in
Ayguence
Double post Generally hot or col ' Medium to large Metal, complicated s Laking vn marhine, Not advisable
h=.dening mintures series. Alternative core boxes if required
operations
Mukiple pusts Large 10 vary large Sophisticated cast- More thun Buking on machine, Not advisable
series. Distributed iron ar steel core 0 if required
aperationy boxes
Swing slinger Ancillary equipment Synthet sand and Flexible for medium  Woand, plastic, metal 1010 18 Baking, reinforeing Versalile but subject to
includes a rotatory oil-sand series with core (aluminium), rods tool wear and need
table, and a ~rllover hix rotution baxes. Average for rorating impelters
far continuous cvele co-
Cuntinuous mixes Uses simullancous No-bake mixtures Surface precision, Woaod, plastic (some 1010 15 Many advaniages
binder addition ur (plastics, catalysts) Nexibility for metal). Good
pre-miving small medium equipment life

series cores
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Some special moulding and casting processes

investment casting or lost wax process: This is based on an ancient

mathod of making castings; a onc part mould is produced by coating
(investing) a wax replica of the final casting with a refractory
slurry that sets at room temperature. The wax is then melted or
burned out leaving a cavity in the mould of exactly the same shape
as the original wax pattern. This casting technique has been
established as an accurate one for the manufacture of extremely
critical castings and reliable engineering components. The two
main techniques in general use for the production of moulds in the
investment casting process are

{a) cthe preparation of a "block” or solid mould

(b) the manufacture of a ceramic shell.
The investment casting process is used for a wide range of alloys
including nickel-rich materials, the socalled super alloys, stainless
steels, iroms, copper based alloys and light metals. Machining
requirements of the castings are minimal. Mechanisation of the
process is gaining momentum and robot mechanical aids can be used

for readily programmed sequences such as shell build-up investment.

Ceramic moulding: Casting quality lies between that obtained by

investment casting and sand casting. Ceramic moulded castings have
excellent surface finish. There are virtually no alloy limitations.
Automatic machines are available for producing ceramic shell moulds
at an output of 240 shkells an hour and the ceramic moulding process
has produced castings from a few grammes up to three tonnes in

weight. The process is used for manufacturing golf heads, food

machinery, aluminium parts for electronics, pattern equipment, dies

for casting, forging etc.

Plaster moulding process: Probably the best known form of plaster

moulding is the Antioch process deve'oped in the 1930's. The process
is mainly used for light alloy castiug proauction, although most
copper-base alloys can be cast in '"Antioch Process’” mould. The
castings have an excellent surface finish and close dimensional
tolerances within a single mould half. It is a well established

process for tyre moulds, impellers, rotors etc.

Die Castings: This technique yields medium to long runs of precise,
intricate, -mooth surface castings in a wide range of alloys; the

die or mould i{s invariably of cast iron or steel, although refractory
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metal dies based on such materials as tungsten and molybdenum are
employed when casting high melting point alloys, such as stainless
steels. The trend is towards increasingly thinner and more accurate
castings with complete automation of the casting process. Robots

have now been successfully integrated into br ss diecasting production
lines, there are three methods of diecsting: gravity, low pressure,
high pressure.

(i) Gravity diecasting: The process is often used where capital

outlay is limited and where the overall volume of castings
does not justify the high initial die cost of the pressure
diecasting process, and it may be used for smaller scale
production. The moulds are arranged to open and close and be
clamped together manually or mechanically, as they are likely
to be too hot and heavy for hand operation. Metal is ponred
manually and after colidification the casting is removed. The
maximum weight of gravity die castings is around 15 kg, ie in
copper and aluminium based alloys and grey and SG irons,
although very large (35Ckg) relatively simple aluminium alloy
castings are claimed to have been made satisfactorily by the

technique in the USA. Slush casting is a seldum used technique

similar to gravity casting. It produces a hollow casting
without the use of cores.

(ii) Low pressure diecasting: This can be regarded as an extension

of the gravity process but pouring of the metal is more closely
controlled and production rates are higher, Low pressure die-
casting may compare favourably with high pressure diecasting

as regards process capability but has a slower cycle and is
therefore better suited to lower quantity requirements. This
casting process can be completely automated with precise
machine control and weights of castings can range from less
than one kg up to 150 kg. The metals employed are usually alu-
minium alloys (British Standard 1490 of the "LM" series) but

is not necessarily limited to aluminium castings.

(iii) High pressure diecasting: This casting process is widely

used for large volumes -5000 minimum of zinc znd aluminium
castings of intricate shape. Automatic casting machines are
capable of producing castings at the rate of one every few
seconds and components as minute as zip fasteuers, to large
castings such as light alloy automobile engine blocks. In

recent years p,~ssure diecasting has been extended to steels
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and other high melting point alloys. Pressure diecasting tooling and
pressure diecasting machines are specialised and very expensive.
Some information regarding developments in the diecasting machines

and the diemaking equipment is contained in the appendix.

The Accurad process developed by the General motors may be regarded

as a midway betwcen the low-pressure technique and high pressure
tecknique. The prucess is claimed to produce demser castings, mini-
:aum flashing between dies and more accurate aluminium alloy com-

ponents.

The following points are of importance for the production of sound

pressure die-castings in whatever metal or alloy.

1. Use as iow an injection temperature as will ensure complete fil-
ling of the die cavity.

2. Maintain a suitable average die temperature free from sharp local
temperatures gradieats.

3. Position the gate sco that the injected metal does not impinge
directly upon die or core surfsces.

4. Employ an injection pressure high encugh for a strong pressure
pulse to be transmitted through the solidifying casting at the
end of the injection stroke. Where these conditions are observed
the incidence of porosity, shrinkage voids and surface imperfec-

tiorn. is reduced to negligible proportions.

The Centrifugal Casting: The essence of centrifugal casting can be

given by the following outline. "Centrifugal casting force due to
the revolution of mould, whose axis is either horizontal, inclined
or vertical, presses the fluid metal against the interior surface
of the mould, and a better castingz is thereby produced." The charac-
teristics of centrifugal casting are as follows:
(i) The control of wall thickness is easy.
(ii) As rthe centrifugal casting force helps to feed the solid-liquid
interface, the microstructure across the wall is fine and dense.
(i11) Impurities are confined near the inside surface by centrifugal
casting force.
(iv) This method is useful in producing dual metal castings, which
consist of two concentric layers bonded together metallurgically.
(v) This method is ideal for efficiently manufacturing the same
shape and size of products.
On a large scale, th.s process is used for cast iron and $G {sphe-

roidal graphite) iron wacer-pipes; smaller centrifugally cast brounze
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tubes are used for making bearings, and cast iron cylinder liners
for engines are also produced by this process. Centrifugal casting
is also used for the manufacturing of mill rolls (adamite rolls,
high chromium composite rolls). The speed of rotation has to be
related to tihe castings being made. For general casstings, such as
bronze bushes, aboui 200 rpm is normal, whilst for the highest
quality cast iron cylinder liners speeds up to 903 rpm are used.
Figure 6.19a shows the mould and casting design of centrifugally
cast rolls. The bottom and top parts are the dry mould and the
metal mold is coated with refractory to prevent burning. Table 6.10
shows the machine model for manufacturing rolls for hot strip mills,
sleeves and cylinder liners. The complexity of structure control in
centrifugal castings is indicated in Table 6.11. Figure 6.19b il-
lustrates the product size of above machines. Other forms of cen-
trifugal casting include "semi-centrifugal" techniques where a sand
or metal core is provided to form the cental cavity, or that of
pressure casting whereby .entrifugal rotation is used to feed a
mould with metal via a central runner. This method is used for

small castings.

Continuous casting: The high control requirements of the process

and the large amounts of material produced mean that it is a process
unlikely to be of interest fo small scale foundries. Continuous
casting as being of importance for steelmaking constitutes a very
considerable stage of the mini-steel plant concept. For more
extensive infcrmation regarding this cubject the author wishes to
refer to the following UNIDD publication:

Technology profile on mini steel plants.

UNIDQ/IPCT/R.3

December 1986.
Some additional data with respect to the impact of continuously
cast iron (in particular horizontal continuous casting) on the foundry

industry are briefly illustrated in the Appendix.

Guting, feeding and pouring equipment

Cating and feeding

This important part of foundry work ensures that tne metal enters a

casting in as clean and state as possible and as liquid and liquid
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contraction takes place the voids in the solidifying casting are
replenished with molten metal from the feader heads. The desired
features required ¢f a running system are
(i) the metal shoul!d flow quietly without undue turbulence to
completely fill the mould cavity;
(ii) the metal should be distributed in such a manner as to pro-
duce sound castings;

(iii) metal quality must be maintainrd during flow, avoiding oxidaticn
of the metal stream and entrairment of gases, slag or mould
material;

(iv) high velocity metal streams should not impinge directly onto
the mould or core to cause sand erosion or wear of dies, etc.

Running systems used in sand moulds are generally more complex and

varied than in other casting process because of their important part

in controlling the quality »f the castings produced. The terms of
running systems used are depicted in the Figures 6.20a, 6.20b and
6.20c. Runners with ingates are generally positioned to prevent
metal falling large distances in the mould cavity with consequent
visk of splashing and mould and core erosion. Multiple ingates are
advantageous with '"rangy" castings to achieve equal and rapid
disribution of the poured metal. Running system design is Dased on
the practical application of hydraulic studies plus experience in
foundries when pouring particular alloys.

Feeding of castings is an essential part of the art and science of

producing sound castings. These function of a feeder head is to

remain molten longer than the casting and provide a sufficient vo-
lume of liquid feed metal to compensate for the volume contraction
of the particular alloy while the casting is solidifying. Feeder
heads (Fig. 6.21) are therefore, generally large in size to safe-
guard the availability c¢f the relatively small amount of metal
needed to feed the casting. To facilitate the removal of the fe-
eder heads techniques are employed that greatly reduced the contact
area between the head and the casting without reducing feeding ef-
ficiency.

An example of pressurised gating system for red brass alloys is il-

lustrated in the Appendix.
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Pouring and pouring equipment

As mentioned before one of the keys to quality lies in metal-pouring
practices. Pouring of metal (clean and free of slag, in a clean pre-
heated ladle, at the right temperature) should be steady and fast
enough to fill the moulds without entraining of air or scum from the
metal surface. Lack of proper equipment should not be permitted to
detract from gocd procedures. Ladle equipment must allow for proper
pouring rates at the desired temperature (see Table 6.12). The

ladle and the metal should not tax the worker's strength. Overhead
monorails with manual hoists should be used whereever possible.
Ladles must be large enough to pour several moulds so that traffic
to and from the source of liquid iron is held to minimum. Up to 10kg
of metal can be handled in one-man shank ladles, while up to 50-60 kg
can be carried in two-man shank ladles. Above this limit, overhead
lifring facilities are essential. Small- to medium sized moulds are
poured most effectively with one-man ladles suspended and transported
on a monorail. Large castings are poured from geared ladles carried
by an overhead bridge crane. Automatic pouring systems are designed
to operate alongside or over a line of moulds issuing from a high
pressure moulding unit; they are generally based on induction heated
pressurized holding furnaces and the molten metal is dispensed di-
rectly into the mould via a teapot arrangement or through an auto-
matically actuated stopper oerated pouring orifice, sited in an
intermediate tundish. Such systems are becoming established in the
aluminium industry and are also applicable to irons. The widespread
use of immersion pyrometers for measuring and controlling metal
pouring temperatures assist considerable in preventing problems.
Ladle drying and heating equipment, preferably gas-fired, is

needed to prevent the loss of metal temperature that occurs in tap-
ping into unheated ladles. Thorough drying will minimize the pos-
sibility that moisture will remain in che refractory ladle lining

and that the metal will absorb gas.
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Castings

Castings, the products of the metal founding industry, are manufactu-
red in a simple step from liquid metal. Casti~:z is amongst the oldest
and most versatile of the metal-shaping nrocesses. There are virtual-
ly no restrictions to the type of metal or alloy that can be cast,
alcthough it is usually benmeficial to use alloys designed for castings.
Castings are available commercially in a wide range of alloy systems
based on at least the following: aluminium, cobalt, ropper, gold,
"iron and steel"”, lead, magnesium, nickel, platirum, silicom, silver,
tin, titanium, uranium,zinc and zirconium. Special cast alloys have
been developed for the provision of a wide range of requirements
including, high strength, toughness and fatigue properties; performance
at cryogenic temperatures; oxidation, corrosion and wear resistance,

special electrical and magnetic properties, etc.

Iron castings

Iron castings are important engineering materials and they afford
the designer and user the widest selection of properties at the lowest
cost of any available materials.
During the past two decades, iron casting has undergone rapid develop-
ments. Modern iron foundries are now routinely producing castings to
tolerances and metallurgical specifications meeting high level quality
and applicairility demands. Iron castings will continue to be redesigned
into thinner, lighter, more functional shapes to take advantage of
better metallurgy and improved process control. The basic kinds of
cast iron are:
(i) white iron (includes also chilled and mottled iron);
(ii) malleable iron (generally as ferritic or standard malleable
iron, bainitic malleable iror , pearlitic malleable iron);
(iii) grey iron (most widely used for general engineering purposes);
(iv) ductile iron ( also known as nodular iron or spheroidal grap-
hite (SG) iron, and shows ferritic, pearlitic and heat
treated types);
(v) compacted graphite iron {CG).
Each of the above kinds may be moderately alloyed or treated (heat)

without changing its basic classification.

The chemical composition of unalloyed iron suitable for different




Table 7.1a:

CHENNICAL COMPOSITION OF UNALLOYED IRONS SUITABLE
FOR DIFFERENT CLASSES OF CASTINGS

Whase it is intended o make alloy additions 10 0Giain improved propesties, (he analysis given

may 4o when s that of e bess iron. To obsain the maximum benedit from the alloys it is

mmaded w sdd, it will bu nccomary 10 adjust the base composition, befors making the

additions. 00 a8 %0 balancs it with reapact 10 the infisnce of the eloments 10 be added.
Total
Clams of Camting Sizs | Carbom | Sitkicon | Manganess | Sulphur | Phosphorus
Acid Resining Thia 328 20 018 0.05 0.4
Mediam 3.00 (&) 1.0 0.05 0.
Thick 3.00 10 128 0.0% 0.2
Agricalmnl Thin 3 30 0.6C 0,06 13
Medium 30 | 28 0.70 0.08 10
Thick 3.2 20 0.30 0.10 0.78
Air Cylinders T 3.4 1.8 078 0.08 0.6
Medium 120 1.9 .0 0.1 0.4
Anmmtng B e | 39 ] 6% | oS | Sw | o2
" 1 seet. . .
Balls for NModivm 30 0.90 10 0.15 0.6
Bod s Thia 33 20 0.70 0.08 1.0
Modiun ) L7 0.7% o.10 0.18
Thick 32 1.3 08 0.10 0.50
Beahe Shos Medivm 328 LS 1.50 0.10 0.60
Car Wimb Thick 30 1.0 10 012 03
Do.—Chilled Thich b &} 0.7 08 013 03
Countic Fou Medionm 3.2 128 078 0.00 Q3
Ohils Medinm 3 25 0.7 0.08 0.2
Chilled Relb Samll 33 08 0.3 0.08 0.3
Medium 32 0. 0.3 006 04
u‘- 30 06 0.3 w7 0.3
(C:r L 5 | LS 0.7 (X, ) 0.5
Jawms Meodiom 14 1.0 1.0 018 0.s
Lagge 32 0l 12 01° 04
Cylindens—Ammonia | Mudivn 30 (R 1.0 [ R} (1% ]
Do.—Awtomobile Semall 3.28 1.9 0.8 0.0 0.4
Modiem 30 R 1.0 0.1 03
Do.—Gas Engine and]| Small 3s 20 0.6 0.08 0.8
Medium 3.2 1.50 os 0.09 04
m- 30 1.28 1.0 0.10 0.3
Cyliadon—tydraulic - 3.2 1.8 os 0. 040
Thick 30 1.0 1.0 on 0.30
Do.—Locomotive Medium 33 (i 08 0.09 0.78
Do.—Sweam Thick 328 LS 10 0l 0.50
Do.—Motor Cycle Thia 3) K] 1.0 0.) 0.80
Dynamo Fromes Small 328 30 03 G.0% 0.60
Large 3.00 23 03 0.06 0.50
Elsceric Work hia AY )28 0.3 0.06 128
Medium 328 230 0.6 208 1.00
Eagine Frames Medivm 3so|{ 20 1.0 0.08 1.00
Large 328 18 ) 01 0.78
Fan Cooms Medium ) 2.2 1.0 0.08 1.0
Fly Wheshs Thin 3. 20 0.6 0.07 0.7
Metium 32 1.8 0.8 0.03 03
Thick 3o 1.3 1.0 0.0 03




Table 7.1b:

CHEMICAL COMPOSITION OF UNALLOYED IRONS SUITABLE
FOR DIFFERENT CLASSES OF CASTINGS

Total
Class of Canting Size | Carbon | Silicon | Mangunsse | Sulphur| Phosphorus
Friction Clutches Thin o .78 06 0.06 0.7
Medium 38 2.50 0.7 0.08 0.3
Ceans Small 3.5 2.28 1.0 0.08 1.0
Medium 328 1.78 .o 0.09 0.7
Largs 3.00 1.50 1.0 0.10 0s
Glass Moulds Small 1% 2.50 0.5 0.07 05
Medium 3.3 20 0.7 0.08 03
Large 3.20 1.7 10 0.10 0.2
Grate Bars 1" Thick 3.20 1.25 1.0 012 0.3
Grinding Balls Small )28 1.8 03 0.10 03
Grinding Plates Medium 3.3 0.6 0.6 0.12 03
Hardening Pots Thin 32 1.0 0.6 0.06 0.2
Hardware Thin 35 275 0.6 0.08 1.9
Heat Resisting Medium 33 1.6 1.0 0.08 0.25
Thick 3.0 1.2 Lo 0.10 0.10
Hollow Ware Thin 3s 2.7 1.0 0.07 1.5
Ingot Moulds Medium X 1.5 1.0 0.06 01
Large 33 1.2 1.0 0.05 0.1
Machine Tools Thin 3.50 2) 0.75 0.08 1.0
Medium 328 2.0 1.0 0.} 0.75
Thick 3.00 1.2 1.0 0 0.50
Mine Car Whesls Medium 30 1.0 0.7% 0. 0.40
Mowen Thin 38 25 0.50 0.1 1.0
Omamental Work Thin 3.6 30 0.50 0.05 1.2%
Medium 3.3 2.8 0.60 0.05 1.00
Thick 3.2 2.50 0.70 0.06 0.7%
Permanent Moulds | Medium 33 23 0.90 0.07 04
Do.—M. Castings Medium 3.2 Jo 1.0 0,06 0.8
Piano Frames Medium 4 2.8 0.8 0.08 0.6
Pipes (Water) Thin 33 2.8 0.6 0.1 1.0
Medium 3} 2,25 08 0. 1.0
Do.—(Steam) Medium 3.28 1.50 09 0.07 0
Pistons (Automobile) | Thin ) 1.8 0.7 0.1 0.7
Do.—Rings Thin 38 20 0.7 0 0.7
Medium 328 1.78 0.8 0.\ 05
Plough Points Thin 3.28 1.0 09 0.08 03
Pulleys Thin 36 275 1.0 0.07 1.0
Medium 33 225 1.0 0.08 0.7%
Thick 3.0 1.78 1.0 0.10 0.6
Radiators Thin 38 2.3 0.7 0.06 08
Rolls Medium )2 0.7 03 0.} 04
Large 3.0 0.6 0.5 0.} 0.2
Soft Caslings Thin ) 278 0s 0,08 0.6
Medium 3.8 2.50 0.6 0.06 0.8
Slag Pots Medium 33 1.70 0y 0.07 0.2
Siove Plates Thin 35 2.7 0.5 0.06 1.0
Medium .28 2.25 0.6 0.08 1.0
Typewriter Frames | Thin )8 230 0.3 0.07 1.0
Vaives Thin 3} 2.2 0.6 0.07 06
Medium 3.0 1.8 0.8 0.08 0.5
Thick s 1.2 1.0 0.1 03
White lron Castings | Medium 30 08 0.4 0.15 0.5
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Table 7.2:
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Table 7.32:
Typical fatigue propertita for various cast irom.
Tonsile Unnotched fatigus V-notchel 14t igim
Type ~»f cast fron strength EEa L EEEEEE R L
Kba Fatigwe limit ndurance Vatbyue limir Benibin § fon
L] L2 [TTH I 4
20 138 [ 3} 0.46 [ 3] 1.0
2% 172 82 0,48 v 1.us
Greay iron ] 206 103 0.% ve 1.1
232 152 0,65 we 1.4
294 169 0.54 (B 1] [ Y. 3
CEpIERY Ty . —— e =
Nallisaole territic 329 193 0.58 111 $. 82
jzon Paarlitic $70 s 0.46 54 1)
PUUUI SRR
Ductile 60-45-12 M0 210 0.4} 145 1.4
tron 80-55-06 2 e 0.4 fob 1.7
120-90-02 M 30 0.3 a9y 1.6
[ S
cG ferritic »e 7 0,46 ton V.27
irom Peariitic “"e 109 0.45 e V.72
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svamary of teniile and hardness propecties for warious cast iron.

———— e
yield stremyth Tensile Brineel matulur o
yrades of cast V. 158 ol faet strength Elongation rlasticity Kemark
iron St N/and s n/mml hardneas pst wre
x [ "!- .-J
grey irom class 25 15000 103 25000 (4] i w7 6.6 e
ASTR A48-47 { class 20000 131} 30000 206 wil 207 [ 3 XY vy
class 40 25000 \X}) 45000 no ml 23S m.2 " ]
TR
Malleable ferritic 32000 220 $S0000 345 10 174 22.8 ta 97 v,
irom pearlitic 60000 414 . -301 24.0 10
40-90000 275- | 105000  72e 1-10 241-30 22.9 ta 194t
620 25.4 wn J
Compected e 65000 440 65000 443 I8 min n71-2w .1 117 ﬁ v Prarlite
grapnite 2 So0o 345 $0000 345 1y min 163-241 to ter we men
1ron 3 40w 276 400U 270 3-S5 min 1-179 23 F Y 1is-90n
1N max.
6uU-40-18 60000 a"e 40000 276 1] ve3-187 33 112 lercite
Ductile "S-85 12 65000 48 45000 30 "2 VIu-207 o o Terzite &
iron pwarlite
ASTH J-55-06 80000 552 5000 7y 3 W7-255 2 tin jearkite &
A-536-77 territe
10U~70-03 | 100000 690 70000 @) 3 217-269 J pearitte
Y2U~90-02 | 120000 [} ] 90000 621 2 240- 300 temperad
martensite
Table 7.3c:
e v—————
INFLUENCE OF THE ELEMENTS NORMALLY PRESENT IN CAST IRON O THE PHYSK AL PROPERTIES
Combined
Element Fluidity Sofiness Shninkage Strength Density Chill Sulphur Carbon Graphite
Combined
Carbon Decreases  Dexreases Increases Increases Increases Increases Neutral - Dexreases
Graphite Increases Increases  Decreases  Decreases  Decreases  Duvreases Neutral Decrzases -~
Silicon Increases Increases Decreases  Decrcases  Decreases  Decreases  Decreases  Devreases Increases
Manganese Increases wpw % Liule Increases Increases  above 1% Decreases  Inc Dex
Increases effect Increases
Sslpher Decreases  Decreases  Increases  Decreases Increases Promotes - Increases Dexrease-
Phosphorus Increases  Decreases  Aggravaies  Decreases Neutral Little Neutral Tends 10 Neurral
effer Incre. e
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INFLUENCE OF SOME ALLOYING ELEMENTS UseD ix THE PROOUCTION OF CasT Inon UroN 1Ts STRUCTURE

Percentage
Element frequently used Effect on chill Effect on structure Comments

Alumjision Upo20 Redwces. Stabulises Fernite. Generally used in small
1.0% is approximately Increases and coarsens percentages as a de-
equivalent to 0.5% Sili- the Graphite. oxidant and sLavenger
con. Decreases the hardness. valy.

Chromiam 0.15 10 1.00 Increases. Stabrlises Cementite. Used for hardness, chill-
1.0% approximately neu- | Reduces and refines the ng power and wear
tralises the graphitising Graphite. resistance.
effect of 1.0% Silicon. Increases the hardness.

Copper 051020 Decreases. Tends to increase and Tougheas the mainy and
1.U% s approximately refine the Graphite. increases the fluidity.
equivalent 10 0.35% Sili-
con. Assists in control
of chill depth.

Mangaaese 03w L.25 By firet combiaing with Stabilises Austenite. Albso acts as a deoxadiser.
Sulphur # tends 10 Refines the Graphite and | Gives grain refinement,
reduce the chill. In Pearine. density and increased
excess of this amount it flusdity.
increases the chill.

1.0% of Manganese neu-
1ralises about 0.25%
Silicon.

Moelybdensms | 0.30 10 1.00 Increases. Refines the Graphite and | Used chicfly in combina-
1.0% is as effective as Pearlite. tion with Nickel, Cop-
about 0.33% Chromium per and Chromium in
and neutralises the effect the production of high
of 0.35% Silicon. strength irons.

Nickel 0..:: 10 3.00 Decreases. Stabilises Austenite. Improves ihe dausity
| 0% is about equal to Refines the Pearlite and and toughness. Evens
0.33% Silicon and offsets | Graphite. out the hardness be-
the chilling effect of tween light and heavy
about 0.33% Chromium. sections.

Siicon 0.5 10 3.50 Reduces. Stabilises Ferrite. Sofiens. weakens and
Increases the quantity imparts an open grained
and coarseness of the structure.

Graphite.

Tianiem 0.05 10 0.10 Decreases powerfully. Incrzases but refuses the Used chiefly as a de-

Graphite. oxidiser and degasser.
Improves fluidity.

Vaasdium 0.15 10 0.50 Increases strongly. Stabilises Cementite and | Increases hardness and
1.0% Varadium offsets improves the structure resisiance (0 wear and
the chill reducing influ- of the chill. heat.
ence of about 1.75%

Zieconkam 0.1010 0.30 Mildly reduces. Assists formation of Reduces hardness. De-

Graphite oxidises and imoroves

the fuidity and density.
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Table 7.5:

Coamonly Desired Composent Charactsristics and Metal
froperites Related to Them

Deasired
Componenat Characteristic Related Macerial Property
Static stranqth Yield strength
Dynasic strength Endurance (fatigue) liait
Shock overload Crack propagation ensrgy at
service tamperature
+ Wachinability Ricroatructure and hardness
Wear resistance Mardness and aicrastructure
Weight dens ity
Vidbration anscrption Specific dan;ing capacity
Corrosio: resistance Allcy contesz or Coatiag
Sirencth 8% Ismperatire 3%ress rL.T.re $TrenCIR '
Accuracy Stress Te.:eved '
! as f:nished 35338 oF e_2sTiziTy :
v under icad 2 wnerTal expABIIE
at tempersture vs. et ¥ dTer Cippurecia _
'
under ioad at tesperature CIe®p Tactt '
Gxidizstion cesistance Alloy conlers i
Beat shock resistance Thersal fstigue-Related to |
thersal -onductiwvity divided by
L modulus =i elasticaty

Table 7.6:

Advantages of using magnesium-ferrosilicon

| LOW COSY By using sificon mstead of more expensive carriers,
nuguyuwhnmiansavannmxdﬁmndadﬁu
magnesium 10 iron. The low ievels of magnesium in Ek2m
wmmmmm

2 INCREASED CONSISTENCY The lower magnesaam content in Elkem magnesium-ferrosiicon
reduces reactivity and gives more consistent results. Use of the
grades neutralises contaminants ir; iron that
hndaﬂnkmmanndUnnumhrqun!gmau!

3 DETTER ENVIRONMENT The less reactive alioys offered by Elkem uﬁ:cym*e
adﬁneﬁnndgnduauhnrixt:ﬁ:::du
mmﬁhpndnsdbwuwmumnmd»ammdauhnnnwﬂnm

4 WIGHER DEGREE OF NU YEATION ﬂnammdhdahum-douunbnbm
properties. These ingredients akso reduce the amount of post
moculant needed 10 get as cast, carbide-free structures.

Typical nodulariser snslyses

% Range My o C A %
!nllw -6 04-06 06-10 0.5-10 %-50
High & 56 0812 08-1.2 0.5-10 46-50
Remag 25-35 1.75-25 0408 05-10 46-50

Hoh Mg -1C 0406 06-10 0510 46-50
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classes of casrings are given in the Tables 7.1a and 7.1b, and

Table 7.2 illustrates the mair foundry characteristics of various
kinds of cast iron. A summarized illustration of typical properties
for various kinds of cast iron is given in the Tables 7.3a and 7.3b.
The influence of the elements normally present in cast iron on its
physical properties can be obtained from table 7.3c. The high

alloy irons, generally containing over 3% of added ailoy, can also be
classified as white, grey or ductile iron, but the high alloy irons
are classified commercially as a separate group. In these irons,

the alloy content (up to 50%) is sufficiently high to change rather
than just modify the properties of the base iron (see again the
Tables 7.1a and 7.1b). To obtain the maximum benefit from the alloys
it is intended to add, it will be necessary to adjust the base compo-
sition, before making the additions, so as to balance it with respect
to the influence of the elements to be added. The information neces-
sary for this purpcse is given in the Table 7.4. The functional
requirement of a product or component may be simple or quite complex.
For some applications, concern may only be necessary for the manu-
facturing proprties such as machinability. for other uses, there may
be several critical requirements. Some of the common component re-
quirements and the metal properties relatel to each requirement are
listed in Table 7.5. Some special requirements (e.g. very low thermal
expansion, non-magnetic characteristics etc.) are usually specialised
by their chemical compositions, e.g. high silicon iron, high chromium
iron etc. An illustrative example to this regard is afforded by means

of Table 7.6 and Figure 7.1.

Steel castings

The production of steel castings is more difficult than the production
of iron castings, due principally to the fact that the melting puint

of steel is higher than that of cast iron so that higher melting and
pouring temperatures are necessarv. It is not possible to melt steel

in cupolas nor in rotary furnaces. Steel may be melted in some types

of crucible furnace; however most steel foundries use electric furnaces.
Medium frequency iduction furnaces, although expensive, are the most

suitable for steel castings. Arc furnaces may be used for producing heats
of 150 kg and greater. Maintenance problems are less critical compared
to induction furnaces.

If special types of alloy stecel are being made - for exumple for wear

or corrosion resistance-it may be necessary to us: special basic
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(Chromite or Magnesite) furnace linings. Many steels can be made from
scrap, although it is likely to be necessary to check the composition
in a laboratory and to add ferro alloys or alloying metals if close
specifications have to be met. Control of the melting operation and
metal composition is even more important for steel than for cast iron.
Steel castings have different shrinkage behaviour from that of iron
castings. Pattern design, runner systems and other techniques are
different. In particular steel castings require larger feeders to
ensure the absence of shrinkage cavities. The yield of good castings
to metal melted is therefore usually lower for steel than for cast
iron. One advantage of steel castings nver cast iron castings is their
weldability, so that they may be repaired if necessary and joined to
other components by welding. Steel castings may be made in green

sand moulds (without coal dust), shell moulds, dry sand, CO sand

and other types of moulds. Some types of chemical binders mgy have

to be specially selected for steel castings to avoid the risk of
surface defects. Most steel castings have to be heat created
(normalised or annealed) after casting or after weld repair. Heat
treatment furnaces fired by oil, gas, electricity or solid fuel,
should be well insulated to avoid heat wastage. A typical heat
treatment is to heat the castings to 850°C and hold them at that
temperature for 2 hours. The castings are then cooled slowly in

the furnace to anneal them, or withdrawn from the furnace to cool

in the air if they are to be normalised. Furnaces capable of pro-
viding controlled heat treatment at this temperature have to be
carefully designed and constructed. In general the production of
steel castings requires more specialised equipment and more
complicated technical processes than does the production of grey
iron, aluminium, or bronze castings. An experienced small-scale
foundry should not attempt to produce steel castings without
comprehensive external advice and assistance.

Table 7.7 briefly gives the American Specifications for steel castings.
For more information regarding steelcasting the reader be referred

to the UNIDO publication IPCT/®.3, December 1986.

Non-ferrous metal castings

Aluminium: Aluminfium castings should ideally be made from different

alloys from those which are generally used for rolled aluminium
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AMERICAN SPECIFICATIONS FOR STEEL CASTINGS

Carben and Low Alley Cast Steels

A 27-62 Mild to Medium-Strength Carbon-Steel Castings for
Genera! Application.

A 148-60 High-Strength Steel Castings for Structural Purposes.
A 216-63T Carbon Sieel Castings Suitable for Fusion Welding for
High Temperature Service.

A 217-60T Alloy Steel Castings for Pressure Containing Parts
Suitable for Higk Temperature Service.

A 352-60T Ferriiic Steel Castings for Pressure Containing Paris
Suitable for Low Temperature Service.

A 356-60T Heavy-Walled Carbon and Low Alloy Steel Castings
for Sicam Turbines.

389-60T Alloy Steel Castings Specially Heat Treated for Pressure
Containing Parts Suitable for High Temperature Service.

A 486-63T Steel Castings for Highway Bridges.

A 487-63T Low Alloy Steel Castings Suitable for Pressure Service.
1962 Automotive Steel Castings.

M 201-62 Steel Castings.

Am. Bur. Shipping Steel Castings—1964 Rules Edition—
Machinery and Hull Castings.

Eiﬁ%%%%%%%%%

Lioyds’ Register of Shipping 1963—Steel Castings.

High Alloy Cast Steels

ASTM A351-63T Fertic and Ausienitic Steel Castings for High Temp.
Service.

ASTM A447-50 Chromium-Nickel-Iron Alloy Castings (25-12 Class) for
High Temp. Service.

ASTM 448-50  Nickel-Chromium-Iron Alloy Castings (35-15 Class) for

High Temp. Sesvice.

MILITARY MIL-S-16993A December 1954 Steel Castings (12 per
cent Chromivm).
MIL-S-867A December 195) Stsel Castings Corrosion
Resisting A L

Table 7.7
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products. Most aluminium castings are made from alloys with about
5%, 7% or 13% silicon.Tables 7.3a, 7.8b anu 7.8c illustrate alumi-
nium casting alloys, their characteristics and their chemical com-

position according to the British Standards 1490, respectively.

Copper: The most commonly produced copper casting alloys are brass
and bronze. The original bronze alloys were of copper with tin as

the main alloying element. Such a wide variety of bronze and gunmetal
alloys 17w exist, however that it has become necessary to classify
them according to their basic chemical composition. Table 7.9a gives
some examples. Table 7.9b shows the order in which various elements
are added in the alloying of copper anid nickel alloys. The base metal
with which the melt commences is usually marked as "1", whilst the
various elements added afterwards are marked under their respective
heading with the number giving their stage of addition.

Example: GUNMETAL. 887% Copper, 10% Tin, 2% Zinc. Charge crucible

with "1'" copper, then add "2'" tin, afterwards "3" zinc.

Table 7.10 summarizes outstanding characteristics of castin; alloy

groups, as influences in characteristics. -




LMO
LM2
LM4
LMS
LMé
LMY

LM10
LMI2

LM
LMI6

LMI8
LM20
LM21
LM22

LM24
LM2S

LM26
LM2?

LM28

LM29
LM30

ALUMINIUM CASTING ALLOYS—LM SERIES

USES AND GENERAL REMARKS
Table 7.8a

Mainly used for sand castings for electrical, chemical, and food
applications.

One of the two most widely used alloys for all types of die castings.
The most versatile of the alloys; has very good casting character-
istics and is used for a very wide range of applications. Streng\n and
hardness can be greatly increased by heat treaiment,

Suitable for sand and chill castings requiring maximum resistance
(0 corrosion, ¢.g. marine applications.

Suitable for large, intricate, and thin-walled castings in all types of
moulds; also used where corrosion resistance or ductility is required.
Used for applications especially low-pressure die castings requiring
the characieristics of LM6 Lut higher tensile properties following
heat-treatment.

Mainly used for sand and chill castings requiring high sirength and
shock resistance. Requires special foundry technique; heat-ireated.
Mainly used where a very good machined surface finish and
hardness is required.

Mainly used for pistons.

Suitable where high mechanical properties are desired in fairly
intricate sand or chill castings. Requires heat-treatment.
Combines good foundry characteristics with high resistance 10
conosion.

Mainly used for die castings. Similar to LM6 but a little better
mJachinability and hardness.

Generally similar 10 LM4-M in characteristics and applications but
better machinability and higher proof strength.

Used for chill castings requiring good foundry characteristics with
good ductility. Requires heat treatment.

One of the two most widely used alloys for all types of die castings.
Suitable where good resistance 10 corrosion corm.bined with high
strength is required.

Mainly used for pistons as alternative to LMI13.

A versatile sand and chill casting alloy introduced as an aliernative
10 LM4 and LM21L.

Piston alloy with lower coefficient of expansion than LMI13.
Requires special foundry technique.

As LM28 but lower coefficient of expansion.

For unlined die-cast cylinder blocks with low expansion and
excellent wear resistance.

The Tables appearing on pages 127-138 inclusive are based on data given in
The Properties and Characteristics of Aluminium Casting Alloys, published
by the Association of Light Alloy Refiners and Smelters (Alar), London.




Table 7.8b:

1] Sand Chill
1490 casting casting

LMO

LM2

LM4

LMS

LMé

LM9

LM10
LMi2
LM
LMié
LMis
LM20
LM2}
LM22
LM24
LM2s
LM26
LM2?
LM2s
LM29
LM30

*Not normally used in this form.
E—Excallemt G—Good F—Sair
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Table 7.8c:

8BS
1490
LMO
LM2
LM4
LMS
LMe6
LMY
LM
LM12
LM}
LMI6
LMIX
LM20
LM2H
LM22
LM
LM23
LM
LM?
LM2K
LMY
LMY

*—single figures in this 1able are maxima b—0.2% in castings

Co
0.0}
07-2%
2040
01

ot

(1]

(1N}
90-110
0.7-1.8
10-1.%
o

[iX )
X0-50
282
3040
0
2040
1.5-2.5
1.3-1R
0X-1.3
40-%0

Mg
0.0}
0.30
0.8
10-60
a0
0.2-06
9.5-11.0
0.2-04
0.8-1.8
0.4-0.6
0.10
02
0.1-03
0.0%
0.1
0.20-0 43
0518
0.3
0.8-1.8
0.8-1.3
0.4-0.7

S

0.0

9.0- 118
4.0-6.0
03
10.0-13.0
10.0-13.0
0.28

2.8
10.0-12.0
4.5-58
4.8-6.0
10.0- 120
$.0-7.0
4.0-6.0
7.5-9.%
6.5%-7.8
R.8-108
6.0-80
17-20
22-28

16- IR

Citemu al COMPOSITION (7))

Fe
0.40
1.0
0.X
0.6
06
0.6
0.3$
1.0
1.0
0.6
0.6
1.0
1.0
0.6
1.3
05
12
0.8
0.7
0.7
N]

Mn
0.0}
08
0.2-0.6
03-0.7
(X
0307
010
0.6

08

08

0.5

038
0.2-0.6
0.2-0.6
0.8

03

0.8
0.2-0.6
0.6

0.6

0.3

Ny
00}
08
03
0.1
[N}
0.1
010
0.4
)8
0.28
0.1
0.1
0.3
018
0.8
01
1.0
03
08-1.5
0.8-1.3
0.1
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Table 7.9a:

COPPER ALLOYS—BRONZES AND GUNMETALS

TIN BRONZES:—Copper-based alloys having tin as the main alloying
clement. Alloys having between 3% and 7% tin are not normally produced as
castings but in billet form for subsequent drawing or rolling operations.
Alloys containing between 15% and 20% tin are widely used for the casting
ol' bells. Ay the tlin content reaches this magnitude, the alloy becomes

harder and difficuit (0 machine.

PHOSPHOR BRONZES:—Copper based, having from 5% up to 10% tin
as the main alloying coastituent together with an intentional phosphorus
addition which may vary from 0.5 to 1.0%. These alloys are used to make
what are widely known as phosphor-bronze bearings. Tin provides the
necessary toughness for the alloy whilst phosphorus additions give castings
the necessary hardness and therefore, wear resistance.

GUNMETAL:—Copper based, with tin and zinc as the alloying
coastituents. Tin usually predominates and an example of this type of alloy
is Admiralty gunmetal, 88% copper, 0% tin, 2% zinc. This alloy is used for a
variety of purposes, ranging from casting of gears and bearings to hydraulic
castings and castings subjected tc moderate stresses.

LEADED GUNMETAL:—Copper based with tin, zinc, and lead present
in varying proportions. Numerous alloys of this type exist, a widely known
euuphbuu”/S/S/Salloy in which tin, zinc and led are present in equal
propottions. These alloys are extremely popular thoughout the world and
are used for a aumber of purposes, mainly in the casting of hydraulic
cumpoaents, plumbers’ fittings, etc. They are also used as bearing alloys

ing under moderate loads.

LEADED BRONZE:—Copper-tin, or copper-tin-phosphorus alloys
containing from 3-15% lead. These alloys ar¢ used almost exclusively for
casting heavy duty bearings, in which wear resistance combined with the
abality to undergo plastic deformation is required.



Table 7.9b:

(A

Phos.
Copper | Tin | Zinc | Lead | Nickel| phorus Remarks
Brass ! - 2 - - - Stir very well
after zinc has
been added
Naval brass | 2 3 - - - Stir very well
afier zinc has
been added
Gunmetal 1 2 k) - - — Stir well e /~re
copper, \in, pouring
zinc, such as
83/10/2
Gunmetal | 2 4 3 - — Stir very well |
with lead such hefors pouring
a8 88/5/3/8. et
Bronzes 1 2 - - - - Stir wall before !
such as 90% puL.ng
copper, (0%
tin
— - — (1]
Phosphor | L] "i Stir well
Nichal silveror | ***2 3 S S hidd | - Stir very well
white metal if any
Cupro nickel or | **°2 -— - - vee| -— Stir welt
nickel bronzes

*Deoxidiss well with deoxidising tubes DS before “2" is added.

**Phosphorus is best added as phoephor

the other hatf sferwards.
*seCharge the total amount of nickel, then add as much of the copper as crucible wifl hold.
Then commence melting and continue (0 add copper as melt proceeds in the usual fashion.

copper. Half the total amount before “3" is - dded,



Tabl~e 7.10:

OQUTSTANDING CHARA

CTERISTICS
INFLUENCES IN

OF CASTING ALLOY GROUPS. AS
SELECTION

Alloy type Main positive charactevistics mmw
Cast iron (grey) Low cost combincd with Manhole vover . tunncl segment :
appreciable hardness, tensile lathe bed : ic. cylinder block : brake
streagth and rigidity ; high drem ;. mgot mouid : gear blank :
compressive sircagth ; ngh piston nag
damping capacity and thermal
shock resistance ; excellent
hqligmnﬁisknomnﬂn
designs
(ductile. mallcable  Higher teasile strength with Crankshaft ; agricuitural implements:
and special) ductility : wear resistance . ball auil iner . pump and valve
corrosion resistance - low or components for acxd plant
woderate cost
Steelicarbonand  High yicld and teasile streagth, Track limk : sircraft undercarriage
low 3’loy) suiffncss and stromngth-weight member . mill housing : dic block ©
ratio. combmmed with toughacss beavy duty gear blask
and fatigue resistance. at moderate
cost
(high alioy) Corrosion resistance under 2 wade  Water turbme runner ; pump and
sange of conditsons ; resistance 1o valve compocents . gas turbme
Iagh semperature creep and casing ; radiant tube ; tube support ;
OxddstI08 ; 2083108 resisiance carbunsing box ; excavator bucket
lwp; rock cresaer aw
Copper alloy Corvosion resistance, especially (o Marime propefier : hyds 2ulic and
seawaler. combined with high stcam pemp and valve cou " aents
sireagth if required ; bearing rolling mill bearing : swit  (var
properties ; electrical properties contacts ; gear blanks
Alumisium afloy  High stireagth -weight ratio; Clutch housing : astomotive piston :
useful corrosion resistance. ic. cylinder head ; exhawst manifold ;
especially 10 atmospheric raarine fittings ; beer cask
corrosion ; high thermal diffusivity ;
compreheasive range of cast
products and alloys available at
moderste cost
Magnesium siloy  High strength-weight ratio; low  Crankcase; transmission casing
density ; intricate sand and dic bimocular body
castings available
Nickel alloy High corrosion resistance ; stroag  Pump and valve components for
resistance 10 high temperature chemical plant ; gas turbine biade
creep and ozidation
Zmc alloy Pressure die cast forms give Radiator grifl ; door handle
fatricate components of reasonable  carburettor body
strength and toughaess by mass
production st low cost
* The wiocted ssamplon, sypecal. see mosther fally

o
prorsetelbundop i Hgy L i




Finishing of castings, quality control and reclamation

Finishing of castings

After cooling and solidifying in the moulc -for from 20 minutes to

24 hours depending on size- castings av: se-arated and removed from

their sand me: 1s and boxes by hand or by =eans of equipment such as

shaking beams, vibrating knock-out grids, punch and devices, rotating

drums, or by shot blasting units. The operation is dusty and noisy

and suitable environmental control measures must be observed. Castings

are then ready for their finishing processes and the type, number

and sequence of these depend upon the composition and quality requi-

rements of the casting and the process by which the casting was made.

Finishing costs can constitute up to 30% of the total process costs

for ferrous castings.

Finishing involves: (i) cleaning, the removal of moulding materiai
and scale,

(ii) removal of =xcess metal such as feeder heads,
runner systems, and any metal that is super-
flous to the casting,

(iii) removal of blemishes and defects; rectifi-
cation is usually affected by welding,

(iv) smoothing over of weldments, areas from which
metal has been cut, or any rough areas on
the casting surface, generally by grinding.

These operations may be referred to as fettling or dressing. Finishing
in a wider sense includes also heat treatment, checking, gauging,
straightening, testing and inspection and in some cases, surface
treatments such as polishing, plating annodizing, painting, etc.
Tables 8.1a and 8.1b illustrate characteristics of some finishing
operations. Figure 8.1 shows as an example the sequence of operations

for finishing plain carbon steel castings.

siethods of cleaning castings: The methods available for cleaning

castings are many and varied selection depending on cost and appli-
cation. In some non-ferrous applications shot blasting is too severe
and alternative methods are required. Principal cleaning methods are:
wire brush, water blast (hydroblast), chemical method: (pickling,
ieaching), tumbler barrel, vibratory cleaning, ultrasonic cleaning,
powder brushes, air blast cleaning, shot blasting. The most common

method employed for cleaning castings, is shot blasting.




Table 8.1a:

CHARACTERISTICS OF CLEANING OPERATIONS

Remark ¢ vk rerpect 10 adapratiun by

or 10 cown in the final stage. Technique
genarally used for long run castings

Table 8.1b:

———————————-——v

L Pt H Sheaw Out }-.[ z;,':',f, J

Operanen Techmiques used dereluping coumtries T
Grerwrat Aoruwe Henive Healt
Knuck-down By hand with shocks and hammers Correct notching on gates and nisers allows Drerving H"“'" |' I Hut Cortes l
easy breaking buth during and afier knuck-
Ing out Gunege Weld
By power with disc saws, abrasive discs, Except for special cases, the uve of abrauve et Detects Urin iy
presses, and other equipment discs and of poriable 10ols may be best
Sandblasuing In compressed air cabin Advisable for large 10 medium (greater than
(partcular care must 50 kg) size castings. This 13 a cheap method. m m
be paid to dum re- R y table or ¢ y belt technique with The type fitted with small chimber seems O
moval from abrasive abrasive throwing impeliers be the most suitable T Forer Avert
steel shot) Suspended tadble or monorail belt 7schnique A good but expensive means for continuouy Clvenr eagron lion Nepaich
with abranive throwing impellers production
In tumbling barret with castings and abrasives Suitable for rough castings. Cheap, noisy and
not very productive —Sequence of operutions (or tnihing plain carbon stech contings
Finishing
Chupping Hand operated pneumatic tool on bench or Pneumatic tools are used on fixed bench for Figure 8.1
conveyors «mall castings or on the floor (or large 10
medium casuings
Press operation Machines are arranged 10 trim casting residues Only for nodular cast iron castings

Operatina

Teohmigues wied

Remark v wih 1opect in adupration b,
o topme couniris

Grinding

Heat treatment

Checking

Casting cumpositivn
analysy

Viual

Dimensiunal

Surface wntegrity

Metallurgic structure
internal integrity

Mouiding sand

Portable air grinder
Swing ur supported fived grinders and <pecial
and muluple grinders

Single ur double hearth furnaces
Continuous furnaces
Standard vr neutral atmosphere

Chemintey, spectographs. and cther mean,

Lights and magmitving ienses

Gauges. nspection  lixtares,
instruments

Penctrating Nuids—different techmques create
and detect magnenic field

marking-of

Reflectiun micruscope

Penetrating adiatiun ncluding Xerass and
ulirasonic .ibration

Instrumenta tor cheching hardness, humudity,
strength, permeadility and grade fineness

Portuble grinders may be used for medium
and large castings. Swing or pedesial
supported grinders are recommended for
sl castings

A double hearth furnace could be used ror
special and spheradal graphilz castaron
treatment Ughtness ¢ould be arsured by
means ol sand and lute

Dietined vandards nust 9«
T be manulactured in-house

The used penetrating Auids should be surficient
for most cases. A carefu' inspection may
require the use o' 1 magneloscope

A N0 1o 2000 magnification
microscope

An Xeray apparatus 30 kW may be bought
for Jarge-scale productions

wptical
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Blasting can be defined as: the cleaning, smoothing, roughening or
removing of part of the surface of any article hy the use of an
abrasive, of a jet of sand, metal shot or grit, or other material,
propelled by a blast of air or steam or by a wheel.

Types of shot blasting equipment: Shot blast rooms and cabinecs

have the advantage of flexibility and effective cleaning through the
close control of the hand-held hose. The final choice of equipment
is to be governed by the type, size and output of castings. Tables
8.2, 8.3 & 8.4 illustrate the variety of machines available and

can be used as a general guide for machine selection.

Types, grades and size of abrasives: The correct choice of abra.ive

type will have considerable influence on whether the objectives of
the process are met at the optimum cost. Metallic abrasives appear
in two major forms, shot and grit. Non-metallic abrasives, eg alu-
minium oxide, glass beads, etc are used where iron contamination is
not acceptable - as on stainless steels and non-ferrous metals.
Table 8.5 lists principal types of metallic abrasives. To obtain
optimum cleaning conditions, a "balanced" mixture of particle

sizes is required in the machine. Tble 8.6 is intended as a guide
to the grades of chilled iron and steel abrasives in general use.

Shot blast process and its operation: Having selected the best

abrasive type and size for a given application it is essential that
users carry out the correct operating procedure being dependent
upon the following criteria:
(i) process requirements
(11) process control
(i1i) operators training
(iv) process problems and their proper solution
(v) disposal of waste material (if recycling or further use not
possible)
Table 8.7 afford possible solutions to common problems encountered
in sand blasting. Maintenance: Shot blast machines are maintenance
intensive since they are subject to a high rate of wear relative to
operational time when compared to most ocher items of foundry plant.
Table 8.8 can be used as a guide for the design of a preventive

maintenance programme. Costs of shot blasting: The cost of work

processed can differ widely because of a plethora of reasons, e.g.
machine characteristics, work handling, abrasive type, rework,
maintenance etc, but most important of all is the human c¢lement. No

matter how carefully the parameters of the process are monitored




Table machines

Size and type of casting

Features

Notes

Type of machine
Plain table Mixed loads, usually medium 10 1 10 3 impellors Table rotates. Suitable for
large castings (15-40 hp) fragile castings
Swirz door table Mixed loads, usually medium to 1 10 2 impellors Can be of singie or double
large castings (20-40 hp) door type
Twin-table e — Medium 10 smalil parts | impellor
shuttle type e (18 hp)

Muhti-satellite table

Flat castings

1 to 2 impeliors
(20 hp)

N.B. A (eature of all 1able machines is that castings must be physically turned over to expose the surfaces 10 be shot blasted.

- 7ol -




Table 8.3: Tumble machines
Trpe of machine Sketch I Size und type of casting Features Notes
Batch barrel Very wide range of casting weights, 1 to 2 impellors Thorough cleaning of ali
but castings must he robuat, (5:75 hp) faces
1
| Continuous As for batch, 1 10 2 impellors 5
barrels (25 hp) v
!
—
Continuous 0 o Mixed louds, small 1o mediun Up 10 8 impellors Very high output.
oscillating V © o castings (30 hpy)
barrel Ny :
]




Table 8.4:

Continuous muchines

Type of machine

Sketch

Size und type of casting

Features

Notes

Continuous table

Smail 10 medium

1 10 3 impellors

Operator loads, turns and
unloads castings on the exposed
segment of the table

Continuous belt

Small 10 medium

1 1o 3 impellors

Rubber belt with
downthrowing wheels

Multi-wheels

Casting powered into

Hook Very useful for medium to large
complex castings 110 4 impellors and out of cabinet on hcok
(1530 hp)
Monorail Medium 10 large Multi-wheels High production rates.
{20-40 hp) Can be used as knockout
machine
Medium — cage is designed 10 suit Multi-whee! Special purpose machine

Ram cage/tunnel

the casting

very high output, Casngs
or cages rammed against one
in front as they pass
through shotblast tunnel,

- %01 =

-—




Table 8.5:
. Thatactersas of principal (ypes of ahrasive

Abrasive type

Typical hardaess

Guide specification

Microstructure

Chilled iron $6-64 RC 2.80/3.20 1.00/2.00 0.50/1.50 0.20/1.00 0.50/1.00 Network of carbides
%C s Si S »"p L] in a mateix of martensite
Malleable iron 30-40 RC As for chilled iron Nodules of iecmper carbon
in a matrix of pearlite
Cut wire peliets Cut from wire with a 1ensile sirength of 161180 Kg/mm’
Stee! 40-50 RC 0.85/1.20 0.40 min. 0.0 max. 0.0 max. 0.60/1.20 Uniformly tempered
%C "eSi S “P %eMn martensite with fine,
well distributed carbides
Table 8.6:
Typical grades of steel and chilled iron abrasives used for cleaning various castings
Shot (raund) Grit (uagulur)
Castiags BSI/SAE BS! SAE Nominal size (mm)
Grey iron ‘
Large $330-S460 G33-Gd? Gl4.Gl6 1.4071.20
Medium $460-S390-8310 G47.G9-G)4 G16.G18-G23 1.20/1.00/0.85
Small $330-5230 G4 G2s 0.85/0.60
Malleable
Large $530-S460 (i85-G47 Gl4:.Gi6 {.4071.20
Medium S$190-S310 GI-G4 GIR.G2S 1.00/0.88
Small $330-5230 GGG Gi23-G40 0.83/0.60/0.42
Steel
Large S$780-Sés0 (i66-(338 GG 2.007).70/1,40
Medinm $350-S360-S390 WG9 [ LEAL 1.4071.2071.00
Small $330-8280 GG GI8-G2s 1.00/0.48
Noa-ferrous
Large S20-8170 GG 40-( 50 0.6070.42/0.,30
Medium S0 G160 G0-GE0 0.13/0.18
Small s a7 GRO 0.18

- <ot
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Table 8.7:

Common problems eacoxatered in shol blasting

Complaint

Check

Action

Effect

t. Excessive or increased
abrasive usage

2. Poor cleaning

). Inefficient separation

4. Inelficien use of
impellor wheels

(a) The plam structure for severe
leakage also seals and wheel
hoods

(b) The coarse and fine dust (dust
collector) discard for serviceable
abrasive contamination

(<) The plant pit for excessive
spillage

() Incorsectly adjusted “blast
patern/s’ which allows abrasive
1o miss the workioad and hit
hard meral wear plates

(e) Excensive “carrv out” sith the
work!oad Jue 1o casting Jaign
¢.g. cyuander blocks

() When last addition to the
abrasive charge was made

(g) Work hanging- placing techniques
have been changed

(h) Abrasive quality

{a) Ammeter reading as indwation

of:

i Abrasive starvation

it Underloaded “impellor wheels’

Incorrectly adjusted control cage

sctungs, blast patierns missing or

not correctly positioned on

workload

(<) Workload incorrectly positioned
causing masking

{d) Poorly "balanced” operating mix

(L

-

(3) Abrasive levels in the storage
hoppet/s

{b) Protecting screening sysiems
(rotary sieves, scalping trays) are
not panially blocked with
contaminants

(<) Spreader plates worn or
incorrectly positioned

{d) Adjyusiable baffle/swinging baffle
are correctly positioned

(e) Adiustable ‘skimmer’ plate is
corrextly located

{f) The coarse dust pipe or hopper/s
are oot bloched

{8) The blast gaie/s in the
separator/cabinet evhaust lines
are corrextly adjusied 10 allow
the required air velocity through
the uni or orilice

(h) Dust collection/filiration
equipment is working clficienily
i.c. airflow is adequate

(a) Tensioning of "V° drive belis
(d) Ammeters funclioning correcily

(<) Abrasive hopper levels

(d) The abrasive feed 10 the impellor
wheel/s for reririctions, (hopper,
feed trough, lecd pipe, wheel
assembly)

() The abrasive valves for corrext
sdjusiment

(a) Repair as quickly as possible ait
wweves of major keakage

(b) Adjust separator controls aml
main duct blast gates

{c) Return 10 ihe plant as quickly as
possible and determine source of
spallage. Used abravive should be
reclhaimud with equal amoumts 1
‘new” abrasive.

{d) Locate coatrol cages in correct
puoritions

{¢) Establizh a sysiem: 10 “empty” the
castings and return spillage 10
plamt

(N Additions of ncw abrasive should
be small and regular

(g) lavestigate blast arca

{h) Following laboratory checks
contact abrasive supplier

a()andd

Replenish but not a large addition of

new material (mix with spillage or

with new middie/fline grades
whichever required)

(1) Check worn blades, replace if
required or reset abrasive control
valve

(<) Carry out blast pattern checks
and adjust accordingly if
required

(a) Make additions of ncw abrasive
but not in large amounts

{b) Free blockages

(c) Worn plates replaced and
cosrectly focated

{d) & (c) Correct adjusiment of
balfles

(e) Free the pipcs and hoppers

(h) Check with manometer

(a) Poorly balanced
operating mixes

(b} Underloaded impellor
wheds

(<) High operating costs

(d) Abrasive starvazion

{¢) Poor cleaming

() Inefficient separation
sysicms

(a) High cost and
botilenecks in the
plant

(a) Poorly balanced
operating mix
{b) A dust laden

atmosphere around the

machine area
(c) Poor cleaning

(d) Becomes difficult 10
achicve consistent
surface finish

(e} A *build up’ of fines
affects directional
control of the blast
patterns

() Excessive ‘fines’
increase plant wear
and anicularly
impellor blades

() A greater load is put
on the dust collecior

than it was probably
designed for

(2) Lengthy cleaning cycles

(b) Unsatisfaciory linish




Table 8.7 (continued):

Complaint

Check

Action

Effect

$. Excessive machine
wear
Poor cleaning

Over/underloading the
equipment

Correct situation as quickly as
possible

(a) Underloading causes

increased plant wear
and abrasive usage

{b) Overloading reduces

cleaning efliciency and
results in a reblast
condition

{c) Indiseriminate loading

can resuit in masking
of certain arens of the
waork causing
rehlasting

6. Abrasive sturvation

(3) The abrasive curtsin across the
separater weir plate, i.c. it is ol
uwmform Jdistnibution

{b) The angle or repose of the
abrasive in the storage hopper in
relation 10 the position of the
feed pipes feeding (the impellor
wheels

(<) There is no preferential charging
of abrasive 10 vac arca of the
machine, ¢.g. monorail plants

(d) Unavoidable excessive spitluge is
being returncd (o the planmt on a
regular basis

(a) Adjust spreader plate.’swinging
hallle 10 produce even curtain

(b) Add new abrasive but not in
large amounts

(d) Replenish with abrasive of equal
amounts 1o bath ends of the
machine

7. Tumbkr apron
jamming

ta) Condition of cabinct interior

(b} Slack chain

(¢) Machine loading

(d) Suirability of casting for machine

(a) Repair or adjust for wear
tb) Repuir or adjust for wear
{c) Check for aver/under loading

(d) Use aliernative type of machine
il appropriate

{a) An incomplete abrasive

curtain causes uneven
abrasive distribution
across (he hopper

- Lot -




Maiantenance check programme (daily/weekly
basis)

Cablast  check . . .

1. Loading doors, seals, entrance/exit vesiibules (or abrasive losses.

2. Interior for wear which may indicale incorrect blast patterns,
inelficient work loading/hanging techniques.

3. Wheel hoods and lining plates.

4. Abrasive spillage and return any 10 the machine,

Separator system check . . .

1. Shedder plates, baffle plaies, hopper structure for wear,

2. Abrasive curiain tiows umformly and covers the air orifice.

). Discharge from both separator and dust collector,

4. Hupper for abrasive level.

Dust collector and ventilating system check . . .

1. Atmosphere around blast cleaning equipment, 10 ensure that it is
{ree from dust.

. Blast gate settings are unaliered.

. Duct work for lcaks.

. Manometer reading.

. Dust hoppers are empy.

. Shaker mechanism 1s functioning correqtly.

Dust bags or filters.

NN W

Abrasive feed system check . . .

. Abrasive valves for free operation and correct opening.
2. Feed pipes, (ced spouts, screws.

3. Elevator belt for tension, worn or missing buckets.

4. Scalping screens/mesh proteciion for holes or blockage.

Whee! units and instruments  check . .,
. Wheel tor vibration.

. Impellor blades/control cages lor wear.
Whee! belts.

. Blant pattern for correct location.

. Ammerer (or accuracy.

badadbad o dbed
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and controlied, unless the operator is given the correct training
and supervision, shot blasting can cost considerably more than
necessary. Since different types of machines exhibit different
performance levels and hence operational costs, it is important
in machine selection and/or operational control to have knowledge
of the relative running costs of individual machines. A shot blast
analysis schedule is presented in the Appendix of this profile and
indicates the information required to assess the relative operating
costs of differing machines. In general considerable savings can be
made by paying careful attention to ways of reducing the amount of
shot blasting carried out: (i) only shot blasting when necessary,
(ii) pay attention to storage conditions
of castirgs,
(iii) ensure the shot blasting machine is
running at its optimum efficiency,
(iv) minimise the incidence of flash, burn-on

and other surface defects.

Dressing of castings: On release from the mould a casting is rarely
e

in a satisfactory condition for immediate despatch to the customer.
After cleaning it will require some dressing before it is acceptable
to the cus:-omer. It has been stated that dressing accounts for between
10 and 60% of the cost of producing a casting. The variation within
this range may be accounted for by numerous factors among which are:
(i) complexity of the casting
(ii) customers' requirements
(iii) foundry production methods
(iv) condition of pattern corebox equipment
(v) condition of foundry production equipment etc.
Not all of these are fully within the control of the producing foundry
although to a greater or lesser extent it will have opportunities to
influence some or all of the factors.
Meeting customers' specifica. ions is the deciding factor in dressing
bvt the production facilities available to the foundry will dicta*e
the amount necessary in order to produce in the most economic manner.
The as-cast casting, having been cleaned by shot blasting, or a simi-
lar method, reaches the dressing shop and:
(1) may have varying degrees of flash around the joint line or core
prints which require trimming;
(i1) {f ductile as-cast, feeders normally remain which require cut-

ting ~ff;
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(iii) excess material such as feeder pads, gates, risers, ties and
cracking strips will have to be removed;
(iv) certain cosmetic operations may be required to correct the
following faults: a) rough surface fiaish
b) ram off
c) finning
d) swelling
e) metal penetration
f) sand inclusions
(v) where a heat treatment has been carried out, a straightening
operation may be necessary.
Thus the amount of dressing required will depend on the production
facilities -vailable, the care taken and control exerted during
production and the decisions taken at the planning stage.

Methods of dressing castings: The various processes and procedures

associated with the dressing operations may be summarised as:
(i) grinding
a) pedestal or stand grinders
b) swing frame grinders
c) rotary hand tools
d) automatic grinders
e) abrasive belt machines
(ii) flash removal
a) hand held hammer and chisel
b) percussion tools
c) barrelling
(iii) special operations
a; machine dressing
b) press broaching
c) feeder head removal
(iv) ancillaries
a) manipulators
b) robots
The dressing shop may also be required to cater for some reclamation
by welding and while it is not required as a dressing operation, many
customers require castings to be painted before despatch to obviate
rusting.

Abrassives used: The properties required of any substance to be used

as an abrasive are: (i) the appropriate hardness .

(1i) available as particles in the mesh size
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required;
(iii) chemically and physically it must not present a health hazard
when in use;
(iv) ability of the particles to be bonded in a desired shape or to
a rigid or flexible substrate:
(v) the substance must be available:

a) in controlled quality

b) in quantity
c) at a price commensurate with its acceptability for the above
purpose.

To apply abrasives effectively for the purpose of dressing castings,
the grit particles must be coated with a suitable bond, moulded to
shape at an appropriate density or coated on a substrate, hardened,
finally shaped and tested to ensur? suitability for purpose and safety
in use. Grinding wheels are available in vaficus specifications, ac-
cording to the type of metal to be ground and the speed of the grin-
ding machine. The Grinding Wheel Institute of Anmerica and the Ameri-
can Standards Society established a list of grinding wheel shapes
which assigns type numbers to recognised shapes of wheels in general
demand and these type numbers are internationally accepted as the
primary description of a wheel shape. Table 8.9 illustrates a list
of these types: numbers 1,4,6,11,16,17,18,18R,19,27 and 52 being
applicable to fettling. It is dangerous practice to exert side pres-
sure on thin grinding wheels and only type 27 (depressed centre whe-
els) are specifically designed for this use.

Maintenancc requirements of dressing equipment: Maintenance of dres-

sing equipment is essential to ensure the continuity of production
of castings of consistent quality and known cost. Poorly maintained
tools and machinery will cost more in interrupted or lost production
than an efficient, in-house '"service exchange' system for hand tools,
or cost effective planned maintenance applied to machinery.
a.1) Hand tools: electrically, pneumatically, hydraulically opera-
ted grinders; chipping hammers; deburring tools.
a.2) Maintenance requirements: airline filter lubricator; tool
service exchange maintenance; dres-
sing both dust extcactor filcer.
b.1) Grinding: stand grinders: swing frame grinders; flashline trim-
rners.
b.2) Maintenance requirements: time based visual inspection of
wearing parts; lubrication; condition

monitoring of impeller bearings and




- 112 -

and vibraticn analysis; condition monitoring
of associated dust extraction equipment.
c.1l) Shot blasting: wanually operated; mechanical airless.
¢.2) Maintenance requirements: time based visual inspection of
wearing parts; lubrication; condition
ronitoring of impeller bearings and .
vibration anatysis; condition nmonito-

ring of associated dust extraction

equipment.

8.2 Metal cutting

Feeder heads and runner systems are separated from the casting by
oxygen/fuel gas cutting, sawing, shearing or with brittle alloys
simply by manual knock-off.

Oxygen/fuel cutting or flame cutting is commonly used to sever feeder
heads and ingots from steel castings and the fuel gas may be acetylene,
propane or natural gas. When used in conjunction with iron powder
(powder cutting) it is effective for cutting oxidation resistant al-
loys. Band sawing 1is commonly used with non-ferrous castings, parti-
cularly those in aiuminium alloys and permits the operator to follow
the contour to the casting more closely than other cutting methods.

It is also used with other alloys. Abrasive cutting, can be used
virtually on any alloy and is the ouly method of severing excess me-
tal in some ultra hard alloy castings. Gold shearing is employed as

a fast and economical method of removing small feeder heads and stubs
of ingate systems providing the cast alloy is relatively soft, e.g.
malleable iron, low carbon steel, copper, aluminium, magnesium and
zinc based alloys.

One of the most widely used methods for removing excess metall from
steel c~stings as well as employed for cutting ingates and feeder
heads from stainless, SG, iron and non-ferrous cast.ngs in the air- ’
carbon arc process. It is much more economical than methods using

pneumatic chisels, portable grinding machines etc. J

Maintenance requir:ments for arc/air cutting equipment: time based

visual inspection of wearing parts.

Other finishing operations include: visual inspection of castings

through their finishing operations; rectification of defects by

welding; straightening of castings, where required by hydraulic press
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or die operation and where the alloy permits this. heat treatment etc.

Automation of many operations in high-capacity foundries has been
the key in attaining very large volume output with important reductions

in labour and over-all costs. Its consideration in a small foundry

is justifiable only where improved uniformity in quality can be attained,

since the productive output possible cannot be absorbed.

Casting quality and control and casting reclamation

To attain the primary goal of a high standard of quality in the foundry
product, techniques of control must be employed. The goal of a properly
organised quality control programme is to ensure uniformity in operating
condicvions and the resulting product.

The raw materials used in both product and process must be standardized
and determined. The quality control department should be given the
authority to reject incoming material not conforming to specification,
although it may not be feasible to sample all purchased materials

such as refractories or slag materials. The most important function of
a quality-control department is to establish standards of performance
for the foundry process and to undertake the routine testing required
to ensure adherence to those standards. This includes routine sampling
of liquid metal at the furnace, a regular check on tapping and pouring
temperatures, testing of backing and facing sand and checking heat-
treating schedules and temperature. Regular tests are made on the phy-
sical properties of the metal from test bars and of hardness of the
castings. Whether castings are acceptable for shipment or further
machining depends on their dimensional accuracy, the surface quality

and the casting soundness.

Laboratory facilities: The willingness and frequently necessity of

small scale foundries to be technically upgraded lead to the inclusion
of a testing laboratory as az part of their operational concept.

1f such facility is not located nearby (university or other institution)
the establishment of a properly equipped laboratory as physical com-

ponent of the foundry in question is essential.

Inspection and testing of castings: Inspection and testing of the

finished casting are necessary steps to ensure that the product shall
meet the buyer's specification. The extent of testing and inspection

depends on the use to which castings are to be put. Many defects are
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visible on the outside of the castings. Such defects include cracks,
blow holes etc. Other defects may have to be che:ked in other ways
(eg. by measuring of dimensions of castings or by weighing castings).
Some castings are subject to internal porosity, which is difficule

to detect without expensive special purpose ultrasonic or X-ray equipment.

A list of equipment recommended for inclusion in each laboratory is
given in the Appendix. A summary of non-destructive techniques used

by foundries is also presented there.

Casting reciamation

Castings which fail to meet inspection requirements can sometimes be
reclaimed or repaired. In steel foundries rectification by welding

is an important and accepted part of the production cycle, rectifi-
cation and repair by fusion welding. Manual metal arc with coated
electrodes is universally used; developments of this are low hydrogen

electrodes, shielding gases such as CO, and argon, submerged arc and

electro-slag. 2
Cast iron is usually regarded as a difficult material to weld but
reclamation repairs are by no means uncommon. Only the softer irons
are welded although malleable and SG irons may be repaired if sub-
sequently heat treated. Welding methods include: oxy-acetylene gas
welding, metal arc welding using nickel-base rods and copper brazing;
repairs are usually confined to non-critical areas.

All copper-base alloys except the high lead type can be welded but
repairs are best confined to the one-off type rather than small,

long production castings. Normal method is metal arc or inert gas
arc using high heat input and the deposition of large amounts of
weld. Inert gas is generally superior.

Welding is used to repair aluminium alloy :astings and best welding
methods are inert gas shielded metal arc (MIG) or argon or helium
tungsten arc (TIG). Some aluminium alloys are 'hot short' and should
not be welded, where welding is practicable it should be done before

heat treatment.

Impregnation (Sealing): Sealing may be used where castings are rejected

due to lack of pressure tightness from dispersed porosity. The technique
is mainly used with aluminium and copper based alloys and occasionally
with irons. The technique is not intended for salvaging castings with

severe shrinkage.
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Raw materials: specification and consumption

Effective control of‘the quality of the product and of its cost
requires that all raw materiala be purchased to a specification and .
then, upon receipt, be checked for conformity to the specification.
In establishing limits for a purchased material, the capability of
the vendor to meet the specification must be taken into account. The
most important goal of any specification for a purchased material

is to ensure uniformity. The exact value is not as critical as having
the material conform to the limits consistently.(rhe material flow
for a typical modern iron foundry has been already illustrated in

the Figures 4.2a and 4.2Q.

Metallic charge

The furnace charge may consist of pre-alloyed pig or "ingot”, virgin
metals and "hardener” alloys, scrap from outside sources or from
internal fettling and machine shops, or any mixture of these materials.
The task of melting depends on the state of division as wellas the
composition of the charge. Large pieces, for example pigs and heavy
scrap, have a small surface area and are therefore least susceptible
to melting losses and contamination. Finely divided bulky materials
such as swarf or turnings are much less satisfactory: they are most
readily absorbed by feeding directly into a liquid bath this intro-
duces dangers cf gas contamination. It is nevertheless economically
desirable that these materials be returned to the production cycle
at the earliest stage if necessary by premelting and casting in
denser form: this aiso assists in maintaining accurate control of
composition, although double melting losses are then incurred. The
question of materials utilization in furnace charges is one in which
the computer is finding increasing application, both for calculation
of minimum cost charges and for subsequent adjustment of bath com-

position to secure precise control.

Pig iron: Uniformity of carbon-silicon levels from lot to lot is es-

sential, while low values for phosphorus and sulphur are desirable.
Certfication by the supplier of the chemical analysis of each lot
should be required. For use in the manufacture of ductile iron, the
content of manganese, sulphur, phosphorus and trace of subversive

elements must be as low as possible.
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Cast-iron, purchased scrap: Uniformity is the principal characteristic

required. Scrap should be segregated by type of casting, such as auto

blocks, ingot moulds, machine tool frames.

Steel scrap: The composition of process scrap from a forge or stamping

shop is more constant than the miscellaneous material obtained from
scrapping automobils, machinery, ships etc. Alloy steels must be
segregated from carbon steel scrap. Many foundrymen are often ir doubt
when faced with a scrap casting, and very often the cure is obtained
by rule-of-thumb methods, no direct approach to the trouble being
made. It is hoped that the Tables 9.1a and 9.1b will help in a quicker

diagnosis of scrap and its cure.

Ferro-alloys and inoculants: All materials should be purchased with

a certified statement of the chemical analysis. It is more important
to know the actual chemical composition than to purchase materials to
restrictive specifications on composition. Alloys required are ferro-
silicon (45% and 75%), high- and medium-high carbon ferro-manganese
and ferro-chromium, ferro-molybdenum and nickel. For ladle additions
of molybdenum and chromium, special compounds are available that

combine readily at the lower melting point of irom.

Fluxes
——————m%

Specifications on limestone and fluorspar depend on the availability
of the materials locally. Size and minimum moisture content are impor-

tant elements to control.

Fuels

1f fuel oils are used for melting furnaces, the sulphur content should
be restricted to below 1%. Light oil is preferable to heavy, paraffin-
base oils, since the latter must be preheated to ensure adequate and
uniform viscosity. The quality of coke employed as a fuel in cupola
furnaces directly affects the metallurgical performance of the furnace
and its efficiency. Most specifications set limits for ash content,
volatile matter, combustibility and reactivity in addition to particle
size and impact strength. Where a good grade of foundry coke is scarce
or even unavailable, it may be necessary to use a lower grade of coke,
such as gas-retort coke or hard wood charcoal. In this case, the cupola
melting practice must be adapted to the grade of fuel used. Low sulphur

content in the material is desirable if obtainable.
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SCRAP DIAG0SIS—ITS CAUSE AND CURE

WITH PARTICULAR APPLICATION TO IRON CASTINGS

hymmm-hmhﬂwﬂawmﬂmm&mbmhmk-of-thunbml»kw
dsrect approach 10 the trouble being made. It is hoped that the following lrst will help in 2 quscker dragnowss of scrap amd s cure.

Defects Appearance Cause Remedies

May appear as: 1. Low pounnag tempera- . Provade hotter metal at cupola

1. Holes i the thin sections tare. spout; reduce heat losses in

of a casting. Edges are fadle by using fux covennags

smooth and well rounded. 2. Low Bwdidy. 2. Increase Carboa and Phuosphorus
surface of metal rouad holes

smooth and oficn shiay. 3. Hard mould (maaly oa 3. Avoed excesaive rammung

very thin casung).
MISRUN 2 As a e, when two 4. Core shift. causing wn- 4. Take extra care in possoning.
streams of metal have met even thicknesses.

but a0t fesed wogether. 5. Vet low om sand. 5. Increase vert by means of vent

Fractere may occur along wire or by adding Silaca sand

this bae. Casting surface n muung.

may be smuoth and shiny. 6. Very high moisture 6. Reduce morsture compauble

content. with moulding
7. Pounnag practice. 7. Keep runner bush full of metal
duniag pounag.

Rough cavities eateniag cast- I Incorrect gating and 1. Use nisers 1o feed beavy secuons

g on heavy sections, or at feeding and ensure that they are Glled

the joint of chaage of sex- with hot metal. If using open

SHRINKAGE GoRs. nisers. use feeding flux. of using
sd Sawcer-shaped Jepressaoas on blind nsers use feeding cores.
DRAWS heavy sectioas, usually with Embody chills where 2 heavy
rough edges. secuon of boss canaot be fed
directly with a niser.

Similar 10 above 1. Diny metal I. Remove all slag from metal

See Shnah‘c and Draws before pounng. Thiken slag

(previous page). with >and before skimming.

SLAG Caviues are generally more 2 Incorrect gating. 2. Incorpurate skim gates or strainer
saucer-shaped zad smoother. cores in runner sysiems. Keep

Slag may be seen before runner bush full whilst pounag.

cleaniag the castings.

Castings “weep™ under pres- 1. Wrong type of metal. 1. Reduce Silicon oe Phospheius

sure lest content.

POROSITY Machined surfaces show cavit- 2. Rumung and feeding 2. Sce shnnkage.

i3 in thack sections or a series system.

of pin-holes on machined skin ). Gassy metal 3. Degas and scavenge well.

Bright areas on machined I. Wrong iype of metal. 1. Increase Silicon content by

faces, oﬁeu at comers of {a) altenng metal mixture.

edges of thinnest sections. tb) introducing Silicon into
HARD May occur as scattered hard ladie.
METAL spots. Shows, when broken. 2. High muisture content. 2 Reduce muisture.

a white fracture. 3. Pouning pracixe. 3. Avoud splashing metal down
runners and risers -—plug”
sprues very helpful.

Rough “wany” excretions 1. Uncven ramming. I. Ram more evenly

on surface of casting. mawly 2. Incorrext gating. 2. Gate so that an even flow of

on heavy sections. metal 15 vbiained over surface

SCASS ). Improperly dnied 3. Avoud wo rapid drying and

Table 9.1a

. High clay content in

moulding sand.

allow ume for heat w penetrate
through the mould.

. Change moulding vand.
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Stmar Dracnnss —Ivs Caust ann Cune
WITH PARTI £ AR APPLK ATION TO IROX C ASTINGS —{continued)

Defects Appearance Cawse Remedies
Casung shows swelling on I. Uneven mould hard- 1. Ram evenly and Grmly.
surface. ness due 10 msuflicent .
DISTORTION ramamng (0 withstand
wmctal pressure. .
2 Puor weighting prac- 2 Increase weight on moulds and
uce. ensure i is distnbuted evenh.
1. Metal ) 1. Use finer sand or use mould
Casung surface rough peRetraton. dressi
2 Low coal dust content. 2. Make additsons of coal dust.
ROUGH 3 Hard sand surface with 3. Open up the sand.
: low permeability.
SURFACE 4. Moulding sand oo 4. Close-up sand somewhat.
—w-"
Hair line cracks showing on 1. High dry stremgth of 1. Ram softer to allow casting to
: sand. contract.
Whes broken. discolorauon 2. Cores wo hard. 2. Reduce oil in cores.
shows that crack was pro- 3. Casung stams. 3. Gate evenly 1o avoid these.
duced while casting was hot mMMdefm
CRACRS ::,. o 4. Mechanical reasons. 4. Pack casting with wood or old
tyres in tumbler. Take care in
brezking off risers. See that
risers are provided with cor-
rectly designed necks.
Rough shaped holes occur- 1. Low vent or moulding 1. Increase vent by use of vent wire
ring on the outside of the or core sand. of open sand with additions of
casting o in the thicker Silica or by tae use of a coarser
secuons. Silica sand.
May be found just below 2. Hard nmming 2. Avoid excess ramming.
surface on machmning. 3. High moisture content. 3. Reduce mosture 10 minimum.
In severe cases. secton of consisiens with workability.
casting may be hollow Cavi- 4. Rusty or damp chills 4. Ensure chaplets are dry, and
BLOW. ties may be dull or bnght and chaplets. ooat chills with oil or proprietary
HOLFES depending on conditions un- dressing before use.
der which they have formed S. Very hard cores. 5. Reduce oil in sand
6 Inscfficient venung in 6. Ensure vents are clear.
cores.
7. Incomplete baking. 7. Bake until centre 15 dry and hard.
$. Damp pouring ladles. 8. Thoroughly dry all pouring ladles.
9. Too low a pouring 9. Increase pouring temperature.
emperature.
Rough cavitses and pits in 1. Strength of sand Jow. 1. Increase green bond
casting surface 2. Loose ramming. 2. Ram evenly.
If examined before cleaning 3. Direct wash of metal 3. Avoid direct wash with well
the sand may ofien be seen. on sand surface. ¢.g.. designed runners.
cods. corners. eic.
4. Poor finish of gating 4. Finish of running system should *
sysiem be as good as mould. Make
DIRT bushes and runners with good
facing sand.
5. Displacement of sand 5. Blow out after placing cores. *
by cores.
6. Disturbed moulds. 6. Place weights carefully, avoid
knocking moulds
7. Insufficient taper on 7. Increase wper to allow clean
patterns. Iifi.

Table 9.1b
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Refractories

Definition - classification: The term'refractor»'is applied to various

heat resisting materials, the accepted definition being a non-metallic
material or product (not excluding those containing a proportion of me-
tal) having a pyrometric cone equivalent corresponding to not less than
1500°C or Cone 18 (British Standards 3446 1962 "Glosary of Terms Relating

to the Manufacture and Use of Refractory Materials).

Refractory materials are supplied as fired or unfired bricks or shapes,
jointing cements, and as monolithic materials, known as mouldables,
castables or gunning mixtures. A modern classification based on chemical
composition is as follows:

(i) Basic refractory materials: Materials with a high content of

alkaline earth oxides, usually those of magnesium and/or
calcium.

(ii) Alumino silicates: These are materials in which the main
oxides are alumina (A1203) and silica (Sioz). They fall into
a number of important groups based on the relative propor-
tions of these two oxides present in the material in the fired
state.

(iii) Special refractories: These include products based on

carbon, graphite, zircon, silicon carbide, other carbides

and nitrides, pure oxides, and spinels other than chromite.

Selection and financial considerations: The bricks or blocks used for

lining furnaces should be selected according to the conditions to
which they will be subjected. 1deally refractory materials should
resist pressures from weight of the furnace parts or contents, thermal
shock from rapid heating and cooling rates, mechanical wear and che-
mical attack from heated solids, liquids, gases and fumes when in use
at high temperature. The final decision has to be made after all the
technical, physical and quality trade-offs have been weighed. At the
outset, decisions based solely on price can lead to selections that
yield less thar optimum results. With sophisticated melcing equipment,
such as coreless and channel furnaces, the cost of material is seconda-
ry to the total cost of downtime if the operation is running close to
capacity. The most logical common denominator to use as 3 starting
point in the refractory selection process is chemical capability

between the molten metals, oxides and the refractory material. Selecting
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a refractory based on chemical compatibility is facilitated by a two-

phase process. First, the data collection phase including:

- general description of application (ore reduction,
primary melting, secondary melting, holding, re-
action vessel, rehcat application, etc);

- type of furnace or vessel for which refractory ap-
plication is beiny considered (channel induction,
cereless induction, etc);

- metals or alloys produced -~ general category (ferrous,
superslloy, nonferrous, special alloy or pure metal,
mixed campaign);

- alloy changes (deliberate changes to melt chemistry
from that of incoming primary alloy or scrap,
including master alloys, pure elemental additionms,
deoxidizers or refining agents);

- thermo mechanical considerations of furnace operation
(sintering as a function of temperature, differntial
expansion/thermal shock, mechanical abuse, such as
charge impact abrasion, etc);

- current refractory and its performance to date (gene-
ric type, chemical composition, mode of installation/
firing - including forms used, dry out and heat up
schedule, final fire, initial charging and cure
method on initial melt).

The second half of the process,the judgement phase of refractory selec-

tion, can begin only when allof the parameters are known. After reviewing
all pertinent factors in the profile, select the four best generic

choices based on chemical compatibility between molten metal and refrac-

ctory material, without considering positive or negative effects of
thermal, mechanical and business/firancial considerations. Screen the

four choises selected above against the thermal, electrical and

mechanical conditions and/or constraints in the data profile to de-

termine if the ranking must be amended or even changed. The selection
process must now focus on the feasibility of the four generic choices,
recognizing existing commitments whithin the operation that cannot be
changed. It is nuw possible to compile a viable list of specific com-
mercial brands for generic choices derived from the sequential steps
in this judgement phase of refractory selection. Vendors should be
ranked and qualified according to quality of product, proximity of

warehouses delivery, product shelf life, pertinent product experience,
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reputation, product support and application engineering capability.

Tha final step in the judgement phase is the integration of the

technical and business considerations, weighed against the cost of
the products identified under vendor qualification and the relative
risks of each choice. Risk analysis must consider the vendor's abilty
to ensure repeatability of product and provide customer service with
a strong problem-sclving component weighed against the realism of
potential cost savings. Risk analysis must include a critical review
of costs of downtime, lost production, equipment repair and employee
risk. Cecisions should be based on the cost of the refractoru per ton
of product produced and not on the unit cost alone. Obviously, greater
risk can be taken if furnace utilization is low, while little risk
can be assumed in a 24-hour-a-day continuous operation with low

work - in - process inventory.

Types of furnaces and refractories: The type of cupola lirings de-

pends on whether acid or basic practice is employed. Because of the
lower temperatures involved and reduced exposure to heating and co-
oling, less costly refractories may be used.

Silica-alumina fire bricks are normally used for cupolas and for
rotary furnaces. In addition to fire bricks it is necessary to have
heat resistant fire clay available for the pre.:ating and repairing
of furnaces. Clay by itself tends to crack and to crumble when dried,
and for this reason it is usually mixed with sand or with crushed
fire bricks in order to make refractory patrching materials. Fire
clay mixtures of this type are often used for ladle linings as well
as for furnace repairs. Ladle linings must be most carefully dried
and pre-heated in order to ensure that no moisture remains in the
lining. If molteniron is poured onto any damp material there is

a danger of boiling, splashing or explosion. Another method of
Ilining ladles is to use sand. Some natu-ally bonded moulding sands
are suitable for lining small ladles. Silica sand bonded with water-

glass, either dried or gassed with CO, can also give satisfactory

results. For larger ladles holding mo:e than 200 to 300 kg of iron

it is adviseable to use stronger ladle lining materials such as fire
brick or fire clay mixtures.

Electric-arc, induction and reverberatory furnaces are lined general-
ly with high-grade silica-alumina refractories containing at least

65% alumina. The tables 9.2 and 9.3 illustarte the refractory selection

procedure for channel and coreless induction furnace respectively.
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Operation and maintenance practice: As the use of induction furnaces

for melting non-ferrous metals becomes more widespread the operation
and maintenance practices with respect to the refractories used in
these furnaces is illustrated below.

The type of charge material should be clean and generally small in
size. The best size melting stock is that which would fill the furnace
to about 50-60% of capacity when starting from cold. Long and irregu-
larly shaped pieces may be used, but care should be taken to bhe certain
that bridging does not occur. If charging is not done properly, voids
between the charge material and crucibel wall may cause localized hot
or cold spots which can result in cracking and blistering of the
refractory aud ultimate failure. Crucibles are somewhat more sensitive
than rammed linings in this respect.

During a melting cycle, if the metal or the charge has a tendency to
freeze over and form a bridge, then it should be carefully broken
using a steel bar. If this does not work, then the furrace should be
rocked gently to allow the molten metal underneath to melt through
the bridge. Under no circumstances should a furnace be operated at
higk power while a bridge exists. The operator should be continuously
aware of the amount of kw input over a period of time for the weight
of metal in the furnace.

When monolithic linings, full power should not be applied on a cold
furnace at the beginning of a production day. Monolithic linings

have definite cracking patterns when cooled down that reheal when

the lining is heated up again. However, if molten wmetal begins to
form in the furnace before the cracks have healed, finning will

occur and lead to early failure. When starting up a cold furnace,

the charge should be heated to a temperature just below the melting
point of the metal and held at that level for at least a full hour
before allowing any molten metal to begin to form. On furnaces larger
than 2000 1b capacity, this time must be extended to 1%-2 hr, depen-
ding on size.

The major zone on the furnace lining requiring repair is the top cap
and spout area. Plastic-type refractories are best :suited for this,
but certain damp ramming patch materials may also be used. After com-
pletion of the top cap repair, it may be desirable to use a wash-
type refractory to coat the hot face of the crucible or lininz. This
helps to seal fine cracks and facilitates easy removal of slag or
dross buildup. Even if there is not any significant wear or abuse of

the top cap material, it is advisable to remove it after every ten
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heats or so to check to see that the backup material has not settled

down unevenly behind the crucible leaving a void.

Additional tips for good crucible performance are:

- Crucibles should be unpacked when received and stored in a warm,
dry place. This helps prevent the pickup of moisture.

- After installation, it is preferred to preheat the crucible to
200 F for three to four hours minimum, to aid in drying out re-
sidual moisture as well as moisture from the top cap.

- Slag and/or dross buildup should be scraped from the crucible while
it is still hot. At the completion of the production day, the cru-
cible should be completely emptied and scraped as clean as possible.

- A metal heel should not be allowed to freeze in the crucible of
rammed linings. Expansion when the heel is subsequently reheated
would cause cracking.

- Crucibles and linings can be cracked by careless charging such
as throwing in large ingot or scrap pieces. Also, if large amounts
of cold metal are added to a small amount of molten metal then the
molten metal bath can freeze and cause substantial cracking due
to expansion when again heated.

- Agair, the possibility of cracking or blistering caused by loca-
lized overheating must be mentioned. This can only be avoided by
uniform placing of the charge in contact with the crucible walls.

- Patching cements and wash materials used for maintenance on the
crucible should be of similar composition to the crucible itself.

- After the last heat of the day it is adviseable to cover the
furnace to allow th: crucible to cool slowly. This helps to mini-
mize cracking due to thermal shock.

The recommendation on cooling is completely the opposite for rammed

linings. Since rammed linings are monolithic from hot face to coil

and it is impossible to prevent cracking no matter how slowly they
are cooled, it si desirable to develop a cracking pattern that is
more favorable. This is obtained by fast-cooling the lining which
causes more cracking, but the cracks that form are much smaller in
nature. With rammed linings it is adviseable to leave the top of

the furnace open and if possible, use a fan blowing air to aid in

fast cooling the lining.

Patching of rammed linings is recommended only in the melt line,

top cap and spout areas. Excessive wear in the melt zone is indica-

tive of a need to reline or of a problem needing attention.
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Least-cost charging
Least cost-charging i; the process of choosing the unique mix of
available charge materials that will produce metal not only to the
chemistry specification, but also for the least amount of money.
There may be several charges mixes that will satisfy the chemistry,
but only one will produce the least-cost charge fo:r any specific
foundry operation. There are now least-cost charge programmes avai-
lable that run on a variety of inexpensive microcomputers, and the
cnst of such programmes is quite reasonable. Some of the benefits
and savings of least-cost charging are as follows:

- fast calculations

- optimized calculations

— purchase evaluations

- inventory reduction

- indicator of furnace operation

— improved comsistency.

Table 9.4 illustrates typical components of a Least-Cost Charge

Calculation.

Moulding and core-making materials

Sand: Sand represents the most significant materials flow in
a foundry. The types and grain sizes of the molding sands dirctly
irfluence the quality and surface finish of the cast product. The
techniques by which the sand is handled in a foundry directly
influence the molding, and mold handling systems and the general
plant layout. The types of sand and additives used represent pro-
cess alternatives. The types of processing and transport equipment
selected represent production alternatives.
Sand qualities of interest in casting are:
(1) Flowability during moulding.

(ii) Green strength (as molded).

(i1i) Dry strength (when the molten metal is flowing).

(iv) Hot strength (as the liquid cools).

(v) Permeability (ability to release gases).

(vi) Thermal stability (dimensional stability when heated),

(vii) Refractories (ressistance to melting, sticking, or softening

during pouring).
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(viii) Grain shape: round, angular, subangular (will affect
all properties above).

Siiica sand, ideally having over 98% Si0O_, is the basic component

of moulding and core sands. Although olisine, zircon and chromite
sands are used in special situations, silica is the most widely
used sand. It is the most plentiful mineral in the world, but too
frequently the natural sand contains a high percentage of clay

and silt or other minerals, such as mica, feldspar or iron oxide,
that have a lower refractory index than silica. A local supply

is essential in view of shipping costs, but it may be necessary
for the sand to be washed, classified or graded and dried, either
at the sand pit or when received at the foundry, to make the ma-
terial acceptable.

In addition to high purity, a foundry sand should preferably have
individual grains with a rounded or subangular shape (as mentioned
before under viii). Sharp sand grains obtained through crushing
sandstone are usable but not so durable and require greater amounts
of binder to produce the same strength. A specification for sand
should use both the AFS*'rain fineness number (GFNf? which gives

a measure of the coarseness (low number) or fineness (high number)
of the sand, and the distribution as measured by a sieve analysis.

An ideal distribution has no more than 40% of a sample on any one

screen and a total of 807% on three adjacent screens.

A typical distribution would be:

Coarse Fine

Successive screens in the

standard series 1 2 3 4 5 6 7 8 9

Percentage of sand retained

on each screen in the mech 1 2 6 22 36 21 8 3 1

In practice, a sand with the distribution shown above having a
GFN between 60 and 65 should produce iron castings with a good
finish and minimum of sand defects if correctly bonded. A finer

sand with a GFN of 80-85 will be useful in the core department.

Binders: Local bentonite clays may be of acceptable quality, but
careful investigation is essential to prove their suitability.
The normal standard of quality for steel castings is the sodium

bentonite found in a small area in the west of the United States

*
) AFS . American Foundrymen's Society

GFN = Grain Fineness MNumber
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of Ameriaca. Less durable but completely useful for mouldiag cast
iron is the "southern”™, or calcium, bentonitc. Bentonites are
found in other locations in the world and have properties similar
to both of the above-mentioned types. Other bentonites should be
tested by producing castings and evaluating their quality. Green
compresion strength and active clay tests are useful in measuring
the durability of sand in reuse.

Organic binders, such as cornflour or dextrin, and finely ground
coal and special o0il or resin core binders that may be available

locally can be purchased only after thorough testing in making castings.

The composition of moulding and core sand mixes varies depending on
the characteristics of the raw materials available.

Minimum properties considered acceptable for small iron castings are:

Green compression strength .5-.17 kgl-2
Dry compression strength 5.6-6.4 kg/nz
Permeability-green 60 - 80

Typical sand mixes for the production of small irom castings in

green sand are as follows (% of dry weight):

Green Facing Backing
sand sand sand
New sand - GFN 60-65 - 50 -
Return sand 95.5 42 98.5
Bentonite-western, sodium .5 1 -
Bentonite-southern, calcium 1.5 2.5 1.5
Cereal, organic .5 .5 -
Sea coal 2.0 4.0 -
(Water added) 3-3.5 3.5-4 3.0

For small castings, a green-sand mix composed of all old or return
sand is economical and yields excellent surfaces. For havier castings,
facing sand having part new and part old sand may be required. In
this case, the mould is filled with backing sand after facing sand
has been packed around the pattern.

Core mixes require a washed and dried sand free of clay. A basic

mix for small castings is composed of (% of dry weight):

Sand-GFN 80-85 97.5

Bentonite *) .5

Ceral 1.0

0il or resin binder 1.0

(Water added) 4-5
*)

Bentonite is added only for green strength to assist
in producing the core.
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Furnace charges may vary widely and still produce metal of acceptable
quality. The amounts of charge elements will vary for different types
of furnaces. A typical charge for producing grey iron in the induction

furnace based upon the normal yield of good castings, is as follows(%):

Recycled cast-iromn scrap 38
Produced cast-iron scrap 20
Steel scrap 28
Pig iron 10
Ferro-silicon 2
Ferro-manganese .5
Carbon, graphite, charcoal 1.5
100.0

During start-up, purchased cast-iron scrap may amount to 58% of the
charge until enough gates and risers are recycled.

For cupola operation, the raw materials differ somewhat from those
mentioned above. The charge requires more pig iron and less steel

scrap, as shown below:

Recycled cast-iron 35

Pig iron 25

Purchased cast-iron scrap 16.5

Steel scrap 20

Ferro silicon 3

Ferro-manganese .5
100.0 %

A substantial volume of the materials used in the foundry process

is basically .ontinuously recycled. The sand handling cycle begins

when the casting is removed from the cooled mould. Before the

sand can be used to make another mould, any iron scrap must be
removed, and lumps of moulding or core sand must also be removed.

The green strength must be restored by mixing water (and additives

as needed) with the sand. The prepared sand must then be distributed
to the moulding stations. Figure 9.1 shows the steps in the reclama-
tion of moulding sand and Figure 9.2 illustrates three levels of
mechanization in sand processing equipment, and suggests the range

of '"production” alternatives available. Figure 9.3 shows sand recovery
equiprent and table 9.5 illustrates characteristics of machinery for
recovery operations. All the sand handling operations may be performed
by hand, batch or continuously operating equipment. The iron scrap

is removed by screening or magnetic separating conveyors. Rotary
screens can be used to remcve any lumps, though often these are not
necessary. The key to the sand processing is the mixing or "mulling”
of the sand, water, and any additives to restore the green strength

to the sand. Figures 9.4a and 9.4b illustrate alternative methods

of mulling.










Table 9.5:

MACHINERY FOR AND CHARACTERISTICS OF SAND RECOVERY OPERATIONS

Operaton Aachinery or 1echrique vied Characterisiics of concern far develuping counines
Knocking-out By hand on fixed grate Small and medium size castings done on a free
Vibrating grate or shake-oul grate shake-out grate, Large-size castings done on
a fixed grate. Hand knock-out is advisable 10
avoud high costs )
Lump breaking Elastic compression crushing rolls No-bake sand crushing requires the use of
Hammer crusher disintegrator
Disintegrating crusher
Magnetic separation Magnetic pulley
Magnetic over-belt separator
Cooling Rotatory cooling drums (castings and sand Homogeneous castings and installation under
together) working floor are required
Cooling elevator
Water coils cooler
Screening Rotatory screens The rotatory screen is generally used in medium-
Vibrating screens large planis. Joling screens are suitable for
Meshes for grading smaller plants
Dust collection Suction, from screens or other processes Dust must be separated from the flow of sand in
cmall plants. This requires a good sucnon
device
Transport and storage Belt conveyors, elevators, skips. Conveyors are Clevators save space. A skip tends to pack the
widely used for the Nat transfer of green sand. sand. The pneumatic convevor is suggesied
Pneumatic systems are often used for only for the hauling of new sand from the
chemically bonded sands. Storage is done n storage bins 1o coninuous mixer hopper
differently shaped silos
Addition of agents There are a wide range of mixing devices A semi-manual method offers the most reliable
uperation, Skilled personnel are needed
Mulling Fined bowl continuous cycle Many of these types are suitable. A fixed bowl!
Rotatory bowl continuous cycle discontinuous cycle muller for which the
Fixed bowl giscontinvous cycle operation sequences time may be pre-selected is
Rotatory bow! disconlinuous cycle advisable. Cycle ume is very important in
Intensive muller manual proportioning
Disintegration and Several means can be used for sand aeration Advisable for small plants
aeration duning transpor

4% S







- 134 -

10. Economics of the Foundry Industry

In any fcundry, the product mix, predetermined by the market research
of an existing production programme, leads to the choice of appropri-
ate melting, moulding, core shop and finishing processes. The specifi-
cation of capacities and dimensions of the equipment and facilities
to a large extent depends on this product mix. The enquiries received
by the foundry at a later date could also relate to a wide range of
castings which will match the production facilities with varying
degrees of efficiency. Due to this reason it would be difficuit to
define a standard cost for a particular casting which will apply
throughout industry. Table 10.1 gives some of the main cost items.
Within one country the unit cost of materials, labor and eneigy may
be common to a number of foundries, but the utilization of these
elements of costs for particular castings could vary according to
plant installed in each of the foundries compared.

Nevertheless it is possible to analyze the cost structvre and make
comparisons among various countries to assess the competitive advan-

tage of the foundry industry.

Capital costs: The attempt made in the following lines has to indi-

cate the effect of foundry facilities on cost of castings production.
The setting down rules for calculation of investment cost to suit

the wide range of foundry facilities, from the low capital cost,
labor intensive, jobbing operation to capital intensive, automated
mass production plant is to be considered as very difficult or

even impossible. The vast majority of foundry projects being
considered in developing countries involve a compromise which is
based on the difficulty in justifying sophisticated, automated plants
for a product more comprising of a wide range of differing components
required in relatively low volumes. The published data available on
investment figures vary widely and must be treated with caution.
Table 10.2 presents presents an indication of minimum cost levels

for four different types of foundry based on the assumption that

the product mix would be of one type of mould production in each
case. Decisions on the establishments of foundry facilities in a
developing country are more likely to depend on the ability of the
proposed casting selling price structure (very often set by inter-
national price levels of industrialized countries) to support the
investment necessary to estabiish a foundry, rather than on the

margin between local wage rates and those of the foundry workers in

-

e
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Table 10.1: - SOME FACTORS INFLUENCING CASTING COSTS
Major effects on product cvets
Carcumstence ——— e —ee —_ -
Tookng costs Foundry apevationsl costs Maoterial and melting cws’s
i Amoyupcant o Metal (mtrinsic oo, locscs aad
COmPOMIOR yweid) )
Meltng {thermal properties and
CALTgy CORSUMPLIOR)
2 Bauc dwncnsins Pattern (nze) Moulding (mould volume) Meu]qtei;_hl
A DESIGN F.sh'«:ﬂ-.whuuul Mclting (weight)
CHARACTERISTIC| 3 Shape Patiera (compiczity) Moulding {(complexity) Mciung (castng yickd)
Finislung (casting surface area
and compleziy)
4. Quahty standards Paticra (type. material and Mouiding (scthod and Metal (raw materiaks)
construction) materials) Mei*mg (compositional
imspection
Reje-tion rate
l QUANTITY lebl;;;lghl_EP;T- N m;alm {number, type, Mouiding (production mxthod)
matenial and coastruction)
Table 10.2:
TYPICAL CAPITAL INVESTMENT FOR IRON FOUNDRY
WRITS BASED Ok A SINGLE NMOULD PRODUCTION CENTRE
(US DOLLARS)
Ansual Production
(Tonmes)
0 $ 000 10 000 20 000 40 000
JORBING -
(AnD) 9 000 000 12 000 000 15 000 000
N DING
JOBBING
PATTERN FLOVW 10 000 030 12 500 00O
NOULDING
SEXI -MECHANISED
REPETITION
GREENSAND 11 000 000 14 500 000 16 500 000
RO 0ING
MECHANISED
REPETITION
GREERSAND 14 500 000 '8 000 000 20 000 000 30 000 000
MOULDING ’

Exclusions : Land.
Freight, handling, etc. on plant.
ATl taxation and duties.
Pre-cperating expenses.
Patterns and toolings.

8.8, All the examples are based on foundries with & single movld
production centre and therefore en 8 product oix which s
restricteds in tarms of aets) specification ond miferm fa terms
of casting type.
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industrialized countries. Table 10.3 gives a rough estimate of ca-

pital cost for a 10,000 tons per year foundry in three countries:

DC1 = Developing Country 1 (from the region Middle East);
DC2 = Developing Country 2 (from the region Asia and the Pacific);
IC = Industrialized Country;

DC1 is a small country, DC2 is a large country.
It could be inferred that:

(a) land cost is very low in DC2 (probably due to the current
stipulation or dispersal of industries to mofussil areas;

(b) land cost is higher in DC1 (probably due to the level of
development of the country and availability of land);

(c) for building and services high labor cost and non-availa-
bility of materials locally results in high cost whereas in
the DC2 local availability o¢f material and cheap labor is
offset by traﬁsportation cost and availability of skills in
proposed areas. In the IC country high labor costs increase
the cost of services;

(d) for plant and equipment and tooling cost is higher in DC1
because it has to be totally imported with high spare part
content due to absence of suitable infrastructure. In DC2
some equipment could be locally available but high duties
on capital goods and need to keep imported spares increase
costs. In the IC competition and availability provide cost
containment. But the IC would have to provide additional
facilities to meet the environmental regulations;

(e) for project engineering DC1 has highest cost (probatly
due to: technological transfer fees and/or requirement of
having high expatriate staff required for implementation
and simultaneously improve the capability of local staff
by training whereas this situation could be less severe in
DC2 and is minimal in the IC);

(f) for preproduction expenses in DC1 and DC2 it would be neces-
sary to overstock materials due to availability and locational
constraints ~nd also extra manning for training whkereas this
situation does not exist in the IC.

All these possible factors outlined above lead to increased capital
cost in developing countries which to some 2xtent could be reduced

by proper planning and training cf persoi .. ad appropriate policies.
However the establishing of small scale fo. “-. . in developing

countries with a low level of technology and not too sophisticated
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Estimated Capital Cost for & 10,000 Ton pexr Year Found
(in USS aillion)

An IC
DC1 be2 Country
Buildings, Services &
Civil Engineering 8.10 7.00 10.0
Plant & Equipment 21.10 20.00 16.0
Tooling 1.63 1.00 0.5
Project Engineering 3.97 2.00 1.0
Preproduction Expenses 2.92 2.00 1.0
Total 38.02 32.10 8.0
Table 10.3
Percentage (1) of Total Costs
Material Labor
(Average for - IR Energy Querheads
Industr::{:_ea c:ountri.eszu_25 45 . 10-15 20
Develabing countries:
Mexico 66 14 4 16a/
Turkey 25-55 20-34 9-15 4-26
India 55 14 15 16
Jordan ¢/ 32 22 19 27
Taivan 60-65 20-25 b/ 10-20
Ruwait 22 27 b/ 50
Tunisia c/ 31 39 12 18
Ivory Coast 25 S0 b/ 25
8/ Includes 32 rejects.
b/ Presumed energy costs are included in overhead.
cI Feasibility study.
Cost of Production of Castings in an IE
US$S per ton of castings
’ Autosatic Greenssnd Jobbing Chemicsl
Production Bond Production
Malleabdle Ductile Ductile
Iron Iron Iron
3 T T T 3 T
Materisls 271 31.4 327 41.2 358 41,0
Labor 278 32.2 T 199 25,1 268 28.4
Pouwer & Fuel 165 16.8 98 12.4 9% 11.2
Overheads 169 19.6 169  21.3 189 19.4
Totsl 869 100.0 793 100.0 873 100.0
L LA ] L& ]

Table 10.5
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facilities result in lower capital costs.
Individual requirements need to be thoroughly investigated and ap-

propriate choices made to achieve the optimum capital cost.

Production costs for castings in developing countries: It would

appear that the operating costs incured by different foundries within .
any given country could be subject to considerable variation. This
is due in part to the varying rature of the product mix which the
foundries were originally designed to produce, developing into a
"fixed" rlant configuration and the labor practoces within eachk
individual unit. There would also be considerable variation in the
extent to which materials and services are negotiated and procured.
Table 10.4 provides in %-age terms the total cost in industrialized
countries and some developing countries. Table 10.5 lists the
elements of costs in the production of two types of irom castings,
for a foundry in an industrialized country, for two alternati-e
methods of production.

It would be difficult,how2ver, to draw conclusions and comparisons
between these figures and similar figures for selected developing
countries without some knowledge of the cost in currency terms

since variations in cost distribution are so great that intra-
country comparisons may provide only indicative trends. It is
accepted that the unit cost of labour in developing countries will,
in generall, be much lower than that in industrialized countries.

As already indicated in the preceeding paregraphs the cost materials
and investment in foundry facilities would differ widely between
countries. It is necessary to review each case of foundry development
on the basis of the elements of cost applying at each site. The
continuation of circumstances justifying implementation of a
foundry project in one developing country cannot be reproduced
exactly in any other country, or even in a different region of

the same country.

In the case of raw materials very few developing countries have *
advantage over industrialized countries. The dominant material for

castings production is steel scrap, which is half of the price of

pig iron in industrialized countries although requiring a mora

sophisticated melting technology. It may be anticipated that steel

scrap prices in developing countries will be in line with world

prices except where demand exceeds supply, as it happened in India

& Pakistan in 1979-80. This led to the establishment of one of the
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largest ship breaking yards in Pakistan.

Nevertheless the various constraints are usually more than offset
by the ability of foundries in the developing countries to supply
castings locally to various industries and assisting industrial
growth.

It would be desirable to have a cost/price relationship developed
for the foundry products, but the nature of the products and trade
patterns prevent such an attempt. In the case of the developing
countries, prices to a large extent depend on various incentives
and subsidies and restricted availability of costs in absolute

value terms. The selling of foundry products by many foundries

on marginal cost complicates the comparison further.
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Financial assessment ~f foundry projects

Methods and brief description

The evaluation of capital investment projects is one of che most
important tasks of manaiement. The correct investment decisions

can improve efficiency, increase profitability and ensure the
survival of the foundry in one of the most highly competitive
industries. It is vital that the evaluation process is carried

out in such a manner, as to yield the maximum amount of relevant
information, for the most objective appraisal of an investment
project. The methods of appraisal which give management the greatest
amoui.i of relevant information are those which incorporate dis-
counted cash flow techniques. Therefore, it is evident that future
cash flows generated by an investment project should be discounted
to a present day value. There are two main techniques, Net Present
Value (N.P.V.) and Internal Rate of Return (I.R.R.), which are
based on the above principle. N.P.V. expresses the result in terms
of a cash value, whereas I1.R.R. presents the result in terms of a
percentage. 1.R.R. is conceptually easier and the format is more
familiar, in that the result is presented in the same dimensions as

the risks involved.

The process of investment appraisal

Risk and uncertainty and cheir possible scurces: The process of in-

vestment appraisal is one of estimating. Little, if any, of the fi-
nancial information used in the appraisal is fact, the majority of
the information must of necessity be estimated on the basis of past
data. Thus, by its very nature, it is highly probable that these
estimates will be to a greater or lesser degree incorrect. Given,
therefore, that uncertainty is an ever present element of the
investment appraisal process, the question is raised as to how to
handle the problem. The ideal would be to eliminate the uncertainty
from the process but this is obviously impossible as many of the
uncertain factors are exogeneous. The alternative is to attempt to
evaluate the risks involved and to quantify their possible effects.
The major form of risk is that the forecast levels of expenditure
and receipts will be inaccurate. This will be the case on all projects

as the forecasting of the future is by definition an inexact art.

There are factors which will icrease or decrease the extent of this
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inaccuracy. 1f the proposed project is one which opens new fields,
then the inherent risk will be greater. Thus, the launching of a

new product presents the business with the problems of forecasting
the unknown.

Market research and the launching of the product will require the
investment of substantial funds. Sales volume, selling prices, cost
of marketing and production, as well as other uncertainties, will
also be present, hence the discounted cash flow,D.C.F.,return will
vary with the accuracy of the forecasting of these factors. If the
proposed project involves the replacement of plant and machinery,

the risks are less great-firm quotation for the items to be purchased
may have already been received and the potential savings in labour
and other costs will be capable of fairly close estimation. The only
real uncertainties may lie in the life and residual value of the
plant, in taxation and other changes resulting from changes in
government policy. It is possible to limit the inaccuracies of
forecasting by basing the forecasts on detailed studies into

areas which are uncertain. Thus, the launching of a new product

will necessitate an exhaustive market study to establish the needs

of the market and the size of the market it is intended to enter.

The result of a D.C.F. appraisal will be, at best, no better than

the data that has been provided by the budgeting techniques used.

1f the business is to achieve a higher than average degree of success
in choosing profitable projects for investment, its whole forecasting

system must be of the highest standards.

Methods of catering for uncertainty: Risk as a function of time.
g - _ 4

There is a school of opinion which correlates the time that a
project will exist, to the risks that wi)Jl be encountered. While
this method has the advantages of simplicity, it assumes that all
variables are equally uncertain and does not make explicit the
extent of the uncertainty inherent in the figures which together,
constitute a factor affecting the degree of risk involved.
Sensitivity analysis. Sensitivity analysis involves assessing the
effect on the return of small percentage changes in each one of the
factors affacting the cash flow. By this means, it is possible to
identify those factors, whose changes have the greates effect on the
D.C.F. criteria. The sensitivity analysis information also shows how
'robust’' the anticipated outcome is. This kind of analysis {s an

extremely useful tool in the analysis of a project's profitability

but it gives no indication of the likelihood of variations from




- 142 -

the original forecast level.

Risk analysis. The essence of risk analysis is the isolating of
each of the-};recast elements of cash flow and assessing the pro-
bability ot each forecast actually being fulfilled. This approach
enables management to have a definite idea as to the likelihood

of the project's outcome and gives a much more complete view of the
project. This analysis involves a great amount of work and the
accurate assessment of probabilities - both are considered to be

too great a task to be ordinary justified.

A practical evaluation of investment projects: It is necessary to

combine the techniques which hzve been above described into a prac-
tical method of evaluating a project to allow management to take
decision based on the most complete information available. It is
recommended that for significant projects, the internal rate of
return be calculated and compared with the cost of finance to give
the initial criteria by which the viability of the project may

be judged. Although, according to the preceeded analysis, the ideal
solution is a full probability analysis of all the factors, this

is impractical both in the assessment of probabilities and in the
volume of work involved. Therefore, to place the project in
perspective a best plus worst case should be calculated which

will show the limits which are likely to be achieved. The above
described pocess is illustrated by reference to a worked example

in the Appendix.

Productivity and break-even point

When a new foundry is built, it is sometimes inaccurately assumed

that it will be able to make all castings more economocally than *
other existing foundries. Pricing by the unit of weifht, for

example, can still get many foundries in trouble. What needs to i
be known is the optimum mix for any given foundry. The typical

foundry will most likely cast a variety of different parts. Even

the highly automated and captive foundries seldom have the luxu-

ry of making one or two parts. It is not unuual for a single

foundry to cast hundreds of different parts. Regardless of the

variety of the product mix, however, the basic foundry process

is the same. Typically there are four steps in the basic foundry

process (see also previous chapters):
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coremaking

melting

molding

- finishing.

These steps are independent of each other, but they must be closely
co-ordinated. The molding unit in a foundry is considered to have a
fixed cycle time. All other foundry activities are support and are
staffed to satisfy the requirements of the molding unit.

The relationships occuring among the four main steps above mentioned
are based on lecgical operational links that foundrymen work with
every day. Their sound and strategic synchronization improves
productivity and determines product mix optimization.

The particular concepts to be applied in this regard are illustra-
ted below:

~ Break-even and capacity must be expressed in terms of the

foundry's limiting factor: The concepts of break-even and
capacity are inseparable. In fact the break-even level of
any foundry is almost always expressed as a percent of that
foundry's capacity. Then, it is important that the capacity
of any foundry be expressed relative to that foundry's li-
miting factor.

~ Measuring financial benefits by removirg production bottlenecks

(increasing capacity of limiting factors).

- Pricing by the unit of weight may be very misleading.
Concluding we can say that eventhough individual parts look desi-
rable to run, they need to be evaluated in the context of all the
parts presently run in the foundry. What may happen is that even-
though an individual part has a high cotribution per unit of weight
or maybe even perhaps a high contribution per mould, it may tie up
support-department resources that could be used by even more desi-
ratle parts. The entire product mix needs to be examined simulta-
neously. Foundries can evaluate or even reevaluate their entire
strategies relative to capacity analysis. Linear programming

provides an excellent tool to do just that.

An illustrative example is presented in the Appendix.
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Cost estimate: its content

The objectives in attemptirg to estimate the cost of a casting
with a reasonable degree of accuracy are two fold: firstly, for
purposes of determining the price to charge the customer and
secondly of controlling costs. A major function of the cost esti-
mate is to supply the appropriate information to those who have
functional objectives to fulfill i.e. to determine prices, to
control costs, to make business plans. basically, a foundry

wants to know the value of materials, labour, energy and "“over-
head'" services that will be embodied in a particular casting.

The calculation of the direct cost of specific inputs is reasonably
straightforwvard; complications can arise when handling the indirect
or non-specific factors and it is there that foundries may decide
that different levels of complexity are appropriate. The greatest
problem when it comes to using the cost estimate for price determi-
nation purposes is that the cost of a particular casting, so far

as indirect, common or non-specific elements are concerned, will
depend on what other activities the foundry is carrying out at

the same time. For example, a casting will "cost” more the lower
the overall degree of capacity utilisation, a casting may "cost"
less if it can be worked in with another job and so on.

One thing the selling function may want to know is the price that
marks the limit of "usefulness” of the job to the foundry as a
contributor towards the foundry's overall objective. This suggests
that the cost estimate must give a clear indication to the user

of the magnitude of cost that must be recovered if the operation is
to be worthwhile in the terms of the foundry's and/or company’s
general objective.

The cost estimate should also have some multivalued dimension

which would inform the user as to critical elements such as cost '
at differing levels of capacity utilisation, or cost under differing
conditions of product mix. .
The cost estimate here plays a some what ambivalent role in as

much that it may both be based, in part, upon standards and be a
determinant of standards. Foundries vary considerably in size
complexity and sophistication and the degree to which standard
elements of cost will be used will difter from one to another.

In many foundries it will be common practice to estimate the

time taken to carry out the main operations in making a casting-
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coremaking, moulding and fettling - and to multiply those number
of minutes (or hours) by the expected (probably current) labour
rate. Overhead burdens in such cases may be calculated on a histo-
rical basis, as may such shared costs as melting; allowances for
rejects too may be made by reference to a similar principle. Details
regarding the overhead cnsts and direct costs are illustrated in
the Appendix.
Reverting to the preparation of a cost estimate for purposes of
determining the price of a casting not produced hitherto, the
foundry is likely to be provided witn a drawing and with a speci-
fication as to the material and properties required. There will also

be information as to the quantity required and the rate at which

they should be delivered.
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Computer Applications in the Foundry Industry

The computer represents the most significant and universally appli-
cable development in business and commercial activities. All indus-
tries can benefit from the introduction of computers and this inclu-
des the foundry industry. The initial impact of computers has now
passed and many foundries have installed them and accepted their
implications. The applications for computers within the foundry
industry may be classified under the headings of commercial or
technical, although it is inevitable that there will be some over-
lap between the activities.

The process of running 2 foundry involves the interaction of nume-
rous management functions and a multitude of interconnecting infor-
mation. As greater pressure is currently being put upon foundries

to improve the overall performance, it is necessary for them to con-
sider ways in which they can respond more quickly to the ever-changing
needs of their customers, to be able to evaluate qiuckly and accura-
tely their overall financial situation and to be able to allocate
their limited resources in the most effective way.

To be able to achieve these objectives, the management of a company
will have to create an effective integrated management information
system (IMIS) which will provide the required and relevant iforma-
to enable them to take the necessary decisions in a timely and ef-
fective manner. A management information system can therefor be de-
fined as a collection of data which is being constancly updated. A
large integrated collection of data available to a variety of users
constitutes a data base. Data bases provide the basis of most com-
mercial management information systems. A comprehensive integrated
management informationsystem will, therefore, cover the ireas of:
financial accounting, management accounting, estimating, sales order
processing, process control, production control, quality control,
maintenance, despatch and invoicing, payroll, stock contiol, purcha-
sing, credit control and incorporate a sophisticated report generator
of produce reports as required. According to a U.K. census of produc-
tion most of the manufacturing activities in the U.K are now carried
out in relstively small units. The modern micro-computer with its
specially designed software is capable of handling significant quan-
tities of information which already exist in many smaller companies.

It has become apparent in recent years that the market for small com-

pact computerised information systems is growing at a more rapid rate
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for the small company than the larger systems designed for the large

scale company.

The first step in creating an effective management information system
is to define clearly what is required from the proposed system. In
some instances it may be prefearable to employ consultants who c.:
advice on suitable systems or a computer company to write a speci-
fic programme. Whichever method is selected, a certain amount of
flexibility must be built into the system as it will need to be ex-

tended to meet future foundry requirements.

Capabilities of computers

The capabilities of computers can be compared using many different
criteria such as memory size, word size, CPU cycle time, disk size etc,

but ultimately the most important aspect of the computer is the software.

The major classification of the computers used to be micro-, mini-,
mainframe computer, the differences being basically 8 bit, 16 bit and
32 bit wordlength respectively. Recently, strict classification has
been somewhat blurred as new machines have now crossed the former
barriers. Additionally a new category of supermicro has been intro-
duced bringing the powe of the mini into the price range of the micro.
Further it is also possible to link together or "network' normal micro-
computers. The categorisation of computers is complicated by the fact
that the top end of one range compares very closely with the bottom

of the next range making the cut-off point between the ranges unclear.
The relative capabilities can best be expressed by reference to the
type of software available and for the type of use the different
machines can be put to within the foundry fndustry. The Tablie 12.1
illustrates a comparisson of the physical characteristics of the various
types of computers. More information and in particular with emphasis

on process control, production control, CAD/CAM application, maintenance

control etc, is given in the Appendix.




Table 12.1
Discription
MICRO

SUPER-
MICRO

Networked
MICRO

MINI

MAIN
FRAME
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Traditional
ranges

X

Current
ranges

X

Word
size

[bic]

8/16

16

16

16/32

32/64

Costs

£
100-5000

5000-25000

5000-25000

25000-10000G

higher than
100000




ECONOMIC INDICATORS OF HIGH AND LOW CASTINGS INTENSITY:
SELECTED INDUSTRIALISED COUNTRIES

Table AcO/l

G"P/“EAD ’.m 2.0 - 2.5 ‘oo - ‘.5 ..5 - 9'0 905 - ‘o.s “os "2.0
COUNTRIES Yugo- | Portu-| Spain Ire- | Japan |AustrialFrance |Nether-| Ger- |Sweden
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Index of growth of urbanisation
between 1960 and 1980 150 135 130 126 126 108 126 95 110 119
Production of raw steel - Kgs per
head of population 160 66 331 21 966 656 437 415 752 570
Production of passenger cars - units
per 100U heads of population 9 - 27 - 53 0.4 70 6 64 4
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ECONOMIC INDICATORS OF HIGH AND LOMW CASTINGS INTENSIIY:
SELECTED DEVELOPING COUNTRIES

Table A.0/2

GNP/"AD "m lc’ - ‘os ‘.0 - "2 0.5 . 0.8 0.25 - 0.3 o.'s - 0.25
COUNTRIES Korea | Turkey| Chile |Tunista| Peru | Thai- | China | Pakis-|India | Srid
land stan Lanks
CASTING INTENSITY | High | Low High | Low digh | Low | High Low | High | Low.
Nonufacturing tadustry's share in -
the GOP 27 2 24 12 26 19 . 16 18 4
Proportion of total V.A. derived from
. aachinery and transport equipment 19 . 13 7 n . . . 18 . l
Exports of fuel snd minerals as % of g
wmerchandise exports 1 6 74 44 46 1 13 4 0 1 N '
Exports of machinery and transport
equipment as I of merchandise exports| 21 1 . 3 ) 3 3 2 [ o
Proportion of machinery and transport |
equipment in merchandise imports 33 k] 22 3 33 k)] 18 25 19 24
Index of growth in urbanisation o
between 1960 and 1980 196 | 157 118 144 146 108 . 127 122 150
Production of raw steel kgs per head
of population 201 54 (1] 24 26 10 36 . 15 3
Production of passenger cars -
units per 1000 heads of population 3 - - - - - .004 - .04 -

Less than | percent
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Appendix A.1l

Equipment of a mini foundry for gray iron production witl a capacity of

200 tpy (calculated with 8 working hours per day and 300 working days

per year). Produced are canalisation accessories and railway material.

Chargiug material: As charging material for the cupola hematite pig

is needed (because of the small furnace diameter very fine crushing is
necessary); further charging materials are, return material from own
yield (finely crushed), bought scrap (very finely crushed), steel scrap
(small size), ferro-silicon and ferro - manganes briquettes for cupola
charging.

Setting up of operating equipe 2nt

a. Melting Furnace

200 tpy £ 660 kg/day.
Smallest practicably cupola furnace with 400 me diameter; for an easier

repair work a divided furnace shaft can be considered.
Melting capacity per hour appr. 1000 kg

Throughput per working day: 660 kg output
240 kg returns (appr. 40%)
900 kg
+ 50 kg rejects (appr. 5%)

results in 950 kg. This would demand a daily melting time of
about 1 hour. Thereby it is to take into considerationthat the
greatest dimension of the metal charge must not exceed above
160 mm (other wise danger for sticking of melting columm).
For economical reasons it is recommended to pour only each second
day. After each melting day it is left enough time for a careful
reconditioning of the cupola and besides this a longer melting time

increases the economy of the melting operation.

Weight of iron charge appr. 80 to 100kg
consisting of appr. 25 % hematite
40 % returns
35 % scrap iron
coke charge 12-10 %4 = 10 kg
blower capacity appr. 20 Nm3/min.

b. Surface Requirements

Assuming a medium piece weight of 5kg, the production per working day
would be 660:5 = 132 moulds at appr. 10 kg - 66 flasks.

Assumed medium flask size 600 x 450 mm = .27 m2,
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2
Theoretical installation area for daily production .27 x 132 = 36 m

Handling place fourfold = 144 mz
Installation area for 2 productions per day= 288 mz
Cupola house with blower room = 12 m2
Core shop = 15 mz
Sand preparing = 20 mz )
Other and traific routes = 80 m2
2 .

at least 415 m

Moulding Material

When pouring only every second day, the danger of mould drying exists.
Therefore, moulds have to be closed immediately and then to be kept

in this condition. For the reasons mentioned above a clay-free, lime
lime-free naturally bonded sand is most suitable because of its slo-
west drying tendency.

At the volume of a pair of flasks of 600 x 450 x 500 mm the following
results can be obtained: sand volume / mould = .135 m3, at 132 moulds
per working day = 18 m3 consisting of approx. 5 m3 new sand and 13 m3
used sand. To the new sand there are to add approx. 5% coal dust and

5 - 6% water.

During one working day a quantity of approx. Sm3 used sa2nd must be
carried off and, therefore a suitable situated place for deposing it

should be provided for.

As core material, washed and dryed lime-free quartz sand is used with

the grain size distribution .1 to .3 mm.

As core sand binder are in question waterglass - CO,- hardened and/or

2
cold box sand binder.

Foundry Equipment °

1 Cupola 400 m diameter

i1 Cupola blower, capacity 20 Nm3/min

1 Charging top for 150 to 200 kg carrying capacity
(electrical crane to convey the charge)

1 Sand and squeezing mixer for appr. 2.5 m3/h (capacity)
(possible as complete aggregate or separate)

1 Sand centrifugal machine for milled sand

1 Vibrating or rotary screen for used sand

1 Core sand mixer
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1 Pin lift jolt squeeze moulding machine for drag boxes

1 Turnover-jolt squeeze moulding machinefor cope boxes of table
size according to the largest (canal lattice) to be made on
the machines.

1 Light, hand operated travelling crane for setting up and pou-
ring the moulds.

1 Core shooter

Floor grinder of high speed

- N

Airless steel shot blasting machine
1 Compressor, supplier for: 2 moulding machines
1 core shooter
(1 light travelling crane)
4 compressed-air rammers
3 cleaning hammers
3 portable grinders
1 Blade stacker truck
1 Weighing equipment for cupola charge

Various hand trucks.

The small size of the plant - mini foundry - does not justify the
procurement of test of test and control equipment as well as instru-

ments. The sand quality is very sufficiently controlled by hand.

The cast iron quality is very sufficiently controlled by the cast
wedge sample, which will be broken after quenching in water and
where the chilling tendency is observed at the top. When the chil-
ling tendency reaches too much into the wedge, the casting quality
can still be influenced before pouring small additions additions
of ferro-silicon into the ladle. For the requested kind the chil-

ling tendency must be kept very low (1 - 2 mm). The fractured sur-

face should be uniformly fine gray grain.
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AEEendix A.11

Illustration of a multipurpose mini-foundry

(to serve as an example and variant of approach to the mini concept)

Product mix: a) Ferrous
Grey iron and high duty graded iron castings such as
brake drums, clutch housings, gearbox castings and
other automobile cast component for Threshere and
Rice haulers, special cast pipes and fittings such
as bands, tees gate and globe valves, pump impellers,
diesel engine cylinderliners ironing press, metric

weight, etc. 480-600 tpy

b) Non-ferrous castings

b.1) Aluminium and aluminium based alloys such as
components for automobile and diesel engines, power
fillers and tracters.

b.2) copper and copper base alloys such as gunmetal

bushes, shafts, propellers, pump impellers, etc. 50-60 tpy

Production sections

Melting section: (a) 8 to 10 heats producing per day (24 hours) about

1600 to 2000 kg of liquid iron or steel for conversion into shaped castings
or on the basis of 300 working days in a year a total of about 480 to 600
tonnes of liquid metal. (Melting unit: 200 kg mini, basic lined, Direct

Arc Furnace). (b) A furnace having capacity of 100 kg by operating on a
single shift of 8 hours per day will produce about 200 kg of liquid metal
or 50 to 60 tonnes per year. (Melting unit: oil fired tilting crucible
furnace).

Moulding and Coremaking Section: No-bake resin bonded sand practice is
adopted for both ferrous and non-ferrous metal castings for which one
Fordath mini mixer running about 3 tonnes of sand per hour is being in-
stalled. This mixer is able to prepare all the moulds and cores for both
ferrous and non-ferrous castings. In this particular case the quantum of
production by means of a low base price for silicon sand does not warrant
reclaiming the used sand economically. Hence no sand reclamation is envi-
saged.

Fettling and heat treatment operators: After the hot metal has been poured

in the sand moulds and solidified to normal temperature the shaped castings

are separated from the moulds by breaking the sand moulds. Thesa castings
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then undergo series of finishing operations such as cutting off or
knocking off. Basically all castings ferrous or non-ferrous are shot-
blasted in ax airless shot blasting plant to secure better casting sur-
faces. after finishing operations the castings are heat treated by means
of an electric heat treatment furnace. this will ensure physical proper-
ties. after heat treatment shotblasting in the wheelabrator plant follows.
Pneumatic chisels are used for further finishing and removing extra metal
flashes and fins.

Testing laboratory: For keeping strict watch on the quality of end pro-
ducts the following testing facilities have heen provided with modern
scientific apparatus: (i) chemical analysis section; (ii) sand testing
section; (iii) mechanical testing section; (iv) metallography testing

section.

Raw materials requirement and availability

A) Melting scrap
(i) Ferrous (availability of 2000 to 4000 tonnes of iron and steel
scrap from various sources as, agricultural workshops, rejected
vehicles, sunken boats, etc)

(ii) Non-ferrous metal: (Sufficient non-ferrous metallic scrap such
as rejected gun metal bushings and propellers are available for
remoulding. But certain amount of virgin copper or copper scrap,
aluminium may have to be imported for adjusting quality and me-
tal compos.tion).

(iii) Fluxing and alloying elements, refractory materials: (limestone
as the major fluxing material; alloying elements such as ferro-
manganese, ferrosilicon, fluorspar etc; oxygen gas for oxidation;
refractory materials such as magnesite and fire bricks; graphite

electrodes). The additions are normally 107% of the total charge.
B) Moulding and core making materials

High purity silicon sand, bounding material such as bentonite or resin

binders, mould and core paints.

Electric power characteristics

H.T.: 11 kv 3 Phase 50 Cycles
L.T.:  400/440
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List of main equipment and brief specification

A) Melting Shop

1) Mini Direct Arc Furnace of 150/200 kg capacity, top charging type
with tilting mechanism for slagging and tapping operations, manual- -
ly operated electrode lowering and rising device furnace transformer
connected to 400/440V 50 cycles, 3 phase ac line on the primary si-
de and specially built to have three tappings om the secondary side
at 135, 115 and 95 volts for operation with two graphite electrodes
of 62.5mm dia and a2 control panel comprising of 3 ac voltmeter sui-
tably scaled. 1 Ammeter suitably scaled, 1 set of indication lamps
all mounted on the panel and tap changing switch built in the tran-
sformer, complete set of refractory material for the first lining
and 62.5 mm dia graphite electrodes screwed and soketed type -com—
plete unit- with all other essential accessories.

ONE UNIT

2) 100 kg capacity oil fired tilting furnace complete with oil burner
of suitable capacity for melting copper, copperbase alloys, alumi-
nium and aluminium alloys, airblower, electric motor starters and
all esserntial accessories.

ONE

3)Ladles and hand shankes of following capacities

a) 250 kg capacity - TW(Q UNITS

b) 200 kg " - TWO
c) 150 kg " ~ TWO
d) 100 kg " - TWO
e) 50kg " - TWO

4) Ladle heater oil fired type with necessary burners and blowers-
and electric motor starter mounted on a stand and with a top cover. .

ONE

5) Portable platform weighing scales of 500 kg capacity-steelyard rype.
ONE

6) Salters pan balance 50 kg capacity
ONE

7) Optical pyrometer range 1200 to 2000
ONE
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B) Moulding shop

C)

1)

2)

3)

4)

5)

6)

Sand Mixer of 100 kg batch capacity complete with electric motor
and starter suitable for operation on 400/440 V, 3 Phase 50 cycles
electric line.

ONE

Auto Riddle mounted on a tripped stand complete with electric mo-
tor and starter.

ONE

Fordath Mini Mixer for mixing furane or phenol formaldehyde type

of no-bake cold setting resin-binder complete with liquid resin
storage and pumps, sand storage hopper of 10 tons capacity mounted
on the mixer and hoist of suitable capacity (o raise sand from the
ground bin to storage hopper. The mixer will be complete in all res-
pects, for ramming molds and cores on roller conveyor , complete
with all electrical motor starters and internal wiring suitable for
400/440 V, 50 cycles, 3 phase electric main.

ONE

18" wide roller conveyor loop total length approx. 30 m wich &

quadding machines to make an endless loop.

Pneumatic rammer

WO

Mould boxes of sizes:

750 x 750 x 150 mm : &4 pairs
600 x 600 x 150 mm : 6 pairs
500 x 500 x 125 mm : 6 pairs

Fettling shop

1)

2)

3)

Wheel abrator type shut blast machine with cabinet complete with at
least two high speed impellers suitably located for maximum effici-
ency of blasting operation complete with 21l electrical motor and
starter of 400/440 V 3 phase 50 cycles electric line.

ONE

Double ended heavy duty type. Duplex pedestel grinder with 600 mm
dia x 100 am wide grinding wheels with electric motors starter and
dust equipment.

ONE

Electric heat treatment furnace of 1250 mm x 1000 mn x 750 mm

chamber size complete with operating door and all electricals for
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temperature rise of 1100°C thermostatically controlied and with a
built-in pyrometer indicator and thermocouples suitably positioned
complete with refractory materials.

ONE

4) Transformer type electric welding set of 250 amps capacity

ONE

5) Pneumatic portable grinder suitable for 8" dia grinding wheel
ONE

6) Pneumatic portable grinder suitable for 6" dia grinding wheel
ONE

7) Pneumatic chipping hammer

THRFE

8) Oxyacetylene gas cutting torches complete with one set of nozzles
of different sizes, and rubber tubings etc

ONE

9) Marking table 4ft x 4ft size
ONE

D) Testing laboratory

1) Chemical section
1) Apparatus for determination of C & O complete unit with combusti-
on furnace and combustion boats

ONE

2) Sensitive laboratory microbalance for weighing of samples
ONE

3) Laboratory muffle furnace of 150 mm x 100 mm x 75 mm chamber
size suitable for temperature rise up to 1050°C with all es-
sential accessories and pyrometer
ONE

4) Fume cupboard of approx. 3ft x 3ft x 3ft with sliding glass

door exhaust fan and chimney

ONE
5) Electric hot plates: a) 1 kw -ONE
b) 2 kw -ONE
c) 3 kw -ONE

6) Destilling apparatus
ONE
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7) Laboratoxy tables and complete set of neutral glass wares

8) Electrolysis apparatus for testing non-ferrous metals
ONE

9) Ralley's Pillar Drilling Machine for drilling about 1"

dia hole in steel complete with all electric motor and

starter.

ONE

I11) Sand testing section

1) Rapid wmoistur teller

ONE

2) Standard permcability meter complete with ranning

accessories specimen tube etc, cmplete unit.

ONE

3) Compression strength machine

ONE

4) Mould hardness tester
ONE

5) Core hardness tester

ONE

6) Complete set of sieves mounted on sieve shaker for
granulometric analysis of base sand complete with

electric motor and starter

I111) Mechanical testing section

1) Universal testing machine table mounted model manually
operated 20 tonnes maximum load working on hydraulic
system suitable for tensile, transverse, berd testing
and hardness testing attachement and with complete
measuring instruments and gauges.
ONE

2) Test piece turning lathe 4 ft bed -6" height of centre

complete with electric motor and starter
ONE

3) Double ended table mounted type duplex grinder with 6"
dia grinding wheel complete with electric motor and

starter.
ONE
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IV) Metallography section

1) Metallurgical microscope with course and fire focusing attach-
ment square stage 120 x 120 mm fitted with bright illuminator
with field and apparature diaphragm 6-12 V step down transfor-
mer with extra straight monocular tube for fixing photographic
camera.
ONE

2) vValco polishing machine complete with all electricals
ONE

3) Dark room accessories —-for developing and printing

V) Miscellaneous
1) Hydraulic pressure testing apparatus with hand pump and pres-
sure gauges and piping.
ONE
2) Complete set of metric measuring scales, pattern maker's
contraction rule, Vernier and micrometers, outside and in-
side callipers hammers, chisels etc, moulder tools such as

cleaners, trowels, polishers etc.

Manpower requirements

Supervisory and technical staff

1. Manager (1)

2. Chief Metallurgist (1)

3. Foundry Methods Engineer (1)

4. Moulding Shop Foreman (1)

5. Fettling Shop Foreman (1)

6. Chief Inspection Foreman (1)

7. Metallurgical Chemist (2)

8. Metallurgical Tester (1)

9. Metallurgical Metallographer (1)
10. Sales Engineer (1)

11. F.nance and Cost Controller (1)
12. Progress and Planning Clerk (1)
13. General Clerk (purchase and stores) (1)

14. Maintenance Engineer (1)
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Operating technicians

Ferrous casting section

1. Furnace operators (4)

2. Ladle repairer/pourer (3)

3. Sand mill operator (3)

4. Moulders & core makers (4)

5. Helpers (3)

6. Grinding m/c operator (2)

7. Pneumatic chipping hammeroperator (1)
8. Welder/gas cutter (1)

9. Floor labourer (1)

10. Shot blast operator (1)

11. Heat tr. furnace operator (1)
12. Pattern makers (3)

13. Floor labourer (1)

14. Others (2)




endix A.I11

Mubiproduc ogstiron foundy

This type of foundry will be capable of supplying small parts and
components weighing up to 20 kg and made of grey cast-iron, grade 1410 17. Its
products will be nceded by workshops and establishments at village level
producing silnple metalworking products. {t is possible for such a foundry to
expand the activities of related metalworking establishments in 102§ uuages
The viability of the foundry depends on local demand for trained manpower

available at ceatral village level.

Table A.II1/3 EQUIPMENT REQUIREMENTS

Number Estumaned

Dexcrigainn of squpment requred price (LS
Cugols lurnace for meliing liquid cast-iron. capacity of Yis Uh, inside

digmetet of cupola. 30 omn. heigin of cupola. 3.0 m, with blower

and wowr. rool board and cupola lining 1 set o000

hoit and structure. capacity of 0.5 1 300

Core oven and samd-counditivning equipment 1set 2u00
Mouid-making machine with maximum casting capaxcity of 3 cm?

of seel 1 2306
Core bomes for 8oor moulding (various vzes) 40 1000
Platform cale foc weighns of 310 ¢ i 1 00
Ladies. copacity of 300 kg | 300
Ladies. copacity of 100 kg Q 300
Hand shanks and ladles. capacities of 10-20 kg 6 200
Cmemwhl-tbom 1set 2000
Showvel, nddies and cree 00
Double-ewnded grinding machme. wheel diameter of 30 em | %00
Tumbler, two air grinders. chipping hammers 0
W hecibarrows <4 200
Exhaust fan and air comprensor. about 30 L's at a pressure of § bars lofexch 2500
Pattern-maeking thop
Band-saw with a 12 $-mm blade 1 [0
Wood-working 1ols L0 )
Belt sander ! 0
Hangoperated cross-cut l Ll
Driling machine of 12.% mm for miid steel 1 )

1

Woud-working lathe with 4 tumning Jiameter of up to 1S cm
Towal

1 (W)
2200
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Aggendix A.1V

Description of a foundry unit for iron and non-ferrous

The foundry unit described below consists of an iron foundry, a small
non-ferrous foundry, a machine tool and maintenance department and a

pattern-making shop.

Casting technology: Production of sand castings involves the steps,
production of the pattern, production of the mould, preparation of sand
and honding elements forming the mould, preparation of cores, prepara-
tion of molten metal, assembling the cores and clamping the moulds,
pouring, knock-out, final conditioning, inspection (in line and on fi-

nished produvts!.

Product types and costs: The plant consists of a casting unit producing
mainly grey and nodular iron parts with a small shop for non-ferrous cas-
tings. The capacity of the plant is 2000 tpy of usable iron castings and
36 tpy of "good"” non-ferrous castings. Figure A.IV/1 is a general floor
plan of the foundry. Table A.IV/1 includes a detailed list of technolo-
gical equipment and machinery, general installations, buildings and site
development. The costs listed in Table A.IV/1 are brought together in
Table A.IV/2 with the corresponding f{reight and installation costs.
Details of production, personnel, wages and salaries will be found in

the Tables A.IV/3 to A.1V/8. Operating costs, revenues and depreciation
are detailed in the Tables A.IV/9 to A.1V/12. For rough castings 10% of
the manufacturing cost has been considered a "contingency"” to be added

to obtain operating cost. Overheads for service sales and management are
included in machine costs. Table A.IV/13 compares costs and income to
yield predictions of profit and loss for the foundry during its fi-st five

years of operation. The break-ever point will be reached in year 3.







Table A.IV/1 (cont.)

Cone Coms
(Neuseads of . (Thowsanks of
(L] dallers) Toem dollers)
Rollers Lathe
Roller transfer tables Thicknessing machine
Moulding bozes Drilling machine
No-bake mowidiag &0 Grinder
Marking-off beaches (2)
New-sand silo Carpeates’s benches (T)
Comtinwous mixer (3 to 4 /h) ) .
New-sand storage bie Machine shop equipment 3
Vibrating table Centre lathe
Rollers Universsl malling machiae .
Transfer tables From swiface grinder
Hoistng device for mould handling Radial dnill
Pt moulding - s Columa drills (2)
Bench dnill
Hand tools Back saw .
Pit with movadie pancls Double gnader
Preumanc hammer Horizental turret tathes (2)
Total moulding ns Pressi1S 0
imversal sharperung machine
Core room 3 Arc welding machine 7 kW
Core sand mullers (1 Pacrable ot_yxﬂyknt welding stanon
Manualh operated seif-hardening sand- Portable dnll o
<ore machine {gas automatcally con- Refereace tabic {1 500 « 1 500 mm)
trolled) Benches with vices (8)
Bench core bluwer ($ litre) Sets of wrenches, files, miscellancous
C dlower (12 In oh hanized equipment 15 sets)
mo: draning ‘,“-m;c rh mee Sets of wWols and cectrical mnstruments
Cure benches with 1and hoppers |9 for maimenance (3 sets)
Core oven wuth heate: umt (two compart- Tools and fixtures 178
mea’s) s
Core racks (or oven baking Gauges -
Manual low-bed Lft truck for aven Sheives. comainers. supporing (razees cic. 157
charpag Totai machine and muntenznce
Feuling and cleaning ronm 0 shop 691
Endiess apron shotblast machine
A blast cabinet Maienal handling equipment 123
Pedestal gnnders Fork dift 1racks (3)
Abrasive cut-oll ma.re 'avdular iron) Battery charpng stanoas ( )
Benches for deburnng Trucks (2)
Swing-frame grinder Passenger cars 12}
Snag grinders {portable) Power shovel
Arc welding (to be used only later) Dumper
Other portable tovls Evhaust and dust-collection sysiem 120
Oserhead bridge cranes %0 Wet-dust  cu'lector for sand  plant
Bridg: crane (14.5 m ipan. controlled 110 m'/aun)
from the floor) Wet-dust zollector for shake-outs (siudge
Overhead bridge craass () for the two tank)
bars 114.5 m span. contritled from the Shot blas: dry-bag system
Aour) Gnnders dry bag »ysiem
:.:‘;l'::l‘ brigge srare for furnace bay Crilizies 190
T Air compressors ) 000 m'/men with asr
P and labe Y s 100 drver and cefngeration unit 12)
Macking-off beach Eleciric equipment: (ransformers 500 kVA
Magnetoscope imedivm and low voliage boards).
Egquipped marking-ofl beach Siand-by gewncrating set OO KW aad
Microscope aud micrographic squipment uther electnic (aalities
Quantcmeter Service water sysiems (tank | 000 m")
Laburatory equipment for analysis and Hydraulc-»anitary water system
sand control Gas, vil and other luels and distnbution
Inspection equipment srsiem .
Paitern making (wuod or resin) 170 Main foundny buildings 400
Mulling machines 1) Bay metsing 116 m high)
Copy milling machine Foundry Bays 112 m hugh)
Buzz planer CRaning z0m (9 m hgh) -
Sandpapering surfaces Si fe shed (sand plamt) .
Homing machine Paiiern  making, mochining mainien-
Belt saw ance sad general store 140
Offics buildings (st $300 per m’) 300
Cabine for iransformers and compressors »
Toisl buildings 70
Roads snd sres ar.angements (including
scrap yards) 9
Fence 2
Sewers and drainage 5
Toual site development 9
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Table A.1IV/1 (cont.)

The following equipment would be ascded for the
suppiementary non-ferrous foundry: for melting, a fuel-
ol crucible furnace (133 litre) with comtrol equipment.

three ladles and a heating station plus linings and
refractory maintenance. For moulding. one moulding
jolt machine for sand cas’ings. hoppers, misers,
° clevators, acrators for sand moulding, a bench for hand
moulding, twd gravity dic-casting benches with manual
operating sequences, and flasks and related equipm=at
sre meeded. For core makiag, & cores room, mixers, 3
¢ bopper, core benches for two work stations with a no-
beke process, and auxiliary equipmient is needed. For
the cleaning and feitling shop, a belt saw, knock-out
and feuling benches, two grinders, shop fixtures and
equipment. For inspecting, sand and castings inspection
laboratory equipment. Hoist devices include two service
hoists for tapping ard pouring. The total cost of
equipment for the noa-ferrous foundry is $106,000.

Table A.IV/2: TOTAL ESTIMATED CAPITAL COSTS FOR THE FOUNDRY
(Thousands of Jollars)
Frevght and

Cosi group Equipment mssatianon Tosal
Melting and pouring 25 127 362
Sand 7 130 457
Moulding s 32 247
Core room 35 0 £}
Fettling and cleaning room %0 M 13
Overiead dridge cranes 90 28 11}
inspection and laboratory testing 100 [} 11}
Paitern making 170 2 131
Machine and marnenance shop 6 99 7!

Material handling equipment 128 (] 135
Exhaust and Just collecuon 129 0 160
Cuilities 190 L] pa 1]
Buildings #70 1 W00
Site Jevelopment $0 10 100
Noa-fesrous foundry 106 3 138

Toz) Jas4 o9 410)
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Table A.IV/3: PRODUCTION AND PERSONNEL FOR THE FOUNDRY

ROUGH CASTING PRODUCTION BY YEAR®

Year 2 Year 3 Year s Yeor §
Fracnon Frocnen Frocton Fraction
Amouns  of to1al Amowns  of ioval Amoun:  of 1ol Anvouns of 1vai
Toem " 3 m e ] ) n (7]
Grey iron 500 90 1 000 89.5 1250 83 1 360 83
Nodular iron L) 9 100 9 150 10 240 15
Non-ferrous 6 | 16 1.5 25 2 x 2
Total 556 1116 1325 1630
€Year 1 has o production.
Table A.iV/4: NUMBER OF EMPLOYEES IN CASTING PRODUCTION BY YEAR
Job category Yeer ! Year ? Year 3 Year 4 Yesr §
Skilled 20 p. 1] b} 30
Semi-skilled n 37 45 48
Unskilled 45 45 52 52
Supervisors 10 10 12 12
Management staff and engincers . 10 10 It 12
Total 122 122 144 154
Table A.IV/5: NUMBER AND KINDS OF PERSONNEL In TH* FOUNDRY AT FULL PRODUCTION
Job cotegory
Depoviment Toel Sklled Sems-skilted Unskilled
Moulding 0 b] 15 10
Melting 13 ) 7 3
Powring s - 4 4
Shake-out 6 - i S
Sand plam 7 2 3} 2
Core making s 3 3 b3
Clesning 26 2 6 1]
Masintenance s s - -
Store ] J 2 2
Shot blast 4 - 2 2
Laboratory inspection ] 3 4 !
General duties 7 3 § )
T~al production staff 130 ; t-l 5
Patiern shop 16 10 5 J
Machune shop 10 [ 4 -
Total 156 46 (29%) 57(371%) 53 (34%)




- 171 -

Table A.IV/6: WAGES AND SAL \RIES PER EMPLOYEE IN THE FOUNDRY BY YEAR
N *Thousands of doliors)
Job caregory Yewr ! Yeer 2 Year s Yewr & Yeer ¢
° Skilled ] 20 25 28 30
Semi-skilled 10 1.2 1.5 18 20
Unskilled 1.0 11 14 1.6 18
Supenasor 30 1S 40 45 50
Engineer 50 55 6.0 6.5 7.0
Management and staff S5 6.0 10 15 80
Total 170 193 24 07 Fﬂ
Table A.IV/7: TOTAL WAGES AND SALARIES FOR ROUGH CASTING PRODUCTION BY YEAR
¢ Thousands of dollors)
Job ceregor: Yeor ! Yesr 2 Yeor ! Year 4 Year 5
Skilled 40 50 67.2 90
Semu-skilled 444 55.5 L1} 96
Unskilled 9.5 63 83.2 936
Supervisor 35 40 54 60
Engneer 1t 12 13 21
Management and .taff ss 56 67.5 72
Total 1657 235 276 366 412

ST ramung cont only

Table A. IV/Q: WAGES. SALARIES AND OVERHEADS FOR WORKSHOP AND ENGINEERING SERVICES IN THE

FOUNDRY BY YEAR
Yeor | Yeor 2 Yewr 3 Year 4 Yeor §
4Amownt Amount Amownt Amount Amount
Number of 11h ds  Numb 71 J) Number of {1h ds  Number of (thousands  Number of (thowsends
lrem novkers  of dollers) wovkers  of doliws) workevs of dollars)  workers  of dollers) workers  of dollrs)
Patiern shop 4 6 ] 16 8 2 10 28 10 30
Machine and
maintenance shop 4 6 8 16 10 25 10 28 10 3
Engineers and
technicians 2 1 8 48 10 70 12 90 12 96
Overheads® 80 90 100 100
Total 10 63 24 160 b 4 205 2 246 32 256

OCakulated as $5.000 per machine.
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Table A.IV/9: COSTS AND REVENUE FOR THE FOUNDRY

MATERIAL COSTS
(Dollars per 1on of rough castings)

Joem Grer won Aadvier wen Non-ferrous

and noa-ferrous allovs 195 235 1750

coke for cupola 11d 165 120

water. oil. and other items 17 147 120

repair, space parts _li) 150 150
Touwl 632 92 2290

Table A.IV/10: - FOUNDRY PRODUCTION COSTS BY YEAR
(Thousands of dollars)

Irem Yeor | Year ¥ Yeor 3 Year 4 Yewr 5

Raw and ausiliary materials _ 160 47 39 »6
Expendable and maimenance
materials - 90 i34 185 5
Wages and salaries 16 235 2% 366 432
Contingency (0% of .
manufacturing costs) 17 b ] 62 83 101

Toul "2 58 e %3 I 178

SFor the second year (when produciion begins) efficsency of prod:sction is consdersd 1o be 3 of optimum and
o regect rase of S0 is assumed. Ao contingeacy was increased (0 155 . In subsequent vean. incressmg cfficincy and 8
107X reject rate are assemed.

Table A.1V/1IREVENUEFROMSALE OF WORKSHOP AND ENGINEERING SERVICESBY YEAR

(Thousands of dollars)
Type of service Yew | Yror2 Yeor 3 Yeor 4 Year $
Wor.hho' L 3s 56 151 182
Enginesring _: g 90 180 m
Total « 13 o 17 p 2 1] 0
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INVESTMENT AND DEPRECIATION BY YEAR

Table A.IV/12:

t Thocsunds of dollers)
Irm Yewr I Yeor 2 Yewr § Yeor Fewr §
Imvestment
development 1 000 —_ - .
General instaltations 525 -_ —_ - —
Techmcal equipment 1 500 420 350 s —_
Tol 3028 v 350 308 —
Depreciation
Building and sitc
daclop-em ] L] L] 0 20
General instaliatioms 2% 26 26 2 26
Technical equipment 150 192 m 27 275
Tual 216 2 23 Ml i
FGUNDRY PROFIT AND LOSS
Table A.IV/13: 1 Thowtends o7 gctlarss
Tiem Year | Year Yogr ) rod roar
Income
Salk of products - 96 I 46 I 312 w7
Sale of senvices 3] & 176 330 o
Training subsidy® 2s i49 60 ?2_ -
Total ncome 233 913 1 6dn Q0% 2594
Couts
Foundry prduction custs 182 555 9 v6) 114
Workshup and engincering
EN ICES Cusls [3) 160 205 30 250
Depreciation and loan nterest 254 00 135 $43 533
Toual costs b k) 1043 1289 I 732 1983
Net profit {loss) (26%) (AN131 we 43} od]

TFor bocal sesining anly







- 175 -

Aggendix B

Horizontal continuous casting of ductile and grey cast iron

Cast iron has been produced by the horizontal continuous casting (HCC)
method for over 25 years. Grey cast iron can be produced as wellas ducti-
le iron and Niresist alloys. Continuously cast iron melt is cooled much
more quickly in the water cooled moulds th-n the melt cast in sand moulds.
Thanks to the economic and qualitative advantages, continuously cast iron
has been able to take a firm place in the metal working industry (Fig.B/1).
According to conservative estimates, the yearly production of continuously
cast iron in Europe was 110000 t, in japan 50000t and in the USA 50000t

and continues to increaso.

An HCC plant for cast iron consists of a holding furnmace, coolers, moulds,
a withdrawal device with control unit, run-out tables, cutting unit and

break-off unit.

Csat iron sections with lamellar and spheroidal graphite can be manufactu-
red. The chemical composition depends on the cross section of the product,
Table B/1. Round bars can have diameters of 18 up to 500 mm. Squares and

rectangulars, special profiles and pipes can also be produced.

In Table B/2, Figures B /2 and B/3 the mechanical and physical properties
are shown. A summary of the technological properties with more illustrative
character is given in Table B/3. Guide figures for the tolerances and

machining allowances can be taken from Table B/4.

Due to their extremely fine structur~, HCC materials are ideal for

hydraulic control devices. Sometimes it is even referred to as hydraulic

material. The HCC process is a continuous process and is ideal for the
rationalization and automation of foundry techniques. It is therefore
usually cheaper to produce an HCC product than a similar product using

another method.







Telersaces and machisiag allowances for contioususly cast iren (sppreximate values)
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Techaslogical propesties of HCC material from grey

iren

Structuce

Pearlitic/femitic  Fervitic
Machinability good very good
Folishability very good very good
Corrosion and acid resistance  very good very good
Damping capacity very good very good
Wear resistance good limited
Galvanizing properties good good
Enamelling properties good good
Hardenability good -
Distortion very slight none
Table B/3

Tolerances Machining allowances
(mm) (mm per side)
upto 25 mm O +1 |
over 25-100 mm @ £l 2-3
Round bars over 100-200 mm @ +2-1 4
over 200 mm @ +3-1 b
" outer O See round bars
Pipes inner D +0-3 b
length of side up to 100 mm tl 3
ffc“‘:;":;;‘: bars. OVET 100 0 200 mm +2-1 4
special profiles over 200 mm +3-1 5

comer radius min. 3 mm

Table B/4
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Shot blast analysis schedule
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As common factor for the cost estimate has been chosen the machine utili-

sation or wheel hour-run. In many cases the cost per wheel-hour run can

be similar on differing machines. However, when comparing the costs per

tonne processed, a differential of 200-300% can be found. It must there-

fore be emphasized that cost per tonmne is not

an ideal instrument for

comparisson purposes due to the possibility of machines processing dis-
similar castings.

Shot biast analysis schedule
From:
Machinz: type Machine no. Cost centre Time period T Date
o:
Hrs.
Operational data Work processed Tonnes Time period Machine utilization =
Good Wheel hours run Wheel hours run x 100 =
Shift hours worked
Rework Shilt hours worked Tonnes per wheel hour
Total M/c downtime = Total processed tonnage
Wheel hours run =
Section §
Production consumables
Cleaning media Type Cost’kg Caiculation Cost/
WHR
Unit £ hour
Costs Amount replenished (kg) Replenishment vost Replenishinent cost =
Wheel hours run =
Section § sub-total
Section 1
Operstions! costs
: Cost/aperation hr. {A) x cost/hr. x shifthrs. o
Manning No. of operators (A) inc. O/7H and supervision Wheel hours run
Cost/engineer hr. {B) x cost/engineer kour £
Maintenance Hours booked (B) inc. O/H and supervision Wheel hours run
Cost of spares =f
Spares Cost of spares Wheel hours run
Section 2 sub-total
Section 3
Service costs
Eleciricity Units used x unit cost of
(inc. filter) Units used (kW) Unit cost/kW Wheel hours run
Others, air, ctc. Uniis used Unit cost/kW Units used x unit cost of
Wheel hours run
Waste disposal Tonnes disposed x cost/t o
(dust, sand) Tonnes disposed Cost/tonne Wheel hours run
Scetion 3 sub-totat
Section 4
Recovery costs
Deparimental Area (m®) Overhcads/m?/annum Area x overheads =L
Shift hours/annum
Depreciation (C) Replacement cost of M/C Exlimgcd £ Actual
(D) Write off period
(E) Est. hrs utitization P.A Wheel hrs. run x hrs P.A. = (F)C+D -~ F £
Time period hrs
Section 4 sub-total estimated M/C costs i Actual M/C costs £
Summation of cosis
Cost/wheel hour run /WHR Cost/1onae processed /Tonne Summation

Summate section |

Summaie section 1, 2 and J

1

Summste section 1 and 2 3
£

{

Summate section 1,2, 3 and 4

Cost/ WHR
Cost/WiHR
Cost/WHR
Cost/WHR

+ (onnes/wheel hour
+ tonnes/wheel hour
+ tonnes/wheel hour
+ tonnes/ wheel hour

At 0 o

LY X 1 ]
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Appendix E.I

Illustration of a foundry investment project
R

The case shown is the proposed investment of £11 million, of which £4 mil-
1on will be provided by Government Grants.
Project: Building of a completely new foundry for the production of 15500
tonnes of iron and steel castings per year.
Investment begin: 1977
Production begin: 1980
Level of full production reached: 1984
Foundry location: on a green field site.
Tables E.1/1 to E.1/4 show the basic data for the evaluation,
including the capital investment programme and the detailed

operating cost and revenues.

Evaluationﬁ: The initial financial evaluation is shown in Table E.1/5.

The investment takes place in the first three years, followed by the
profits of the assumed ten years life of the foundry. The net cash

flow shown is after tax profits, less the capital expenditure and

working capital. The cost of finance for this project is 12%. The I.R.R.
on the project is calculatrl to be 21.67% and is based on the assumption
that the estimates of sales, sales price, capital costs, material costs
and all other costs will be those actually achieved. To enable the mana-
gement of the company to take iLhe correct decision with the maximum infor-
mation, a sensitivity analysis is carried out. Each of the variables

which make up the estimates of net profit and capital expenditure is
varied by 10%, 20% and 30% in both a favourable and unfavourable direction
and the 1.R.R. calculated for each case. The calculations are shown in
Tables E.I/6 to E.1/12 for each factor and the I.R.R for each variation

is also shown. Having made these calculations, the results are tabulated
giving 43 different 1.R.R. The graph showing the results of the sensiti-

vity analysis of this project is shown in Figure £.1/1. The mean value of

*Noce: For the purpose of evaluation only, the life of the foundry is

considered to be ten years. It is further assumed that at the end of this
period the assets will be sold at their net book value. The period of ten
yrars is considered as being conservative estimate which may be reasonab-

ly forecast.
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Semmary of suies volue sad preduction cost
SEstmmated market price
Description A | In A
[

Sales Value

Iroa Castings 3IMS 4200 | S7006%

Nodulas Castings .0 5.0 400 390

C. Sseet Castings 19%.5 9340 185399

S. Sicel Castings 1140 24970 | 2006028
-4 _—

Total Sales Valwe 155100 9 108 607

Tosal Production Cost by 5102]

Table E.I/1

Table E.1/2:
Prejected annusl preduction ard appertionment of cests

Description Unie | 1977 | 1978 ! 19 | 1980 | 1om | 3w | 5983 | 1984 Mo
R Pruducion Toms - - — 22775329 [ om0 | 7756 [15511 | 15580 [ 1551
% - - - 15 » 45 0 100 100 100
Moulding Capacity Shifes | — - - 1 1 t 1 b 2 2
Salarxes =< - % 0 45 S0 53 w0 100 100 100
Wages % - - - 40 ® I S0 100 100 00
Mascrials L 3 - - - 15 35 45 s0 100 100 100
Puwcr and Fucl % - 2 4 15 3» 45 L7 100 100 100
Other Coty = - s 10 25 0 S0 0 100 100 100
Iable E.1/3:
Prajected operating costs (L) 1978-1984 ot 1977 prkces.
1 1N 1980 1985 1982 1983 1984
Wages -_ - 1 ] LR 1120487
Salaries 4“7 8833 » 937 1nioe 122196 133250 223080
LY A 4 %I o ) o192 o 3 To 7N 124243
TOTAL WAGES 49303 98 605 812423 2479 "9 Tl 477 147581
Marenalks - - 430 704 10049% | im2112 1435081 2874 30l
Pmes ‘Foel 9102 12203 8202 159278 24 780 227541 455081
ey Comas 1) 088 20177 65 442 104 207 " 0 B84 157061 261 o8
TOTAL COST T 7148 | 13295 117 T893 710 TITERY | T5050% | SOndn2y
SAIFS 1 = T = T 161 | S18A012_] J0MRIS | 45W3 | S1oRe7

PRE-TAX PROFIT

Table E.1/4:
Coplial lnvesiment programme incloding grant payments af 1977 prices

O8N T 0 | W | Ty | TN | TR T

DESIGN
DESCRIPTION 1o 1977 1978 197 1980 1981 TOTAL
Land Mo 12 000 - - - - -
Site Development maofl 219 - - - - -
Buiklings — Production 00828 $0000 | 1900000 99828 - - -
Buiklings — Ancillary 24108 - 200 000 %1000 | 107108 - -
SUBTOTAL 2185 | 332020 1 2100000 | 193828 | 900108 - -
Mant and Equipment — Production | 8170734 - 3945000 | 3200000 | 102874 - -
Pant and Equipment — Ancillary 14124 - - 14124 - - -
TOTAL INVESTMENT | 10013714 | 332920 | e04s000 | 3407952 | 1928802 - -
Regiomal Devebrpment Gram @ 20% - o4 | 1209000 | emse0 [ 2281 - -
FF.) Grant @ 15% - e | 2000 HON - - -
FE.1 Gram @ 28% - - o | o000 | 20814m - -
IOTAL GRANTS - 100014 | 2220000 | 538309 | adm? - 4102 900
SELF FINANCE TOTAL - 129900 | dmvomo | 207w | wessos - oRINNI4
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Table E.1/5 Flnsacial esaluation of foundey project
Corporation Net
Pre-Tax T @ After tax Capital Grants Working Cask
i Profit 2% Proln Expenditure . Capital oy F_ln- )
1977 - 332920) 103014 — (229 900)
1978 (71 493) - (71 49)) (6 045 000) 2 226 000 - (3890 49))
9 (142 985) - (142 985) (3407952) 1333 569 - (2217 308)
1980 189 460 - 189 460 (1125842) 4301317 (78 624) (584 6A9)
1981 1294 302 — 1294302 — (108 831) 1185471
1962 1771330 — 171 3% — (53 869) 1717400
198) 1959248 _ 1959248 - (25845) 1933 3
1984 4044 584 -— 4044 584 — 271531 3773053
1988 4044 584 1310 249) R AR — RRA RN
1986 4044583 ' (2052489) 1992095 — 1992085
19n7 40841584 (2052 489) 1 992 095 - 1992095
1908 4044584 (2052 489) 1992095 - 1992095
1989 4044584 40775717) 32993) 20857% | | SI8M0 —joasHmy
Ratec of Return = 2i.0™*
Table E.1/6 Sensithity analysis
— variation In sales price
-30 - 20 -0 +10 +20 +0
CAPITAL cosT 6317 %67 6337 767 6337 767 6337767 6337 767 6337707
NET CASH FLOWS 1980 (960 329) (835 085) (709 742) (459 356) (33411)) (208 8n9)
1981 274 610 S| 2N 881 851 148909} 1927 2096 332
1982 S1057 912867 1315164 2119787 2522055 2924 351
198} 578 498 100132 1 481 708 2385038 2836674 3 288 308
1964 1154309 2027237 2900 145 464591 5518809 607} 630
1988 i 312002 2222 /) 3133723 3484760 J251M8 pR I ARAT
ons . 1312002 222286) 2405009 2429 um 2866521 AR RET
1987 1312002 2023 100 1 554 882 2429308 286065218 JuT
1968 1312002 1117609 1 554 882 242908 286m 524 AR I RAT
1989 J 651 56) 2455 )42 2494813 25737183 261)224 2652094
|Ra(eo( Return 6.38% 11.93% 16.99% 25.9% 30.13"% 39.04%
Sensitlvity analysis
Table E.1/7 variation in sales volume
-3 -20 —10 +10 +20 +30
CAPITAL COST 6337767 6337767 6337767 6137 767 6337 767 HJs? 10_7_‘
NET CASH FLOWS 1980 (751 400) (695 813) 1640 201) (S219 §16) (473 544) 317971)
1981 670178 841942 1013 707 1J57238 1 529 000 1 700 704
19982 1016755 1250 324 148) 89) 1651 030 2184599 2418108
1983 3 145509 1 408 141 1670771 §930818 2193449 2725 298
1964 22% 130 2701 88 J 207445 4278 66} 4784 208 S289R°n
1985 2 446302 2979063 Isnsn 3T84) Jo03 4N ERATEIL)
1986 2440302 21504730 2093 288 2247820 2501548 2759270
1987 1694 79) 1 480 645 1736370 2247820 250) $45 2759 2%
19688 1224920 1 480 04S 1736370 2247820 250345 2789270
1989 2436604 2409 104 2500 724 2500 843 2599 402 2031902
ale of lwuml 1).30% 16,27% 19.04% 23.89% . N% 1 28,937
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Semgitivie: analysis
Table E.I/8 verlation o oot
+30 +20 +10 —i0 -2 -0

CAPITALCCST 8178754 7562 425 6950 0% S725338 S113109 4500 780
KET CASH FLOWS 1980 IR B ™) €54 242) (51S137) (445 584) 301
1981 1185471 118547 1185471 1185471 1185471 118540

192 1717 361 1717401 1717461 1707 461 ) 717 301 1717 401
1983 1933 403 1933 30) £ 933 403 1933403 1933 403 1933 403

1984 31713053 371305) 3083 37173053 377305) 37113033
1985 4031589 4034584 401581 3295089 2855783 241647

1980 3014914 2570558 2126202 198702 1981 956 1976887

1987 2007 304 2002 234 1997 165 198702 1 981 956 197887
1968 2007304 2002 234 1997 165 198702 1981 956 1976887
1969 3181493 2965 758 275002 231854 2102810 1887073

Rate of Retorl  17.4% 18.60% 2001% _r 057% 25.85% 8o1%

Sensithrity anelyshs
Table E.1/9 variation In material costs
+30 +20 +10 -10 ) )

CAPITAL COST 633777 6337767 6337 707 6337 707 6337 To? 6337 707

NET CASH FLOWS 1960 M1128) (675 o48) (630 14%) 1539 110) 493 730) 1448 250)

1981 874341 978052 1081 /| 1289181 1 92 584 I 490 001

1982 1325008 1455827 1586 644 1848278 1979095 2109984

1943 1 500 290 1644 661 1 789012 20077114 2222145 2300510

1984 2887553 3182720 3477886 4008220 4303386 1638535)

1985 Ji837e | 3400 37157448 3655 o0 3570985 R RN

1986 2 305 805 2137818 1909 A3? 219920 2207 7240 2305571

1987 157619 1716445 1854270 21M90 2207 740 2130557

1968 1578619 1716445 1854270 2129920 2207730 2405571

1989 2610923 2589377 2501830 250737 24M 189 2451043

Ihle of aeu.mL 1.0% 18.67% 0.20% D.1% 23537, 25997

Senslilslity snalysls
M snriation In lahews coaty
+30 +20 +110 -10 —20 -\

CAPITAL COST 6182 140 6367 349 6352558 6122977 608 188 » 293 WS

NET CASH FLOWS 1980 (708 $10) (7071749 (645931) (523 447) 1462 204) 1400 0n2)
1981 99799 1060 521 112299 1 247946 1310421 137280

1982 1507533 1577509 1 o7 408 1787437 § 857413 1927 349

1983 1 700971 1778 448 185592 2010 a0 2088 358 2105835

1904 3330 39 3477890 3028472 39 4008 210 4215797

1948 J001 880 31749421 INI2 19 Josn47¢ ISTHold 1500753

1960 2145050 1991 05) 1951 2% 2002934 2101 204082

1987 1 TNSTIA 1850417 1951 2% 20029 210Mm 2204012

1988 179878 I uS0 417 1959 250 200294 2101 2304012

1949 285191 2548090 2540 tn0 250 30 2824M 1540473

!l.m of Return]  18.94% 19.87% 20,887, 22 870, 21,477, 23,077,
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Seusithvity analysls
Table E.I/11 - variation in poner and fuel costs
+30 +20 +10 -0 | -» -3
_____ CAPITALCOST ] 6345959 | 6343228 6 340 497 6335037 ! 613200 83INSH
NET CASH FLOWS 1900 625047) (611 M) 1598 341) 2037 | (SS108% | (5417w
1981 1110383 1135412 1160 441 1210501 1235530 1260589
1982 1642373 1 667 402 1692431 1742491 1767520 1 192549
983 | eS8l 1883 344 1908 37) 1958 322 1 983 102 2008 49)
1904 1568267 | 3636529 30491 IMI3IE 399577 19TTaNg
195 3700 | 372113 3738224 3720 330 X "pp 587 Ta92en3
1986 1926 564 1948 %07 1970251 201399 20)578) 2037027
1987 1926 564 1948 407 1970 251 2013939 2033783 2057027
1983 1926 564 1 948 407 1970 25¢ 2013909 2035783 203707
1969 2676268 | 2028930 2581 611 2480955 | 7439a2 22 9
i
L N S S
|Daleol Returd  20.79% 21.09% 21387, nsere '- nwm  nE
Table E.1/12 Sensith 'ty anshyshs
-_— vaciation In ather costs
+30 +20 +10 -10 -2 =%
CAPITAL COST 6349546 | 6345620 | 6341694 | 633380 | 6129914 | w1s9ms
NET CASH FLOWS 1980 (605958) | (598869) (52i 778) (577 600) 1570 <10) 1303 420)
1981 1153077 116387 1174673 1196209 1207 00 1217803
1902 1677542 1 690 848 170415 1730 787 1744079 1787 0
1983 1885631 § 901 555 1917479 1949327 1965 251 1K) 578
1984 360195 | 3718954 3 746 00) 3800 103 38275152 3854201
198s 317419 | 37100930 3747633 3721038 3707 730 3693442
1986 1954 401 1 966 965 19795%0 2004 600 2007228 2029 790
1987 1954 401 1966 965 1979530 2004 660 2007225 2029790
1988 1954 401 1966 965 197953% 2004 660 2017225 2029 '90
1969 254398 | 2540740 253751 2531085 252782 2524598
[Rate of Returm  21.20% 21.36% 21.52% 2.8% 21.99% 2.15%
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21.67% is shown and the curves of all the variables are plotted. The

most critical variables to the return on the project are seen to be sales
price, sales volume, capital cost and material cost. The project is,
however, less sensitive to changes in labour costs. By isolating the cri-
tical factors which will affe-- the profitability of the project, the
risks involved may be substantially reduced. The semsitivity analysis
shows only ithe results of mc.ements of a single variable in isolation.

To provide the management with the theoretical limits of the profitabili-
ty, a best and a worst case is calculated. Both the best and the worst
case should be based on the practical limits for the variabler. These
cases result in the following I.R.R.:

Best case 37.22%
Worst case 10.33%

Thus it can be seen thét the best possible result of this project is a
Fighly profitable return of 257 above th: cost of finance. Whereas the
worst possible result is a return of 2% below the cost of finance.

This information places the project in perspective as the probale range
of outcomes. There is much greater probability that the return on the
project will exceed rather than fall below the original rate calculated.
Armed with this information and the results of the sensitivity analysis,
management is in an informed position to decide that the project is
worthwhile and, furthermore, is able to ensure that the risks are minimi-
sed by keeping close control over those areas which are shown to have the
greatest influence on the success of the project.

Thus, as the cost of capital to the firm is 10%. then the project will
give an additional yield over the cost cf capital of 15.16%. The princip-
les involved in both methods (I.R.R. & N.P.V.) are, as has been stated,
identical. To clarify the results derived from the example quoted are
ploted in Fig. E.I/2. The graph shows the net present value calculated
for each discount rate from O to 30%. It can be seen that the two methods
are merely different views of the same principle. The Net Present Value
can be seen for each discount rate and if, as the case above, the cost of
capital to be used is 10%, the Net Present Value of £884 can be read off
the graph. The 1.R.R. is the discount rate which results in an N.P.V. of
zero and this can be seen as being 25.16%. So the relationship can be se-

en as giving a different emphasis to the variables in the calculation.

The superiority and the limits of the 1.R.R.: An essential characteristic

of the type of risk inherent in business is that it is related to time
and to the amount of capit-l outstanding in a capital project at any one

time. The advantage of 1.R.R., as opposed to N.P.V., is that the result
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is measured in the same dimensions as the risk and this facilitates the
task of determining whether the return otfered is adequate given the
risks involved. The absolute value given by the N.P.V. method does not
enable rkis to be easily assessed. In the simple and mo:t common case
of capital investmeat appraisal, the accept/reject criterion, there is
little doubt that the most effective and easily understood method is
the 1.R.R. There are, however, situations where the superiority of the
I1.R.R. is brought into question. Where the investmcnt decision is not
one of rejection or acceptance but rather the ranking of investment
projects in order of profitability, a2 conflict is possible between the
results of the methods. This conflict can be explained by the fact that
the 1.R.R. gives the rate of return earned on a project and takes no
consideration of the size of the actual money return. Thus consideration
must be given to the absolute value of the return, in addition to the

rate of return on the project. It is obviously more desirable to invest

a larger amount for a significant increase in wealth, rather than a small
investment yielding a high rate of return but a low absolute increase in
wealth. It can be said that the merhods are not in conflict but that the
whole picture is not shown by the initial analysis of I.R.R., whereas it

is shown by the analysis of N.P.V.

Thkus in a situation where two projects are mutually exclusive, the use

of I.R.R. can lead to the choize of the project which, although giving

the grearest return on tha investment in %-age terms, does not result in
the greatest absolute profit. It is thkerefore suggested that whereas I.R.R.
has many advantages over N.P.V. in the straighttorward accept/reject situ-
ation, in a situation wherethere is a choice between two projec~s, only

one of which can be accepted both I.R.R. and N.P.V. at the relevant cost

of capital should be emploved. N.P.V. should in this situation be the mo-
re important criterion. The incremental yield may be calculated but as

the same result is derived from the N.P.V. method the additional calcula-
tion is not seen to yield great benefits other than substantiating the
conclusion.

A second situation in which the use of I.R.R. is brought into doubt is a
technical oddity and although its occurrence is rare, its existence should
not be ignored. The situation arises in circumstances where a project yi-
elds cash flows which are uneven and whereby the cash flows in the later
life of a project are negative. In the vast majority of cases this presents
no problem and results in a meaningful rate of return on the project.

There are, however, situations where the negative cash flows in later years
may be sufficiently large that during the life the cumulative discounted

cash flows become negative. As the rate of return is determined at the
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point where the N.P.V. is zero, it will be apparent that it is possible

to derive multiple rates of return for a project.

In a situation such as this a single I.R.R. has no meaning and the use

of N.P.V. is advocated as this gives an unambiguous answer at each rate.
Fortunately this situation is very rare in practice and its occurence can
be easily predicted. Where a project has cash flows which become cumulati-
vely negative during its life it is possible, but not necessarily certain,
that multiple rates of return will result. It would thus be circumspect

to use N.P.V. for the evaluation of such an investment project. In the
vast majo-ity of appraisals, however, where there is a straightforward

accept/reject situation, the use of I.R.R. is strongly recommended.
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Appendix E.11

Break-even and productivity

For our illustration let's consider ten varied jobs. Table E.II/1 il-
lustrates the initial product mix. Notice that column 5 in this Table
lists the number of moulds presently sold of each part per day. Also,
consider that our subject foundry incurs a daily fixed cost of US$6000.-
wWhen the problem is solved with a computer, a daily cotribution of
US$9524.- is indicated with the suggested optimum product mix shown in
Table E.I1/2. When comparing columns 5 through 9 of Table E.11/1 with
Table E.i1/2, a tremendous difference is noted. Notice first that the
number of moulds remains constant at 960 per day. (Moulding is the pa-
cing unit). Comparing the results from the data in Table E.II/1 with
the data in Table E.II/2 (che same number of jobs) the following dif-
ferences can be stated: - total casting weight increased 95%;

- total revenue increased 112%;

— total cotribution increased 67%.
We mentioned that th.s subject foundry incures US$6000.- per day in fi-
xed costs. From Table E.I1/1, column 9 it was shown that the foundry
was generating only US$5690.- contribution, not enough to cover fixed
costs. In other words, the foundry was loosing money.
The interesting aspect of this problemis that"our"” foundry is loosing
money while melt capacity was only 22.6% utilized (62,150 1b/275000 lb=
= 0.226). The optimum product mix corresponds to 44% melt capacity
(121287 1b/275000 1b=0.44). Considering also that the contribution for
the foundry in question increased from US$5690.- per day to US$9524.-
while the break-even point moved to the left (from 1012 moulds per day
to 605 moulds per day).
Break-2:ven will be the farthest to the left and contribution the highest
when the optimum product mix for a particular foundry is determined and
run. Any other mix of products will be sub-optimal and the sutsequent

contribution will decrease while the break-even moves to the right.
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1 2 3 4 $ 6 7 [ ] 9

Casting Number Totd

Weight Selling Vasieble SoldofEach  Towl Totdl  Varisble Total
Pant () FPrice Cost Conwibuion ToliMoids Weight Revenue  Cost Contribution
Marnslold 19 $ 18 $ 13 $ 3 100 1900 $ 1600 $ 1300 $ 300
Vaive body 15 15 10 S 250 3,750 3.750 2,500 1,250
Lug 4 3 2 1 135 540 05 270 135
Axie housing 410 185 164 21 40 16,400 7,400 6,560 840
Gear Blank 320 134 m < 45 14,400 6.030 4,995 1.035
Diflerentigi case 360 132 105 27 3 9.000 3.300 2625 675
Wheel hub 66 13 7 6 100 6.600 1.200 700 600
Bearing housing 20 5 3 2 . S00 125 75 50
Brake caliper 49 15 1 4 165 8.085 2470 1,815 655
Bost anchor 13 4 2 2 75 975 300 150 150

ol ~ 960 62150 $ 26680 $ 20,990 $ S5.€90
Existing Product Mix
Table E.il/1
Number
of Each Total Total Total Total Rank By

Part (Total Moids) Weight Reverws VC  Contribution Contribution/

Manifoid - - - - - -

Valve body 563 8445 $ 6445 $ S630 $ 2815 1

AL:lolM 178 72,960 32,930 29,192 3738 10

Goar Blank 57 18,240 7638 Q27 1311 9

Diflerential case “ 15,840 5608 4620 1188 8

Wheel b - - - - - -

Beering housing - - - - - -

Brake caliper 118 5782 1770 1296 472 7

Boat Anchor - - o~ - - -

Tolal 960 121,287 $ 56591 $ 47,087 $ 9524

One Shift with Esisting Equipment (No Market Constraints)

Table E.I1/2
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Appendix E.II11

Direct costs; Overhead costs; Cost estimate: the preparatory stages

Direct costs
TR ———,

Direct costs, essentiall comprising what might be termed "prime costs" -
direct labour and direct materials - are those which can be allocated to
cost centres and to actual units of output. Such ccsts tend to vary in
proportion to the volume of production. Foundries must decide just fow
far they need to go with cost allocation on the basis of how useful the
consequent information may be. Such information is, of course, necessa-

ry for control purposes as well as cost estimation.

Direct materials

They may fall into 4 major categories:

(i) materials which comprise the casting

(ii) materials which comprise the mould
(iii) materials which comprise the core

(iv) materials additionally incorporated in individual castings, e.g.

inserts and special finishes.

In many instances in practice it may be decided that moulding materials,
mainly sand, should be treated as indirect expense.
Metal: metal cests form a significant proportion of total production cost
in the typical foundry and as complete as possible an urderstanding of
their determination is desirable. These involve all the elements in a cu-
pola or furnace charge - in the case of ferrous foundries both pig iron
and scrap and alloys and scrap in that of non-ferrous foundries. Of the
scrap some portion will be own returns, comprising runners and risers,
rejected castings and unused or spare metal. The object of collecting me-
tal costs is to determine the cost of good metal at the point of pouring
into the mould and consequently to be able to evaluate the metal content
of any casting. A problem might arise in the evaluation of internal scrap
returns (including castings returned, rejected by customers).
Metal loss: loss on melting i{s often the most obvious element in metal
loss; it is measured by the difference in weight of material charged
into the furnace or cupola and the weight of good metal poured from the
spout. Other losses generally arise in the course of finishing operations-
shotblasting, fettling and machining. Typically on a smaller scale indi-
vidually than melting losses, they are nevertheless important and must
therefore be accounted for in cost calculations.
The total weight of good castings made may be expressed in the form of

the equations given in table E.III/1. Table E.111/2 shows the calculation
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T=M—L—(RRR + RSM + RRC)
where T = weight of good castings
M = total weight of metal poured
RRR = weight of returned runner-risers
RSM = weight of returned spare metal
and RRC = weight of returned reject castings
The make-up of metal cost will therefore be expressed
by the equation:
TC = Mp — Lp — (RRRp + RSMp + RRCp)
where TC = total metal cost of good castings
M= tow'ei;hlo(meulpmneq
RRR = weight of returned runner-risers

RSM = weight of returned spare metal
RRC = weight of returned reject castings
and p = average price of metai charged

Table E.I11/1

(a) Material specification and other relevant information Tonnes Price(£) Value(£)
Composition. material A 10% @ £60 per ton Material A 10% 4929 60.00 296
material B 20% @ £50 per ton Material B 20% 9.857 50.00 493
material C 40% @ £40 per ton Material C 40% 19.714 40.00 789
material D 25% @ £40 per ton Material D 25% 12.321 40.00 493
material E 5% @ £200 per ton Material E 5% 2464  200.00 493
100% Good castings plus
—_— irrecoverable losses  49.285 5202 2564
. ) . Returns 50.715 5202 2636
Poured weight of casting 40 kg Melting loss 9%
Rough casting weight 20 kg Feuling loss 1% Total charge 100.00 5202 5202
Fettled casting weight 19.8 kg Spare metal 3%
Reject rate 10% Returned metal 50%  Meiting and other
.. irrecoverable losses  10.000 -
{(b) Composition and disposal of charge —_— _—
Hot metal at spout 90.000 5202
Tonnes
Returns:
: Spare metal 2.700 52.02 140
Total charge O i) Rumners/Risersetc. 43650 s202 2211
Mieiting and other irreccverable Rejects 4.365 5202 2

losses ' 10,000 Good castings 39.285 2564
Hot metal available 90.000
Spare metal 2.700 Metal cost per good tonne = 2554 = £65.27

—_— 39.2
Hot metal poured into mould 87.300 % or £3.30 per casting
Returns (runners and risers etc.)  43.650 It will, of course, be seen that any value, including zero,
. — could have been placed on retums. The calculation could,
Gross castings production 41.650 in fact, have been made by deducting the total or
Rejects 4.365 irrecoverable losses from the weight of new material (pig
] —_— iron and bough’-in scrap) used the dividing the cost of the
Good castings production 39.285 latter by that amount (which actually equals the weight of
—— good castings produced).

Total returned metal = 2.700 + 43.650 + 4.365 =  The cost of metal in some foundries, where the cost
50.715 tonnes ) variation and the range of alloys is very slight — where, in
(¢) Cost calculations fact, the range itself is in all likelihood very small -— may

Metal cost pur tonne of good castings could be be arrived at by comparing the net sxpenditure on bought-
calculated in the following way:— in materials with the output of good castings.
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of metal cost for a particular type of iron casting.

Moulding: Frequently the material costs of moulding are regarded as an
indirect cost, essentially of sand and additives, to any particular cas-
ting or group of castings.

The case for regarding materials used in moulding as direct costs or in-
Jirect costs rests on the importance of accuracy. Where a relatively high
degree of standardisation has been achieved it can be treated as an over-
head applied in the form of kg as-cast weight.

Coremaking: If there is a close relationship between the weight of each

core produced and the number by overhead recovery unit, and if the cores
produced are of standard composition, then the coremaking costs may be
considered as overhead cost. If these two conditions are not fulfilled
then such treatment is hardly to justify. This is especially likely to

be the case in foundries where more than one type of core (e.g. oil sand,
COZ’ shell) is made, because the value of the materials used in each ty-
pe may be substantially different. There is no substantial difference
between establishing the direct material cost of a casting and that of a

core. See Table E.111/3.

Direct labour

As foundries become increasingly machanised and automated the distinction
between direct and indirect labour may tend to decline in significance.
Some labour costs are therefoure "direct'" to the department in which they
arise, but "indirect' as far as the calculation of the cost of a particu-
lar casting is concerned.

There are two departments, however, where labour activity can be related
to the production of specific castings. These departments are moulding
and coremaking. Table E.I11/4 illustrates a simple case of the calculati-
on of a labour hour rate of moulding. In practice complications may arise

because of particular payment etc.

Direct expenses (other than metal and labour)

These include all other costs that are associated with a single product
or group of products. It may include some cost, such as pattern or core-

box expenditure, special work of an identifiable kind, etc.

Overhead costs

These are the aggregate of indirect materials cost, indirect wages
(indirect labour cost) and indirect expenses.

Indirect materiqlghgqui materials cost which cannot be allocated but

which can be apportioned to, or absorbed by, cost centres or cost units.

For example: protective clothing.




Ezample

() Core mixture specification

Composition: Material M 1S0kg
Material N 20 kg
Material O 20kg
Material P 20kg

Coreweight S kg A litre of material P is
Core blowing loss 5% assumed to weight { kg
Reject rate 10%

{(b) Cost calculation

The direct cost calculation for coremakin; will be as
follows:—

Weight Price/ Value

(kg) kg

Material A 150 002 1300
Material B 20 0.50 10.00
Material C 20 030 6.00
Material D (20 x § kg) 10 040 400
TOTAL MIX 200 O.118 23.00

Wastage (irrecoverable @ $%) 10 —_
190 23.00

19 —
n 23.00

——————

Cost per kilo = 23.00 = 13.4S pence
Cost of core = 3 kg x 13.43 p/kg = 67,28 pence

Table E.111/3




Example
Moulder
Hours Rate Wages
E/Mi £
Normal hours 40 200 80.00
*Qvertime hours worked 74 200 15.00
474 200 95.00

Expected bonus earnings — 25.00
47¢ 120.00

Normal idle time 24 —

45 120,000

Direct wage rate = 120 o £2,67 per hour
'y ps

In this example, overtime nremium, treated as overhead,

has been calculated as follows:
S hours @ time and a half = 24 hours
24 hours @ double time = 24 hours

3 hours @ £2 = £10 per moulder
moulder

The above sxample assumes times quoted on estimates
exclude relaxation allowances. Where normal idle
(relaxation allowance) is allowed in the time quoted for a

job, then:

rate/hour = 120
v m £2.53/hour
474

Table E.111/4

= 907 -
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Indirect wages: wages which cannot be allocated but which can be appor-
tioned to, or absorbed by cost centres or cost units.

Indirect expenses: expenses which cannot be allocated but whirh can be

apportioned to, or absorbed by, cost centres or ccst units.
For example: energy, rates.
Therefore, any cost which cannot be attributed directly to a product or

group of products is an indirect expense or overhead.

Generally, the overheads may be classified into the following types:
(i) production or works overhead;

(ii) administration or general overheads;

(iii) selling overheads.
Table E.I11/5 shows a summary of total overhead costs analysed by expen-
diture source.
Overheads in any cost centre fall into three basic categories:

a) those which are directly associated with the cost centre

b) a share of the cost of those departments which serve the cost centre
c) a share of general production overhead.
The accounts in Table E.II1/5 are typically treated as general production
overhead. Production overhead costs are shown in Table E.II1/6. These
are apportioned to production and service cost centres according to the
benefit received by each cost centre from the particular cost incurred.
A schedule of apportionment bases is shown in Table E.III/7.
A distribvtion summary for general production overhead is illustrated

in Table E.111/8. All the costs used in the Tables E.111/5 to E.1I11/8

serve illustrative purposes and are completely fictitious.

Cost estimate: its preparatory stages

Before the detailed preparation of a cost estimate is embarked upon there

must be the important decision as to:

a) whether to submit a quotation or to decline it

b) whether in submitting a quotation any qualifications are needed for
the customer's requirements.

Such a decision will generally be made by a group representing several

functions within the foundry and at the same time it will probably be

decided how the casting should be made, bearing in mind both its cha-

racteristics and the capability of the foundry. It must be remembered

that the technically "ideal"” way of making the casting may not, depen-

ding on circumstances, be the most cost effective way for a particular

foundry. Among the factors this ﬁrelimlnary assessment stage must take

account of are the following, whizh may be expressed in the form of

questions:
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Cest coliection sheet
Seurce of capense infermation (in £ sterfiag)
Accuunt Stock Stores Wages Salaries lavoices Fimancial Cash Total
Materials Materials Entries
Inderect Labows:
Clcaners 1416 1416
Sorters 1824 1824
General tabowrers 920 920
Rem J46 3246
Rates works 4000 4000
Electrcaty 4000 4000 -
Gas 1536 1536
Waler 96 946
Fuel for heating 354 354
. Protective M 216 iIn 16 404
Works mazagement salaries $200 $260
Depreciation — plant 2500 2500
Storekceping 1279 133 1414
Production planning 82 625 4107
Sccurity sad safety i 2] 397
Drawing office 1282 1292
Canteen ™ 964 3162 (5331) nn
Labocatory 834 1224 300 2358
Empluyee Bability ins. 270 2970
Fire inverance 1532 2532
Cunsumable stores 1163 116)
Tomal: 2567 7562 16328 114 16194 (5313) 45850
Table E.I11/5
Summary cost sheet (in £)
Expenditure source
Department . Total
Stock Stores Fnancial
Mater'als  Materials Wages Salaries Invoices E:vtries Cash
Mcliing
Moulding
Coreshop
Shotblast
Heat treatment
Inspection
Patiern shop
Internal transport
Mamnienance
Comgpressor
Fork B
Cranes
Production overhead (see note) - 2567 1562 16328 11514 16194 (5318) 45850
Sciling overhead
Administration overhead .
Total overhead
Note: Totals carried over from Table E.II1/5 .

Table E.II1/6
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General production overbead — bosis of apportionment

Depertasent
Basis of Units Towd
Apportionment
Core  Shot Hem Pat.  Imter Comp- Fork
Mcling biouiding shop blast Trest. Insp. shop orams. Maist. ressors BR Crames

No. of employees Employees 9" 16 | 12 4 4 10 8 3 16 2 ) s
Plant insur. valee £ 730000 (40000 90000 90000 30000 70000 (0000 S00O0 30000 SO000 50000 30000 40000

Floor srea Sq-fect 100400 13600 14000 32500 11000 12500 11500 11500 12000 .1900 - -
Belk tonnage % 100 (4] 20 10
Siores issue value % 100 13 20 ¢ 5 s - 5 s 20 s S

Table E.I111/7

Gumlmmwm—m—.,

AR oty cxpressed wem £
Basis of Toad Mowld- Core Shot Hem Port.  Inter Comp- Fork
Azcount Apportionment Cost Mching ing Shop Siast Trest lasp. Shop. Trams. Maims. essor  Lift Crames
Inderect Inbowr:
Cleaners Tech. estimate M6 142 282 M2 142 142 n n 142 142
Sorters Tech. estimate 1824 08 608 8
Gewesal lob. Tech. estimate 920 138 1 1M 138 92 46 46 4% 4
Remt Floor ares 3246 440 453 404 IS5 04 N M s 58
Rates Floor area 4000 342 558 498 438 498 458 458 4an n
Elecrricity Tech. estimase 4000 400 400 400 400 2000 400
Gss Tech. estimate 1536 614 02
Water Tech. cstimate 46 10 19 L)
Fud for heating Floor ares 354 48 L) 4“4 3 “ 41 4] Q [ ]
Hire of cquip. Tech. extimate 20 20 240
Protect. clothing No. employees 404 n 3 s) 8 1] “ 3 13 n L ] 13 2
Fire grotection No. employess “w L} (1] 20 0 n 4 15 2 1 15 25
Works Man. sal. No. employess S00 915 457 686 119 119 3} 457 I e e n 286
Deprec. plamt Tech. estimate 2500 300 1000 300 250 230
Stove issue val. 4i4 212 283 140 n n ” 0 m n n n
Security & safety No. employees 897 309 255 382 127 127 M 1s8 % 300 “ % 1
Ovawirg ofice Tech. estimate 1282 41 [ ]}
Conteen No. employees 2)i7 408 204 305 102 102 255 204 7% W 51 7% 1
Weighbridge Bulk 1onnage 40 Y0 L 44 4
Tech. estimate 2358 1586 2% 2%
Emgloyers Lis. lng. No. employecs 90 512 268 39 M 131 3% ) ”» 2 6 ”% 163
Plant ins. velue 2532 487 M2 2 113 W) 3 217 104 173 173 104 1
Sub total 43500 8586 SI08 6IST 2865 2979 3596 3630 643 SO 1882 644 1392
Prod. plenning % sub total 4107 te
slores % sub total 1163 :
GRAND TOTAL 48850 9624 3726 €902 21 3339 4069 4089 T2I STI4 3131 122 1360

Table E.111/8
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(i) material specification: is it within the foundry's usual range

and if not whac are the consequences of taking it on as a “special"?

(ii) quality standard: are the standards of properties and finish requ-

ired within the foundry's capability?

(iii) size and weight: are these within the normal capability of the
foundry, bearing in mind such things as box size, melting and

fertling capacity?

(iv) complexity: is the casting of a kind appropriate to the production

facilities of the foundry?

(v) quantity: what are the implications of the total quantity, and
the rate of production called for? how will it affect the balan-
ced utilization of the foundry's capacity? what type of pattern

equipment will be required?

(vi) policy: are there any general policy factors that should be taken

into account, or revised, for example, in the light of enquiry?

When above decisions have been taken the enquiry will then pursue the
normal channels applying in the particular foundry; yhis may involve such
a progression as weight estimation, determination of production methods
and calculation of production rates.

Decisions have to be made as to yield (determining how much metal will
require to be melted), feeding and rvnning systems, coring,size of box
and number of castings per box, type of mculding sands and core materials
and magnitude of fettling and scrap rates. It is important to establish

a system which will ensure that all points that might be significantly
relevant to cost are given consideration. The possibility of comparing
alternative production strategies must also be taken into account. Care
must be also taken to see that any special requirements of the enquiry
have been included in the composition of the quotation. A list of factors
that must be taken into account or assessed follows.

Basic information: customer's name

description and part number
material

quantity required

delivery schedule

inspection requirements
special instructions

pattern equipment requirements

sample requirements
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This information would be expected to be contained in the customer's
enquiry and on the drawing.

Production information: casting weight-as cast and finished

material specification

melting method

production method (e.g. machine, floor etc.)
design of feeder/runner system

number per box, box size

production rate (wmoulding)

type of sand

cores required-material, weight and time
heat treatment - type and weight

scrap rate estimates

fettling - process and time

inspection details

special finishing details

carriage - packing and transportation

pattern and corebox - time and materials

Cost information: melting cost

metal loss rate

direct labour rate ~ moulding

moulding scrap overhead rates

core material cost

direct labour rate - core scrap

core scrap overhead rates

direct labour rate - fettling

fettling scrap overhead rate

general overhead rate

specific costs for heat treatment,
special finishes, carriage etc.

mark-up for profit

The sample of cost estimate performed in Table E.III/9 is not intended
to represent an ideal or complete way of approaching the task, but it
demonstrates a way in which the major elements of expense can be incor-

porated in a cost estimate.




A SIMPLE COST ESTIMATE SHEET

Customer Smith's Es.pineering Enquiry date and reference no, 3/2/04
Costing dotalle
Description Body Part no. 38
Materiel Aluminium BSS 1490 LMEM
Sstmated welghts: Pettled 2.00kg  Unfettied J3.30kg
1. Mol cost 2.00 kg @ €1000 per tonne
2. Meotel loss 7% % of melt x £1000 per tonne 2628 kg
3. Melting cost 3.50 kg @ €130 per tonne
Output per Direct Direct cost Total
houwr labour rate per casting Shop overhesd cont
4. Coremaking 200 2.%0 0.012% 150% - 0.0198 0.031
S. Moulding 0 3.9 0.0878 200% - 0.1780 0.262
6. Fettling [ 3.00 0.0800 200% - 0.1000 0.180
7. Reject allowence = 10%0f2 34866
8. Works overhead w80%oll 48588
9. Admin/Sales overhead = 48% ol ), 4,888
0. Carriage & packing = €0.08 per kg
1. Speciel processes & tests
@) heat treatment -  per k9
bl pressure test -~ each
©) X-rey -  each
d) machining 1180 each
Total cost
“Normal™ merk-up (20%)
““Normal” selling price

Total cost {laes works, admin, sales overheads)
Total cost {lese admin, sales overheads)

EOUMBION S POMBIRS ..o\ oo it v riren et st i st e aoanantnatatratae seneeras

Achudlquotedprt® . . ... ... i i e

Table E.111/9

........ D A A I B R AR T I RN

Cost per
canting
4

0.443
0.122
0.488
0.437
0.100

1.180
R A~
1,108

6.8t

4.804
5.000

4k )

- i -
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Appendix F

Bibliography of some British
Standard Specifications
relating to the design,
manufacture and inspection of
castings

PART I. SPECIFICATIONS FOR CASTINGS AND CASTING ALLOYS

Note I Contents. Cremical compositions are specified cxcept where otherwise stated.

Note >

Most specificatons give values for mechanical properties including tensile strength
and clunganon . proof or yicld stress, impect. bend, hardaess and other test values ¢
given im appropriate cases.

General clawses cover. in varying degree. mspection and sampling. requirements for
frecdom from defects. rectification practice and dimensional tolerances. Special require-
menls in centain Specifications include microstructure and machnability.

Ortiser BSS. for castings. In addition to the Specifications histed below. specralised cast
products. for example cast iron pepes and rasmwater goods and cast steel valves, are
covered by separate Specifications.®

Alloy gromp Specification end subjext Content

Alummium base  BS. 1490

Copper base BS 1400

21 alloys vanously suitable for sand
Aluminivm and slvmnien olloy asun;. gravity and pressurc dic

ingots and castsngs for geneval caasting.
engineering purpose> Main alloymg clements Cu. Mg. Si.
Mn.Fe Ni. Zn

Designation LM (additional symbols
mdicate condition or remper)
Includes 11 specifications for Al base
castings

B.S. L Senes (Acrospace)

High conductivity copper: HCCI
Copper and copper alloy ingots Cu—Cr alloy: CCI-WP
and castings Phosphor-bronzes :

Series PB (3 compositions).
Tm bronze: CT1
Leaded phosphor-bronze: LPBI,
Leaded bronzes .

Series LB (4 compositions).
Gunmetals.

Senes G and G WP

(3 compositions) .

® Reler 10 Subyent Inder. Brunk Stondords Yearbook




(Al

Magnevium base

Can iron

Alloy growp
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Spevification end subject

B.S B Serres (Actospace)

BS. 9%

Magnesium and mugnestum alloy
ingots und « astings for generul
engineering purposes

BS L Senes tAerospace)

BS 1452
Grey iron costings

BS. 2789
Iron castings with spheroidal or
nodular graphite

BS. 309
Whitehearr malleable iron
castings

BS. MO
Blackheart malleable iron castings

BS 3333
Pearlitic malleable iron castirgs

B.S. 3468
Austenitic cost iron

B.S 1591
Acid resisting gh sihicon iron
castings

B.S. K Serics (Acrospace)

Leaded gunmetahs.

Congess

Serney LG () compositions):
Aluminium bronses : .

Senes AB {2 compositions) -
Cu-Mn-Al alloys :

Senes CMA (2 compositions).
Brass sand castings :

Scnes SCB 14 compositions)
Brass die castings:

PCBI} and Scries DCB

(2 compositions) :
High tensile brasses:

Senves HTB (2 compositions):
Includes one specification for
phosphor-bronze bearing castings

7 alloys. sand and chill cast.

Mam alloying elements Al Zn_ 2r.
Mn. rare earths.

Dessgnation MAG (additional
symbols denote condition or temper)
Inciude> 8 specifications for Mg base
castings

7 grade> devignaied numerically from
10 to 26 by tensile strength tonnage
obtained on 1.2 in dia test bar. No
composition specified.

Guide 10 vaniation of strength with
section thickness

6 grades. designated numencally from
24717 10 47 2 by tensike tonnage
clonganion combination obtained.

No composition specified

2 grades. designated W22-4 and
W24 8 by tensile tonnage-clongation
combmation. No composition specified

3 grades. designated B13-6 10 B22 14
by tensile tonnage elongation
combinanuon. No composition specified

2 grades. designaied P28-6 and
P13 4 by wensile tonnage elongation
combination. No composition specified

8 grades. various compositions.
Main alloying clemenis No. Cr, Cu, Si .
4 grades. designated AUSIO1-105. of
fRake graphite type.

4 grades, designated AUS202-208,
of spheroidal graphite type

Composition 14.75"_ 84, 0.35-1.0", C

Two specifications for pision ring
pots. cylinders, eic.
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Spevitcanon and subpect

Steel

Nickel base

Zinc base

BS. 00
Stexd castings for general
engincering purposes

BS. 1504- 1506

Stcels for use in the chemical,
petroleum and allied industries
BS. 3146

Incessment castings in metal

BS 30N
Nickel-copper alloy castings

BS. 3146

Inrestment castings

B.S. 1004

Zinc alloys and alloy dic
castings

Content

20 scparate standards for cast sicels

These include :

BS. 592: Carbor steels (3 composi-
nons).

BS. 1398: Low alloy steels for
elerated temperatures (S composi-
ons):

B.S. 1358: Higher tensile strength
slloy sieels (3 compositions):

BS. 1630: Corrosion resistng 13,
Cr steels 12 compositions):

BS. 1631: Cortrosion resisting
austenstic Cr-Ni Stecds {4 compons-
ons).

BS. 1632: Corrosion resisting
austenstic Cr- Ni-Mo steels

{6 compositions):

B.S. 1648 Heat resistmg alloy steels
{1} compositions).

B.S. 4238: Close composition high
alloy steels for high temperature use
{5 compositions):

12 further individual standards are
mciuded. mostly covering special-
purpose carbon and alloy sieel
compositions

Includes B.S. 1504 : Carbon and alloy
steel castings

Pant 1: Carbon and low alloy steels
(12 types).

Part 2: High alloy steels. nicke! and
cobalt alloys (18 1ypes)

Main alloy content 3", Cu

3 compositions, designated NAI-3.
containing 1-47, Si.

Part 2: High alloy steels. nickel and
cobalt alloys (18 types)

Main alloy content 4, Al 005", Mg
2 compositions, designated A and

B. containing 0.1, max and 1°, Cu
respecuively
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PART 2. FURTHER SPECIFICATIONS RELATING TO THE
INSPECTION OF CASTINGS
Field Specification and subject Content {further notes)
Inspeciion BS. 1367 Inspection and service classification.
procedure Code of procedure in Chemical analysis and mechanical
inspecuon of copper base ailoy tests. Recommended procedures for
sand casungs non-destructive tests (Since
embodied in BS. 1400}
BS. 20 101
Inspection and testing
procedure for aluminium base
and magnesium base ingots and
castmgs | Aerospace)
C.P. 3001 Recommendations for materials.
Zinc alioy pressure die castng design of composcents. mspection.
dmensional stability
Non-destrucive  BS. 3683 Pan !. Penctrant faw detection,
testing Glossary of terms used in 2 Magnetic particle flaw
non-destructive lesting detection,

Mechanical
testing

BS. 4080
Methods for non-destructive
testing of steel castings

BS. 3971

Image quality mdicators for
radiography and recom-
mendations for their use

B.S. 2704

Calibration blocks and
recommendations for their use
m ultrasoni flaw detection

BS. 4069

Magnei flaw detection inks
and powders

BS. 114

Centre linc averag: height
method for the assessment of
surface texture

BS. 2634
Roughness comparison
specimens

BS 18
Methods for tensile testing
of metals

BS. 131
Methods for notched
bar tests

BS. 1369
Impsct test for grey cast iron

3. Radiological flaw detection.

4. Uhrasonic flaw detection.

5. Eddy current faw detection
Visual examination, acsi pickling.
mspection. ultrasonic inspection,
Dimensional requirements for wire
type and step bole types of
penetrameter for radjographs of
materials from 3-250 mm thick

For ground, turned and milled
surfaces

S parts. I1zod and Charpy tests
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die casting

Field Coniemt
BS. 169
Methods for bend testing
of metaks
BS. 47
Method for Vickers Hardness 1 pans: tesung: machine verification
Tent
BS. 240
Method for Brinell Hardness 2 pars: ditno
Test -
BS 91
Method for Rockwell Hardness 2 parts: ditto
Tent
BS. 3846
Methods for calibration and
grading of exiensometers for
testing of metals
B.S. 3500, 3688, 3228, 1920, Describes elevated temperature,
3518 creep and fatigue tests not
customarily used for inspection
purposes
Chemical BS. 178 15 paris treating determination of
analysis Methods for the analysis of 8 mdividual eiements by chemical
alloys
BS. 1748 12 parts treating determination of
Methods for the analysis of 9 clements by chemical methods
copper alloys
BS. 1121 S0 parts treating determination of
Methods for the analysis of individual elements or compounds
iron and steel by chemical methods
BS. 1121B Apperatus, procedure standardisation,
Method for the specirographic typical specirs
anslysis of low alloy steels
BS. 1499 Sampling of liguid and solid metals
Sampling non-ferrous metals
B.S. 1005
Sampling snd analysis of high
pwity::incudzimnlloyslor




1
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Appendix G

Process control system; Production control sys.em for a fgggdty; CAD/CANM:
aspects, applications and developments in the foundry ind;;:;ii Haintenancg;
operations.

Process control system: its functions 2nd conponents

The notion of a process contrcl system is not yet precisely defined. A
process control system has more functions other than the control of a
process. It has not to perform the basic control functions by itself. It
can be limited to the transmission of proper instructions to the control-
ling units of an installation. On the ocher hand the process control sys-
tem may carry out those instructions by itself. The range of functions

of a process control system is determined by the size and structure of

an installation as well as by the economy of the controlling hardware.
Table G/1 shows the possible functions of a process control system. They
inclvde control and interlocking of running processes and regulation of
data to present values or to such values as determined by higher level
aspects for the optimization of the process.

This also includes the preparation of information concerning a running
process, with a clear display of the operational data with alerting the
operators at the reaching of critical situations and with memorizing and/
or recording of the most essential operational data.

A process controlsystem has to assist, among others, the operator in the
organization of a process by administering the actual production program
and by assisting in the choice of the most convenient materials. By doing
so the works management, and maybe the process control syst-m itself, can
improve their knowledge of the process through the analysis of past process
variations. The process control system can also perform the functions of
failure detection in system components. These functions are then best re-
solved when the failure detection gives direct indication of the cause of
failure to maintenunce personnel and is able to point out the corresponding
remedies. Through failure detection it should also be possible to determi-
ne the weak points in an installation by recording the frequency of any
glven failure. Quite a few devices are available today for the dedign of

a process controlsystem, if the task -as above outlined- is considered

in the widest sense (table G/2). In any case signal transmitters and
transducers, local control panels and a motor control centre are needed.
The choice of dependable signal transmitters and transducers is of fore-
most importance for a troublefree function of the installation.

The traditional automation equipment of a melt shop consisits of a control

cabinet with the contactors for the motors of blowers and pumps in the gas




. The feactions of 8 precess control system have to be de-

fieed in every specific case

- 219 -~

- process control

- voatrol of operational varables

- display of operational vaniables

- waming of critical situations

- recording of operational data

- stcrage of operational data

- management of the operational program
- sefection of favourable working stock

- analysis of process variations

- fault display
- weak point detection

Table G/2:

Summary of production control reports

Report Used by Frequency

Forward load reports Production Control Weekly or
Foundry Manager on demand
Purchasing

Work centre load Production Control Daily or

analysis Shop supervision on demand

Foundry performance Senior Mansgement Monthly

Overdue deliveries Production Control Weekly or
Foundry Mansger on demand
Sales Depariment

Work in progress Production Control Monthly
Foundry Manager

Scrap Anaslysis Foundry Manager Daily
Quality Control

Operator performance Shop supervision Daily

Table G/}

A wide range of components is avail.)le for 3 process
centrel systess

- signal transmitters, local control panels
- transducers and transmitters

- motor control centre
- programmable process control systems
- microcomputers, personal computers

- black and white or colour terminals
- keyboards

- floppy or fixed disk storage units
- matniz or ink jet printers

Table G/3
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circuits, and the motors of the transport devices in the changing system.
Pushbuttons, indicators for pressures, flows and temperatures, and signal
lamps to indicate running motors complete the typical cabinet fromt plate.
An example of process control in a melt shop is given at the end of Appen-

dix G.

Production control system for a foundry

Foundries, although usually viewed by their managers as a "sperial - case™
are clearly of the production system process type. In this form of produc-
tion, a single "mass” of material is used to manufacture either a single
product or a range of products (several casting types may be produced from
a single "melt" of metal). Where foundries do usually differ from other
process type industries (e.g. paper, glass, etc) is in the variety of their
products and the relatively small batch sizes often involved.

Production control in foundries is often difficult to implement for a variety
of reasons -lack of data, wide variations of production process yields,
casting rework resulting in split-batches, and even a seemingly inherent
inability to count castings. Nevertheless no foundry is too small to

reject the transfer to a computerized production control system.

Objectives and functions of a production control system: The major objec-

tives of production planning and control necessary to assist in achieving
both adequate profitability and customer satisfaction in foundries are:

(i to plan and monitor the execution of production activities in order

to offer and to maintain reliable delivery performance;

(ii) to provide a balanced flow of work through the various production
centres to utilize resources efficiently;

(iii) by efficient use of resources to provide the required level of
service at the lowest possible manufacturing cost;

(iv) to monitor production achieved in relation to that planned;

(v) to provide a permanent record of production, deliveries, scrap etc.
The planning and controlling of production in a foundry can be considered
as comprising three levels of decision making (Figure G/1) combined to
give an overall approach by which strategy and tactics can be planned and
then used as a basis for control.

In pursuing the objectives above outlined, a foundry production planning
and control system should incorporate the following activities:
a) order acceptance and forward plant loading;
b) detailed plant scheduling, encompassing the issue of work instructions;
¢) monitoring the progress of work and taking immediate decisions concerning
modifications to schedules to react to divergence from plans;

d) preparation of management reports.
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Figure G/2 shows the relationship existing between the various phases
and features of production planning and coatrol in a foundry. Table G/3
illustrates a summary of production contrcl reports.

Production control systems should be flexible. The plans madaz at one
level of controlshould not unduly resrict decision making at other
levels when local difficulties arise. Flexibility to react to new infor-
mation or disturbance must be built in to the system. System flexibility

does not eliminate .l problems but should facilitate better conmtrol.

A model of foundry production: Foundry production may perhaps best be

modelled as a "cascade" of stages. manufacture of moulds and cores occur
on the top step, castings are poured on the next lower and subsequent
processes occur lower down up to the despatch section. When products
pass through a process stage they fall to the next lower stage.

Rework involves going back several stages, and scrap products produce

a call for additional products at the top of the flowsheet.

The number of steps at which castings can be monitored depends upon the
nature of production. An indication of the relative complexity demands
can be gained from comparison of Figures G/3, G/4, and G/5, although
even within broad groupings (e.g. sand casting) there are substantial
differences. In general these should never need to be more than *en mo-
nitoring stages. Operations occuring between of the monitoring stages
should be involved within one of the stages before or after. Die casting
production requires approximately 4 or 5 monitoring stages, sand casting
between 4 and 7 depending whether iron or steel, and precision casting
between 6 and 10 stages. Iron foundries generally have simpler process
sequences rthan either steel or non-ferrous foundries. Therefore the

need for close monitoring is restricted to fewer process stages —-typi-
cally casting, fettling, and despatch.

Regarding the effect of order pattern all three basic types such as dis-
crete orders on a non-repeating basis, discrete orders on a repeating
basis, semicontinuous or continuous production of running lines have
their own peculiarities and place different demands upon a production

control system, Two case staudies are reported at the end of Appendix G.

CAD/CAM: aspects and developments in foundry operation

Rising claims on quality levels consequently imposed increased pressure
on delivery dates and costs in the casting industry. The only answer is
continuous rationalization in commercial and technical departments by

introducing modern technologies like electronical data processing (EDP)

and CAD/CAM to remain competitive in the market. Working with CAD
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(Computer Aided Design) and CAM (Computer Aided Manufacturing) in produc-
tion starting with product design right up to the parts manufacturing,
offers optimal opportunities for rationalisation. CAD/CAM techmology has
the objective of improving the speed and accuracy with which a design
concept can be translated into a finished product. Companies with the
right atrtitude and readiness towards calculated risks will surely be a-
head of their competitions in the near future when adopting these new
technologies.

When introducing a CAD/CAM system one should proceed in logical steps
that can be followed by all persons concerned in the company. It is abso-
lutely necessary that the CAD/CAM concept is prepared systematically and
then logically interpreted into CAD/CAM application programmes. The flow
diagram shown in Fig. G/6 outlines the interaction between CAD/CAM and
the casting production process. An essential requirement of the dedica-

ted foundry CAD/CAM system is an effective solidification model.

Solidification simulation: Solidification is a unique feature of the

casting process, and it exerts a fundamental influence on the structure
and properties of a casting. The macroscopic aspects of the casting
process: heat transfer; thermal stress; and fluid flow are receiving
considerable attention and are the most likely aspects to be incorpora-
ted in process control and process design models. Research to develop an
understanding of the solidification phenomena continues to be an impor-
tant topic of research and the mathematical modelling or simulation of
solidification is a prerequisite of a dedicated casting CAD system. As a
casting solidifies, heat transfer occurs in three ways: conduction;
convection; radiation. A number of factors representing physical proper-
ties are of primar importance and must be taken into consideration in
attempting a3 successful computer simulation of solidification. These fac-
tors include the following transport phenomena and/or state properties:

latent heat of fusion

thermal properties of the metal/alloy

thermal properties of the mould

- heat transfer from the metal to the mould

convection in the melt

Heat transfer at the interface between the casting and the mould is com-
plicated by the formation of an air gap. This occurs whether a refractory
aggregate mould or metal die is involved, and is a manifestation of the
contracting casting and the expanding mould. Metal in a mould cavity is
subject to convection and this causes deviation from the concept of a

steady state. It is only recently that this aspect has received detailed
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investigation. In numerical computation for solidification simulation the
two most important procedures are the finite difference method (FDM) and
the fiaite element method (FEM). For the elaboration of a solidification
model it is necessary to take into account the four physical characteris-
tics affecting the castability of metal alloys. Coniidering each alloy's
characteristic as a continuum a respective model can be illustrated as in
the Figures G/7a and G/7b depicted. by means of a model like this the
designer can clearly see several different design considerations for the
alloys in question (in the example of Figures G/7a & G/7b are three) and
taking full advantage of computer assistance it is possible to optimize

machine productivity and product itself.

Other CAD/CAM interfaces with foundry: (i) Patternmaking: in order to

provide an effective casting CAD system, solidification simulation must
be complemented and supported by an unambiguous means of specifying the
casting geometry and by the productica of good patterns and tooling as
well. CAD/CAM applications in foundry pattern tooling are in their first
generation. However this is just the beginning of what will become the
way of life for patternmakers in the foundry industry.

(ii) Mould filling simulation: the simulation of mould filling has not

received as much attention as the simulation of solidification, due to
the complexity of the problem. Metal flow and heat loss during this flow
is of importance when solidification is rapid or a large temperature

loss cccurs dvring mould filling.

Currently, the standard assumption of instantaneous mould filling is made.
The significance of the gating system goes beyond its influence on soli-
dification, as it is well known that many casting defects can be attribu-
ted to poor gating system design. To be of any practical value a simula-
tion model must be carefully validated by checking its predictions with
experimentally determined results. Table G/4 shows the results of a com-
puter program used to analyse the flow conditions in the gating systems
of grey iron castings in the size range 5 to 10 kg. Forty different cas-
tings were studird. The results show that all the systems used fall into
three main groups, depending on the location of the choke. Eight of the
40 systems were choked at the ingates. The calculated velocities show
that the largest cross section in the gating system, that of the runner
(see Figure G/8), had the lowest velocity to allow for slag-separation.
The computer also calculated the smallest cross section on the joint

line necessary to form the choke, together with the velucity through it.
An examination of these results and the dimensions of the castings

enabl ‘d a pouring rate to be selected which was suitable for the foundry.
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Table G/4
Computer Caiculations
Goting Location Velocities cm/sec Joint line head Filling time Discharge  Number of
of om seconds coefficient castings
choke Runner Runner choke Ingates in box
Ingates 281 1772 7.45 86 4
Ingates  no
Ingates  runner 126.5 6.89 a7 1
Ingates 232 1238 16.62 L1 1
Ingates 30.7 1418 12.59 4 2
Ingates 67.93 140.1 8.78 .62 1
Ingates 769 140.1 11.04 N 2
Ingates 84 1028 18.79 65 4
Ingates 311 101.5 14.72 62 2
Runner 439 100.7 218 95 4
Runner 456 98 269 1.05 I
Runner 352 1350 26.7 9 4
Runner 385 1469 16.7 10 2
Runner 65.5 1486 7.2 .67 |
Runner  63.6 145.6 13.42° .56 6
Runner 48 153.4 - 931 65 5
Runner 339 1452 10.45 46 2
Spruc top 458 75.4 289 14.1 19 2
Spruc top 45.6 86.1 318 20.69 .68 1
Spruc top 643 109.4 6.1 5.65 57 4
Spruc top 1428 142.8 10.4 17.95 v I
Sprue top 44.6 89.5 107 407 11.44 84 4
Sprue top 35.1 545 583 6.11 57 4
Spruc top  22.4 151 1759 94 1
Spruc top 338 728 819 2.7 16.73 88 4
Sprue top 333 65.5 14 6.93 .61 4
Spruec top 38.1 2.19 17.98 .76 1
Sprue top 577 121.5 478 7.52 4.63 69 2
Sprue top 45.1 49.2 1.713 692 A4 J
Sprue top 176 n 5.30 1.23 344 98 |
Sprue top 317 416 1.56 3.58 .25 9
Sorue op 475 104.42 59 2.57 291 34 16
Spruec top 184 . .88 13.62 .96 8
Sprue top 255 1138 1.78 1.52 .59 6
Sprue op 41.1 41.3 5.56 1.52 12 2
Sprue top  45. 99.1 101.7 6.60 1.23 63 4
Sprue top  39.1 222 95 7.02 ) 4
Sprue op 386 5.27 8.51 .51 6
Sprue top 219 70.2 7.66 1.66 79 4
Sprue lop 447 5.00 14.84 51 S
Sprue top 238 2.51 5.54 .14 4
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It was proposed that the best yield would be obtained with a filling gate
system if both the sprue top and ingates formed equal chokes. The results
also indicated a suitable runner velocity to give slag separation.

(iii) Modular system for die-casting die: today it is common practice

world-wide to use standard elements in the die-miking industry. At least
25% of the in-house capacity for the die construction can be eliminated
by using standard elements. Some additional work on the die (approx. 20%)
can often be carried out by the manufacturer of the standard elements,
together with the provision of accessories. Thus, an average of 45% of
the capacity required for the production of a die can be served by using
bought-in parts. Extensive programmes of standard elements are available
of f-the-shelf. All izcms are listed in a catalogue (Figure G/9) and can
be combined individually according to a modular system contributing to a
more economical production in general. Considering the fact that many
diemaking shops work directly or indirectly as subcontractors for large
companies, it is very obvious that CAD/CAM cannot be ignored. Their intro-
ductory period is over; it is time for medium- and small-scale makers to
study CAD/CAM. But attention must be given to appropriate introduction.
It is important to introduce an optimum system corresponding to the foun-
dry's production scale, type of dies and software technological ability

SO as no to leave it unused.

Maintenance cperations

In the cast metals industry the maintenance department is often used as
a corrective department, only putting equipment right when it fails, and
the only routine maintenance function being carried out is that of oil
changing and machine cleaning. However, this department can make a2 major
contribution to a foundry's profitability. Proper planning of the main-
tenance foundry plant and equipment in conjunctionwith production requi-
rements will go a long way to avoiding unnecessary stoppages. The prin-
ciples of condition monitoring can be used as an aid to establishing main-
tenance routines and fault-diagnosis. By choosing a parameter which
reflects the condition of a plant and by observing changes, it is pos-
sible to diagnose trouble at an early stage. The objective of applying
condition monitoring is to pinpoint a problem before it occurs. It is
claimed that maintenance based on this method is now recognised to be
the most efficient and versatile approach to the operation of plant and
machinery. The cost of carrying this out is offset by improved control
maintenance, reduceed labour costs, avoiding failures and reducing the
amount of money tied up in the holding of spares long before they are
required. Table G/5 gives the advantages provided by condition monito-

ring. Possible areas which may be utilised for condition monitoring are
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given in the Tables C/b6 and G/7. Table G/8 gives a comparison of general
purpose condition monitoring techniques.

There is an almost unlimited variety of maintenance data which is possible
to analyse. Analysis of the maintenance function is of no use unless the
information is acted upon promptly. The secret of operating any successful
scheme lies in retaining simplicity, whereby only essential jata is ana-
lysed on a routine basis.

Wicth objective quantitative analysis based on historical records it is
possible to prove that a decision on a machine will have to be made:

(i) Accept the presert level oi downtime, as modifications are
impractical or too costly. (Downtime analysis will show the
frequency of occurance and the cumulative downtime hours, plus
repair time man hours and material costs).

(ii) Modify of a plan for a major overhaul of the equipment to bring it
to an accepatable standard. (Cost analysis will show the reccurirg
cost of maintenance).

(iii) Dispose of the failing asset and purchase replacement machinery of
improved design. (Defect analysis will show what pifalls to avoid).
Table G/9 illustrates a weekly analysis of maintenance labour. An example
of a monthly comparative analysis of machine costing by labour and material
is produced in Tablie G/10. Results from subsequent periods indicate whether
or not maintenance is being efficiently applied. Reduction of emergency
and corrective maintenance indicate that the foundry approaches the opti-
mum economic maintenance level.
Now that the industry is becoming more automated it is considered an essn-
tial requirement for a foundry to back up the maintenance trades with
advanced training and a large degree of "in house expertise”. Many main-
tenance schemes fail because management do not provide the necessary re-
sources (spare parts schedules, technical information, training etc.). It
is the responsibility of the employer to train maintenance personnel to
maximise machine availability at optimal cost to the company. Training
and particularly in-plant training should be regarded as an on-going
process. Also the increasing importance and adaptability of computers
(micro- and mini-) within the framework of maintenance operations should
not be omitted. This is significantly enhs . . by the fact that much

cheaper hardware is available.

- ? o+ oo
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Table G/5
Adventages provided by comilition meniiering
Methods by which condition monitoring gives these adventages
Adventages obtained
Trend monitoring Condition caecking
Sefety ReJuced injusics and Falal Enables plant 10 be stoppal waicly Machine condition, as mdicated by
accndents Lo pes i caused whes inytant shutdown s aot an alarm is adequate if instant shui-
by machinery permissible down is penmitied
Muoge Enablcs machine shutdown fug Allows time between
tunning maiatemance 0 be relatad 1o machine vverhauls 1o be maximised
time required pruduction of segvice, and, if necessaty, allows a machine
and various consequeatial losses to be nursed through to the next
from waexpecicd shet downs to planncd overhaul
Increasced be avoided
machne )
avaibabilsty Enables machine to be shut dowa Raduces inspection tisse after shut-
without destruction of major damage dowa aad speeds up the stan of
Less requiting a loag repais time corrext remedial action
maintenance
time Enables the maintcnamce team to be
Output ready, with spare patts, to start work
33 swon as machine is shut Jown
Allows some types of machine 10
be rua at increased load and/os
speed.
Increased rate of net output Can detect reductivns in machine
efficiency ot increased encigy
CORSuMPLIOn
Improved quality of Allows advanced planaing to reduce Can be used to reduce the amount
product of swrvice the cffect of impemling breakdowns of prodece og scrvice produced at
on the customer for the pruoduct or sub-standard quality levels

scrvice, and thercby enhances
cumpany reputation

Table G/6

Areas which may be utiliosd for condition menitoring

Gases, flulds (Including lubricants

Flow, pressure and temperature of water cooling systems

pH. chemical analysis (microsiemens/cubic centimetres), gates
fisve gas analysis, CO: CO, ratio, tempersture pressure cupolas efc.
Moisture, dust content, viscosity

Flow, pressure and temperature of lubricants

Moechanical — nelss, tomperature, vikration

Temperature (cooling system, casings etc)

Loading (strain gauges etc), cranes, silos, rotation speed of driving
mechanisms (e.g. gearboxes)

Vibration noise

Energy

Light emission

E~rth leakage

Current/power drawn by motors etc.

Combustion and flame control

Power factor

Fual combustion

Temperature monitoring. insulstion temperature monitoring
Flow/ pressure
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Table G/7: Semmary of condition menitering tochaiques
On/off . Equipment costs  Skill required of
Method loed Locetion of fewit (1977 level) operstor Comments
1. Visua) On Surface only nd Predominantly Covers a wide range of
experience od hoc methods
Off Can be extended to Optical probes No special skill Extensively used in acvo
interior components about £500 required engine industry for “tusn
provided method was  £2000 television round’ inspections
congdered at design
stage
2. Temperature On Surface o1 internal Varies widely Little skill requiged Instruments range from
(General purpose fot most methods direct reading the: monseters
technique) to infra-red scannces
3. Lllbnant On Any lubricated com- <fS0except for  Skill is requised to Specuographic and
monitoring ponent - via magnetic  ferography distinguish between  ferrographic analysis services
(General purpose plug. filters or odl and wpectrography damage debris and are available to show what
technique) samples equipment normal weas debris elements are present
4. Leak detection Unand Off Any pressurecontain- <£1000 Skill in use of the
ing component specialired equipment
5. Crack detection X
(a) dye penetrant Onand Off At clean surface <£50 Some skill requized 2.';',’ detects aracks breaking
ace
(b) magnetic flux Onand Off Nears to clean smooth <£50 Some skill required.  Limited to magneticmatenals.
surface Easy to crack Sensitive to crack orientation
(<) electrical Onand Off At clcan smooth <£100 Some skill required Sensitive to crack orientation.
resistance susface Useful for estimating crack
depth
{d) Eddy current Onand Off Near to surface. Close-  £100-£1000 Skill essential Detects a wide range of
ness of probe to surface naterial discontinuities,
affects results ﬂ‘ﬂ-‘- inclusions, hardness,
eic.

(e) Ultrasonic OnandOff Anywhesein any com- £3500-£1000 Skill essential,if Directional sensitivity, there-
ponent to which there  (Battery cracks not to be fore general searches lengthy.
isaccess via s clean operated) overlooked Used 1o back up other
smooth surface diagnostic techniques

() Radiography off Access to both sides >£1000 Considerable skill Covers s large area at one
necessary requised in setting time. Security required

up snd interpreting  because of radiation hazasd.
1adiographs Limited to sections less
than 50 mm (steel)
6. Vibration Onand Off Any moving com- >£500 Some skill requised  Methods vary from the simple
monitoging ponent. Any object to the sophisticated.
(general purpose containing moving Routine measurements taken
technique), parts. Transducer tapidly and do not affect
total signal, placed in path of operation of the machine
band {re- vibration tyans-
quency analysis, mission, e.g. beasing
of peak level housing
7. (a) Corrosion
monitoring In pipes and vessels
(b) Comrosometer On Potentiometes Some skill requised  Will detect 1 gm cosrosion logs
(clectrical <£200
element)
(c) Polarisat’ sn On Meters £500 Some skill sequised Only indicates that ¢ orrosion
resistance and is occurring
corrosion
potential
(d) lydsogen probe On £100 No ill Hydrogen evolved diffuses
into thin walled probe (ube
and causes pressure rise
(e) Probe indicator On - Skill sequised in Indicateswhen preset amount
holes drifling to exsct of corrosion has occurred
depth
(1) Weight loss off - - wionitosed when plant
coupons stripped down,
(&) Uluasonics ofr £500-£1000 Skill essentinl Will detect 0.5 mm thinning
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Table G/8: Comparisn of genersl purpems condition-menlioring techalques

Thermgl monitoring Lubricent monitoring Vidration monitoring

Medwm fue Sobid — casing, shaft body Ol wsed [oc lubrication and/ox Any 30lid part of machine

[T T ATN Fluid — hubricant, cooling water covling

ol nformation ot ais

theuegh Depends on thermal coaductivity Depends oa hrbricant being pumped Depends oa elastic and mass

machmne round the. machine characteristics of solids

Componeals Any heat generating devices (com- Asy compoacat which is lbcicated;  Aay componcat that moves,

moaituted bustion ia cylinder or electrically bearings, transmitsion compoacats surfaces betweea components
generated heat i motor). (gears, couplings, cams), twbrication with relative motioa, clearances
Comldition of bearings. pump
Fluid flow in heat exchangers
{louling of passages)

Lavlts Jetected  Fallure of dnves, blockage of Any form of wear or faidure tha: Change in any moving componcats,
ducts, luss of covling, fouling of results in lubgicated surface failure. wear ot failure of bLeagings, mis-
coolets, uves-use (¢ g. overloading Leakage of othes coataminaats balance, change in cleatances
motors) 10 lubricaat

Munitoring Fluid o banctallic thermomcters, On-dvad removabie filters, magnctic Acceksometes plus elecisonic

euipment thesrmocouples, tcsiblance plugs fos visual examination of debris processing eyuipment 10 display
thesmonmelics, thermistor plus using mictoscope, spectsuscope for time averaged values.
associated instrumenlts, (empers- analysis of matcrial in suspension, Frequeacy filters and secorders
ture paints/crayons, infita-red ferroscope fur separating debris, for analysis of vibrations
detections, opucal pyrumeters, presseie gawge across fillers
infra-red sanning camera

Freguency Contiauous and periodic Prismarily permdic Periodic but also continuous

Table G/9:
Pure Maintenance Project Engineering Production Non Maist Total
Week No. 51 I-M:]"' Cosvective I Emergency | Modifications | Capital Hours

Dept. Mech] Elect | Civit] Mech|Elect | Civit [Mech|Blect Cnilue:i!&u Civil [Mech| Elect cm#u.alsm Civil| Mecch] Elect | Civill Booked

Foundry W]l nfn|» 2 el ~ | IB5117 |14 s 18] -} 4 1 IW——-— )

Dressing i ef—1 wjw| - -] of~] af={=F-=[=-[~-] 3|=-[|-=1-1-=-1-§ =

New Ml -]~~~} =]~} ~=}=-1~=]~-] 2] 8]~} -=-1-=1-1 7

Assembly Wl-1-t ]3] 9|l »w|~-|-l-t{-1-1-1=-1~w]l=-I|~]—-1—-1—-% m

SheetMet. = uf-) 3] 2]-~-|D]-]~-]=-]=-]=1=-1~<1w]l-]-]1-]-1-1 »

Maistensae | — |- |- =] 2| |=-|=1=]-=-]=|-1-=-|-1a|-|<=]=|us] @] 2] 28

Services »l3l-1-1-]1-]- ~l=-lul-1-121-|=-l=-l-1~-1-}]-1

Other Depts i{- 6| s{»w| -~ ~f—-f-=-ftsl==1l=-1=-{-1 4¢-1-1-1 @

Spares - |=-110] 1 ]=-1~=1}- - ===l ~-1=-|~-1=-1={=-|~-1-1-1 u

» [P, NI 8] - ™| 126

Totals » - 113 - 12 - & 7

Mech 202 » -~} = ===} ]=}—- R}

Elest 3 b 3 P - - — m

Cwil - "7 n 19 4 S 2 WS

Total Hours 358 32 %! ), 1] 175§ 1451
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Example 1:

Melting with process control

The melt facility at Valley Mould was designed to produce 900 tpd using
two 55 ton coreless induction furnaces, each with 16MW power supply. As

a result of process control, the shop can comfortably and economically .
produce 1000 tpd with two furnaces. With all three furnaces available in
use, it has been possible to produce in excess of 1200 tpd.

The plant may melt either 1007 scrap or 1007 direct reduced iron (DRI)
pellets or any combination of the two. The induction furnaces are sup-
ported by a preheater and a unique alloy addition system.

The alloy addition system consists of two, three bin groups, with each
bin having a weigh feeder. The weigh feeders supply material to cross

and indexing conveyors, which feed directly into the furnaces. The ma-
terials, presently graphite, 50% ferrosilicon and granulated pig iron,
are precisely weighed out as directed by the control room supervisor.
Adding alloys in this method not only saves manpower, but gives a very
high recovery rate as the alloys are added slowly while the melt power

is on. Bin groups are refilled once each turn.

Charge makeup and bucket charging follow traditional methods. Typical
charge makeup consists of brokem ingot molds, pig iron, various types

of steel scrap and foundry returns. Tap sizes range from 30-35 tons with
four recipe type backcharges per heat.

Valley's melt shop departs from traditiomal coreless induction facilities
in that the melt deck is elevated 20 ft above the operating floor. The
deck is elevated to this level to allow tapping into hot metal mixer cars

(torpedo cars), required because of the design of the building.

Process control: The foundry, using three supervisors and 11 hourly workers

per turm, has produced as much as 30,000 tpm of molten metal that is in i
specification. Much of the success of this installation i{s due to the pro-
cess control systems. Without the process control systems in place today,
the shop could not rum as economically with respect to raw materials,
energy use or manpower, nor would it be able to maintain precise chemistry

standards and delivery schedules. The facility is equipped with data gat-

hering, data processing and automatic control systems. The table on the
next page lists the hardware in the plant. The devices are in constant
communications with each other. Data transfer to the IBM System 36 compu-
ter occurs only on command, however.

Applications of process control:

- Raw materials tracking

- Charge makeup control
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Alloy additions
- Furnace tapping

- Furnace operations

Record keeping of products

- Power demand control

- Management information
While the technical expertise is available
to fully automate a melt facility and the
processing hardware is on the shelf, the
sensing equipment available today is either
too expensive or will not srand up to the
harsh melt facility enviromnments. There are
many conditions that may occur in coreless
induction furnace that require immediate
skilled evaluation and action and it would
be difficult to program all of these condi-

tions into control systems.

Use of the process control systems to operate

subsystems, advise operating personnel and
gather data has been demonstrated in this
facility described above. Considerable

savings may be generated by prudent use of

raw materials and energy and use of the sys-

Hardware for Deta Gathering,
Reparting '

?hxashm(knniuu

+DATA INPUT DEVICES

| tuck end track scales
- twee hot metal scales

- ) hen

' wo raw material scales

| six altoy feeding scales

[ madied

! spectromaler

! furnace control systems

{  Ohio Edison electric meter
t {kwh and time sync puise)

' PROCESSING AND CONTROL

twee programmable controliers
. (umace)

one programmable controller
. (elloy systam and auxitiary

. data) '

POP 11 computer with two disk

- drives

six integralor controliers )
(ailoy feed) .-

» INFORMATION OUTPUT

_ conisol room displays
five printers

- oix CRTe

. dala wansler 1o Velley 1BM
. Sysiem 38 computer

-
PLRY TR

P NI S S e 5 T T e

® wroyr. w

e T W

ISP P

tems in product quality control cannot be disputed. Canned programmes for

personal computers (PCs) lead to the next step in programmable control-

operational control for smaller shops. In lcrge melt shops today, process

control systems are a must, but large and small shops alike need to look

for ways to cut costs. A well designed and implemented system can save

large amounts of labour, materials and energy for the whole foundry industry.
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Example 2:

Sand foundry system on single user micro-computer

This foundry, part of a large engineering group had assessed many
*assembly industry' systems over a 4 year period, deciding that none
were suitable, in every case.

In 1982 a single-used microcomputer was installed with the sole function
ot planning, recording and reporting upon stock, work in process, orders
in hand.

After 3 months negotiation and system design discussions, an order was
placed. The system, total cost about £8000 was delivered in late July
1982 and was fully operational by late August/early September 1982.
About 1000 live orders are held upon the system at any time (limited by
the use of small 'floppy-disc' data storage), and any number of master
records (i.e. pattern numbers and full processing details) can be accom-
modated. Currently the systen has some 2500 ‘methods' stored on disc.

In use the production control system is operated by one individual who
receives production returns from the foundry at the end of each shift.
The system processes this data immediately and produces a printout of
the updated production programme for issue to the shop floor on the fol-
lowing morning.

Management reports are alsc produced -overdues, valuation of order file,
loading on each work centre, production programme, metals requirements
over any given period etc.

Entry of new orders to the system requires only input of order number,
required date and quantity ordered. The remainder of the information on
each pattern number is stored on floppy disc and is automatically tran-
sferred to the order file when the pattern number ordered, is given to
the computer.

The systems has been working since November 1982 continuously and has
reduced the manning required in production monitoring/control from & .
persons to 2.

The major system limirations are the rather slow search routines used

and when creating reports -this leads to lengthy (half hour) delays while
waiting for crder book printouts. In addition the foundry has now filled
the order file, and despite rigorous removal of orders from the file as

soon as they are complete, there is no expansion available should business

volume increase and the order book be extended.
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Example 3:

Precision castings foundry using hard disc microcomputer

This foundry uses fairly exotic alloys in its castings, so that strict
control of materials flow and material stocks is essential.

The production control system also acts as a materials ledger, booking
material out to sub-contract machinists and back into stock from the
machinists. In this way all material ia accounted for, including machining
swarf. The system has now been operational for about five months, having
taken about ten weeks to install, modify and commission with all basic
data.

Again a 'package' solution was used, although one with considerable mo-
difications.

The experience in using the system to date has been good, with a single
operator coping with all daily production recording. Initially the need
to import production figures from eight separate stages caused problems
for the limited period in the day when the computer was available.

Program improvements to speed access time to disc files, involving

'compiling' the BASIC programme, have now cured this problem.
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Appencix H

Environmental control and recycling

Introduction

In recent years the foundry industries in verious countries have en-
countered growing problems, in connection with the disposal of their
wastes. In some countries, the situation has led to the initiation of
special investigations relating to the disposal of foundry wastes, in

most cases initiated and financed by the foundry industry.

Input materizls in a foundry

When a foundry is in equilibrium, the annual input of purchased refrac-
tories and moulding materials balances the output of waste gases, dust
and waste as a rule. It follows that by monotoring the input materials
one can estimate the output of foundry wastes. In general, the incoming
materials can be classified into the following categories:
i) refractory materials
ii) unbonded moulding materials (silica, chromite and olivine sands etc)
iii) clay-bearing moulding sands
iv) bentonite and clay binders
v) moulding sand additives
vi) inorganic moulding sand binders
vii) organic moulding sand binders
viii) hardeners, hardening accelerators
ix) miscellaneous
By far the greatest proportion of these materials is inorganic in nature,
and no combustion of them takes place in the foundry. Consequently an
equivalent amount must leave the foundry again in solid form. Moreover,
all the inorganic materials are inert (with the exception of the two
binders, cement and sodium silicate). Only the organic binders, moulding
sand additives and hardeners can produce critical waste materials. See

Table H/I.

Foundry waste outgoings

Depending on the operational factors such as class and nature of products
output in tpy, type of melting equipment, type of moulding and coremaking
equipment, a foundry can contribute a wide range of contaminants to its
waste outgoings and checks on the amount of waste material leaving most
foundries are very approximate because exact weighing is seldom practised.

Consequently, the available data must be less accurate than those on

incomong materials. Before the recycling of foundry wastes can be consi-
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dered, effective sorting is required. By understanding the specific make-
up of the foundry waste solids and conducting proper bench testing and
plant trials, a successful programme can be developed to remove these re-
gulated chemicals from the wastewater. in a typical iron foundry melting
with a cupola, the gases leaving the cupola are CO, with small amounts of
CO2 and SO2 if the coke was made with sulphurbearing coal. The discharge
from the cupola is high in suspended solids, because the weaker coke
lumps break loose and there is an initial surge of cokes fines into the
exit gases when the charge is dumped to the burden. These suspended solids
also include iron oxide from the bars of pig iron. The dust may be collected
by bag filtration or wet scrubbers. The later are usually installed and
become the principal use of water in foundry opeartions.

In the scrubber water, suspended solids are usually quite high and the

pH is acidic. after the quenching spray the cooled gas moves through the
venturi with the scrubbed gases going out the stack and the scrubbing
liquid to the clarifier.

Dust is also a problem in foundries. The dust comes basically from the
sand molds in the casting preparation and finishing operations. In the
preparation step, sand is mixed with a variety of chemicals to produce
green sand moulds. Dust is generated in both the sand preparation and
moulding operations here, as well as the subsequent knockout, cooling,
cleaning and finishing operations. Individual venturi scrubbers can be
used at each operation, with all water flows being directed to a common
clarifier. As already mentioned above Table H/1 gives the amount of the
ancillary materials used in the foundries of the countries listed. The
average figures represent the portions of waste materials produced by
these foundries.

Table H/2 lists results of an enquiry about waste disposal from the
foundry industry. The disposal of waste from foundries related to the
production of cast iron varies between .4 (Japan) and 1.5 (USA). R-lated
to the ancillary materials only Japan is under 1.0, ie. in all counvries
the output of waste is greater than the amount of ancillary materials
purchased. The elements lead, arsenic, cadmium and chromium were measured
most of all. In some cases results for mercury, copper, zinc, cyanide,

phenol, hydrocarbons and formaldehyde were given.

Wastewater treatment and reghtive a_gpg_:tg

With proper planning ana evaluation in the conceptual engineering stage,

the design rngineer can determine the most effective treatment method

for a faciliry. An organized, syepwise approach to find the best solution
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Table H/1 Input of anciliary materials, Polnt 7 of the Enquiry
Quest No. Unit BRD DDR GB F | CH USA
Refractories 1 % Average 38 89 69 1] 68 6.5 15
(Rrange)| (0.4-16)
|Moulding sands 2+3 85.2 s 842 9 76.7 M9 83.6*
(61 - 96)
Binder Clay 4 63 50 kX ) 0.6 12.1 20
| Bentonite 05-22)
Additives S 25 1.4 34 0.2 0.7 8.0 29
(0.1-6.6)
Imorganic binders 6 20 2.7 1.0 0 1.0 ®included
(0.02-6.8) in2+23
Organic binder: 7 1.6 . 22 0.9 0.2 20 29 *included
(003-48) m2+]
Others 0] —_ — —_ - 2.1 -
(0.02-0.9)
Total per foundry Uyear 42,210 15,9 49,180 | 208.600 | 14950 4,190 24.300
Related to 11 0.63 1.00 1.3 888 0.57 0.84 0.3
lu'o. production
“The values fur irom casting productivn were calkulated partly from data given in the enquity (BRD, DUR. F. J. USA) and partly from
estimations (GB, CH).
Table H/2: Foundey wasie (wasis suigeing, wasie sorting, methed of removal, chemical analysls)

: Unit BRD DDR GB — F ] CH_ USA |
Amount of waste per foundry 100017y S D [01.. N S A3 T[T 5% — 5...88
Average 1000 ¢/y St 22 60 1t 9.7 S.1 35
In proportion to Iron
production t/t [} ] 14 0.6 09 0.4 1.0 0s
1n proportion to
aacillary materials te : 1.2 1.4 1.2 1.2 0.6 1.3 1.6
Waste sorted:

YES No/foundries 8 7 ) 1 46 9 -

NO No/fouadries 4 17 8 ] 25 27 —
Waste removal:

No/foundrics 8 22 66 mostly -
by lurry No/loundsies : by loery

by coatsiner No/fowndrics 2 2 - 2 2 - -
other means No/loundsies - - - - L
Chemica! snalysis:

YES No/loundries 10 7 1 2 $7 16 1nse
|no No/foundrics 2 17 8 0 1 20 382¢
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for an individual foundry will minimize both cost and wasted effort.
Corpliance with the effluents guidelines can be achieved using methods
that include various options for both wastewater collection and treat-
ment .
Currently, foundry wastewater treatment varies greatly, depending on the
size and location of a plant. However, treatment of process water falls
into one of three basic options or modes of operation. These ace:

(i) central treatment of combined flows;

(ii) individual wastestream treatment;
(iii) a combination of these two.
Alternatively, a foundry may utilize a dry baghouse systen with no direct
contact water use.
The most commor method of wastewater treatment for foundries is a combi-
nation of central and individual treatment, i.e., con'ing waters may be
separate, but all dust collection systems are routed to a common pond or
clarifier.
Many systems inadvertently mix nonregulated and regulated wastestreams.
The mixing of wastes can either assist or hinder treatment and recycle,
depending on the nature of the wastewater systems snd noncontact cooling
water systems. It is important to recognize the existence of nonregulated
wastes and the effect they will have on treatment alternatives. The design
engineer usually has several alternative solutions to consider for achieving
compliance with the effluent guidelines. These alternative solutions have
to include a factor of flexibility in their lay-out, because, unfortunately,
in foundry wastewater treatment it is rare for a plant to have a consistent
stream to treat in terms of quantity and quality. Variations in flow,
particle size, feed solids content, pH, temperature and chemical constituents
can adve:sely affect clarification efficiencies. Table H/3 presents a
selection of common system upset symptoms, their likely causes and recommen-

ded remedies.

Air Pollution

Air pollution control regulations must also be taken into consideration

during the design phase of new or modified effluents treatment facilities.

,§pg££g§ gﬁ emission from electric arc furnaces

Emissions from electric arc furnaces can be divided into three categories:
i. Those originating from the charge materials
1i. Those generated during melting and refining
1ii. Those emitted during furnace tapping.

Some increase in furnace emission may be noted immediately following the

addition of some alloys and slag forming materials but their quantity is




Table H/3: o Troubleshooiing Clarifler Probleme

urseT POSIBLE CAUSE ' REMEDY
Underficooulaied " incresse chemical does, revies
. Channsiing Dacresse polymer dosage or revise
* - raks macheniom
Poor seliling rele Excessive hydraulic load Reduce flow
Enconsive rahe speed . - Reduce speed
Chemical problems Inapectchemical feed system and
- dosagelevels
Poor internal miking Inspect and adjust agitstor
mechanism
Excessive solids carryoveror Excessive hydraulic load Reduce fow
turbid overfiow Underfioooulsted increase chemical dose, revise
Overfiocculated Reduce chemical addition
Seplic sludge increass sludge withdrawal
Encessive fines Recirculals some underfiow back o
clacifior foed
Flosling solide Entrained alv Deserator ough of repeir leaky
. pump seais
Sepiceludge - increass siudge withdrawal
Solids or oie fighter then weler Skimmer N
Excessive rake torque Scele bulldup Cleen and use scale inhibitors
Large, heavy solids .- Screen diarifierinfuent
Over figcculation _ Decrease fiocculent addition
. Poor design Consult with manulaciurer
Corrosion _ pHupest - Check pH sdjustment system
Iimpropes malerials of consiruction Consult with mawiachurer
Use of corrosive inorganio Switch 10 an organic program
coagulants :

Table H/4
Effect of various methods of dust and smoke control during c.Nerent pacts of the meliing cycle

Charging Melting Additions superheating Slagging Pouring

Value to Value 1o Valve o Value 10 Value 10 Value 10
Sysiem Control operstors Comtsol  operators Control operators Control operators Control  opersiors Control  operstors
General
Venulaton Poor Listle Poor Lide Poor Litle Poor Lutle Poor Little Poor Little
General
vemilston
with roof Caa be Caabe Canbe Czabe
bafMes good Lictle good Litde good Little good Litde Poor Lute Poor Litide
Canopy hood Poor Latle Poor Little Poor Latle Poor Little Poor Little Poor Little
Lip Resson-
eatraction Poor Licte Good Good able Some Good Good Poor Litle Poor Some
Combined kip
extraction Reason-
sad csnopy Poor Lintle Good Good able Some Good Good Poor Lite Poor Some
hood

Faidy  Farly Fairly Faitly

Bosencloswe Guod good good Good Good good Good Good Good good Good  Good
Snie draught Maybe Maybe
houd Good Good Good Good Good Good Good Good Good Good sood good
Swing asude Canbe Canbe Normaelly Normally Noemally Normally Caabs  Can be
hood sood Good  Good good good Good  Good poor poor sood good
Sule draugm  Reason- Resion-  Resson-
houd with sble Som¢ Good Good Good Good Good Good able sble Poor Some
blower duct
Toal
ewlosure Msybs Maybs
houd Good Good Good Good Good Good Good GCood Good Good good good
Estracied Caabe Canbe
chargsbucket Good Good Good good sood None Nong None None Nowg None
Telescope
duct Good None None None None None None None
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small and duration short. When the heat is completed, some small quanti-
ties of emission will be given off as metal is tapped into the pouring
ladle or run into a holding furnace. Table H/4 illustrates some individual

methods of capturing emission-materials and compares the‘r effectiviness.

Recycling
As a result of the rising costs of raw materials, transport and dumping

charges, and the uncertainties relating to the dumping of used sand inc-
reasing attention has been devoted in recent years to the reclamation of
used sands. Various methods already exist and have been proved sound in

practice. The economics of sand reclamatiorn naturally depend greatly on

the dumping costs and the specific costs of transporting both new and

used sand. A central reclamation installation can be considered for certain

regions, to increase the profit margin by operating at maximum capacity.

Waste materia': Used foundry sand is usually made up of a mixture with a
ratio varying from O to 100% of moulding sand to core sand. By testing
these thoroughly, it has been found that only dust and the so called
"dead clays" are actually unusable. The balance is made up of sand grains
which are perfectly integral and usable, proviced that it is possible to

free them from the clay and binder residues.

Regeneration plants: Regeneration is possible with combined plants where,

by means of different treatments a clean and completely usuable sand is
obtained. Figure H/! illustrates the general layout of these plants for

mixed sands, indicating the four main stages

Operating plants - Energy consumption - Product: There are currently
worldwide several plants in operation for regeneration of used foundry
said on the lines shown in Figure H/1. Figure H/2 shows one of these
plants operating in Japan. The plant treats a mixture (80% green sand and
20% shell sand), obtaining a sand with .4% clay and .05 L.0.I. (loss

on ignition). Consumption in propane gas (10970 cal/kg): 17.1 kg/c,
electric power:23.4 kWh/t.

Further improvements are necessary, especially from the eiergy consumption

point of view,

Economic considerations: The economics of regeneration plants will be

justified in cases where

where:

cost per ton of regenerated sand

S = cost per ton of new sand ex-foundry

D - cost per ton of disposal, transport included.
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Example far the determination of caost saving by installing a
plant for the reqgeneration of used foundry sand at a rate of
S i/h (Based upnn the Federal Republic of - ‘many). (see Fig. H/3).

Labor costs (3-shift operation)

0,5 man/shift

Average yearly salary including
sacial security contributiaons of
aeprox.DM 50.C00,00 DM 75.000,00

Energy coscts

Based upon 22 h/d at 5 d/Ue

50 We/a = 5.500 operating hours/year

Natural gas (significant calarific value Huy =
----------- 8.500 Kcal/m* and 3 % combustible
substance in the used sand)

(7 m* rnatural gas/t sand; 0,630 DM/m*; at S t/h approx.
35m* natural gas/h)

35 m*/h x 5.500 h/a x 0.430 DM/m? oM 121.275,00
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Electric power

(Power rating: 295 kW, rate of utilization: 80 %, 0,175 DM/kWh)
295 kWh x 0.175 DM/kWh x 5.500 h/a x 0,80 OM 227.150,00

Cooling water

(Consumption: 2,0 m*/h, 1,698 DM/m?®)

2,0 m/h x 1,698 DH/m* x 5.500 h/a DM 18.678,00

Pressure air

(Consumption 60 m*/h, 0,031 DM/m*)

60 m*/h x 0,031 DM/m* x 5.500 h/a oM 10.230,00

Used matcrials

Spare parts, parts subject to wear, lubricating agent, furnace
lining, impingement type, nozzles etc.

approx. oM 80.000,00

Gross operating costs/year DM 532.333,00

Recoverable energy for example

for the hot water supply

Admission: Sand at 900°C
Cooling process: to 150°C
T: 750°C

Cp Sand: 0,22 kcal/kg°C
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Quantity rating: 5.000 kg/h Sand

Transfer price: 0,08088 DM/Kcal x 103

Duration:

15 h/d, 250 d/a = 3.750 h/a

750°C x 0,22 kcal/kg°C x S.000 kg/h x 3.750 h/a x

0,00008088 DM/kcal

Recoverable energy/a

Net operating cost
recoverable energy

OM 532.333,00/a
OM 230.223,00/a

o1 282.110,00/a

. e T —— e —— — —— o ———— ——
R T -

Capital investment

Starting cost from project

to coammissioning approx.

Capital costs/year

Depreciation per year

x
"

depreciation/year

>
]

capital costs/year

>
"

projected period of depreciation in years

interest rate

v
L]

approx. OM 250.223,00

gross operating costs -

OM 5.400.000,00

oM 80.000,00

oM 5.480.000,00
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5.480.000 100 (12 +1)

(approx. 1 % of the capital costs/year) DM 55.000,00

Production costs per year

Operating costs on  282.110,00/a
Depreciation oM 723.963,00/a
Insurance . oM 35.000,00/a
Production costs DM 1.061.073,00/a

Throughput capacity

S t/zh x 5.000 h/a = 27.500 t/a used sand resulting
in 75 % regenerated clean sand

27.500 t/a x 0.75 = 20.625,00 t/a

Specific sand costs

. —— — e e ——— —————
e T 1

20,625 t/a

OM 51,45/t clean sand




- 251 -

Investment Requirements and Unit Production Casts

(Based upon the Federal Republic of Germany, operation with a
required sand quantity of 27.500 t)

Without regeneration plant

Provision of fresh sand as well as transportation and disposal of
27.500 t used sand per year including dumping costs (115 OM/t,
estimated)

27.500 t/a x 115,00 OM oM 3.162.500,00/a

With regeneration plant

Provision of fresh sand as well as transportation and disposal of
6.875 t used sand per year including dumping costs

6.875 t/a x 115,00 DM/t o 790.625,00/a

Regeneration costs (production costs)

of 27.500 t used sand per year DM 1.061.073,00/a

. — —— — ———— — ———— - — - ————— — - ————— - ——— ——— ——————————— — -

Total costs oM 1.851.698,00/a
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Cast saving of the foundry

Without regeneration plant BM 3.162.500,00/a
With regeneration plant DM 1.851.689,00/7a

OM 1.310.802,00/a

Without regeneration the costs for 1 t of sand
including provision, transportation and dispcsal are:

3.162.500 DM/a

--------- ———— = DM 115,00/t .

With a regeneration plant the costs for 1 t of sand
including provision, transportation and disposal are

1.851.698 DM/a

--------------- = OM 63,33/t .
27.500 t/a ===========

Saving: DM 47,67/¢
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INDUSTRIAL DEVELOPMENT ABSTRACTS

001052
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Lalkaka, Rusi

UNIDO

ECAFE

(R) INDIA. MODERNIZATIOK OF FOUNDRIES AND RE-ROLLING MILLS
IN THE SMALL SCALE SECTOR. ADVISORY SERVICES REPORT.
Vienna, 1973. 1 vol. (various pagings). tables, diagrams,
map.

<UNIDO pud>. <Final report> on modernization of ¢ foundry>s
and re~<1olling> mills in ¢ India> - covers (1) <small scale
industry> in the <metallurgy> sector; proposed
<modernization> programme (2) upgrading the technology at
foundries for various <casting> and for <steel> foundries
(3) improving re-rolling operations (4 <rav matercial’s;
<fipancing>, <training>, <management>; <¢marketing> (5)
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layout>s, <maps>, tables. Additional references: < iron>,

< fuel>, <metal scrap>. ¢ Restricted>.
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NALVAUX RG
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(R) INSTALLATION D'UNE FONKDERIE DE PETITES DIMENSIONS.
RAPPORT FINAL.

VIENNA, 1970. 36 P. TABLES, DIAGRAMS, ILLUS.
UNIDO-UNIDO/ICD.35

JUNIDO PUB/. /EXPERT REPORT/ ON THE ESTABLISHMENT OF A SMALL
JFOUNDRY/, INITIALLY FOR /NONFERROUS METALS/, IN /TOGO/ -
CONTAINS (1) /MARKET IKFORMATION/ AND /INVESTMENT/ ESTIMATES
(2) TECHRICAL AKD /ECONOMIC ASPECTS/ OF THE PROJECT,
INCLUDING /RAW MATERIAL/ ASSESSMENT, /PRODUCTION CAPACITY/
AND /PRODUCTION COSTS/ (3) /TRAINKING ASSISTANCE/ REQUIRED
AND GENERAL /RECONMENDATIONS/. /STATISTICS/, /FACTORY
LAYOUT/, PHOTOGRAPHS. /RESTRICTED/.

FREX

INDUSTRIAL DEVELOPMENT ABSTRACTTS

00341¢

1972

$20IRA(2-5)

KENTISCHER A

UNIDO

(R) FINAL REPORT. (FOUNDRY IN IRAN).

VIENNA, 1972. 12 P.

/JUNIDO PU3/. /EXPERT REPORT/ OF ASSISTANCE TC A /FOUNDRY/
AND ATTACHED /METALLURGY/CAL /LABORATORY/S OF THE
/INDUSTRIAL ESTATE/ AHVAZ 1K /INAM/ - CONTAIKS
/RECOMMENDATIONS/ AND DESTRIBES WORK DONE WITH REFERENCE TO
/FACTORY LAYOUT/, PRODUCTION OF CAST /IRON/ AND /ALUMINIUN/,
/TRRINING/ OF /COUNTERPART PERSONNEL/ AND SMALL STALE
/JENTREPRENEUR/S, ORGANIZATION OF EXTENSION SERVICES AND
/COMMON SERVICES/ FACILITIES, /EANAGEMENT/, PROCUREMENT OF
/RAW MATERIAL/S AND /EQUIPMENT/, ETC. /RESTRICTED/.

ENGL
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INDUSTRIAL DEVELOPMENT ABSTRACTS

003810

1972

420IRA(2-12)

LUTON CE

UNIDO

(R) FINAL REPORT. ORGANIZATION FOR SMALL SCALE INDUSTRIES
AND INDUSTRIZL ESTATES OF IRAN.

VIENNA, 1972. 10 P.

/UNIDO PUB/. /EXPERT REFORT/ ON /SMALL SCALE INDUSTRY/S AND
/INDUSTRIAL ESTATE/S OF /IRAN/ - (1) DESCRIBES WORK CARRIED
OUT WITH RESPECT TO /TRAINING PROGRAMMES/; /INDUSTRIAL
EXTENSION/ SERVICES, INCLUDING EXISTING LINITATIONS; MODEL
SCHEMES FOR AN /ALUMINIUM/ SAKD CAST /FOUNDRY/ AND WOOD
PATTERN SHOP, AND FOR PRODUCTION OF AUTOMOTIVE TYRE CHAINS,
SAFETY SEAT BELTS; FEASIBILITY AND /MARKET/ STUDIES FOR THE
DEVELOPMENT OF THE /AUTOMOBILES/ ANCILLARIES INDUSTRY (2)
LISTS VARIOUS TECHNICAL BULLETIN 1SSUED. /RESTRICTED/.

ENGL

INDUSTRIAL DEVELOPMENT ABSTRACTS

004239
1971

UNIDC 1DB, S5TH SESSION, VIENNA, 1971

SENEGAL

ROLS OF UNIDO IN CO-ORDINATION OF ACTIVITIES IN INDUSTRIAL
DEVELOPMENT: CO-ORDINATION AT THE COUNTRY LEVEL. ADDENDUM 2.
EVALUATION REPORT: SFNEGAL.

VIENNA, 1971. 48 P.

UNIDO-ID/B/83/ADD.2

/UNIDO IDB PUB/. /EVALUATION REPORT/ ON /TECHNICAL
ASSISTANCE/ TO /SENEGAL/, WITH REFERENCE TO THE /ROLE OF
UNIDO/ - CONTAIRS (1) /STATISTICS/ REGARDING /OPERATIONAL
PROJECT/S, BY /SOURCE OF FUNDS/; DETAILS OF ASSISTANCE
PROVIDED TO /SMALL SCALE INDUSTRY/S, TO THE NATIONAL
INDUSTRIAL STUDIES AND PROMOTION COMPANY (SONEPI) AND THE
'SOCIETE AFRICAINE DE FONDERIE D'ALUMINIUM' (/ALUMINIUM/
/FOUNDRY/S ) (2) /COMMUNIQUE/S, /RECOMKENDATIONS/ AND /LONG
TERM/ /COOPERATION/ PROGRAMME.

ENGL
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DELARUELLE J
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(R) RAPPORT FINAL. (ALUMINIUM FOUNDRY, MALI).
VIENNA, 1972. 12 P.

/URIDO PUB/. /EXPERT REPORT/ ON TECHNICAL ASSISTANCE
RENDERED IN SETTING UP A SMALL /ALUMINIUM/ /FOUNDRY/ 1IN
/MALI/ - (1) DEALS WITH INSTALLATION OF /EQUIPMENT/ AND
TECHNICAL ASPECTS OF ALUMINIUM /CASTING/ AND /MOULDING/ (2)
CONTAINS /RECOMMENDATIONS/ ON FOLLOW-UP ASSISTANCE IN
/TRAINING/ OF /COUNTERPART PERSONNEL/, IN /MANAGEMENT/ AND
/MARKETING/. /RESTRICTED/.

FREN

INDUSTRIAL DEVELOPMENT ABSTRACTS
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1973

220-MLI(2)

MALVAUX R

UNIDO

(R) KISSION AU MALI. RAPPORT FINAL. (ALUMINIUM, IRON AND
STEEL INDUSTRY).

VIENNA, 1973. 15 P.

/UNIDO PUB/. /EXPERT REPORT/ ON /ALUMINIUM/ AND /IRON AND
STEEL INDUSTRY/ IN /MAL1/ - (1) DESCRIBES PROGRESS OF A
SKALL ALUNINIUM /PILOT PLANT//FOUNDRY/ (2) ANALYSES
FEASiBILITY STUDIES WITH RESPECT TO SET.'NG UP AN IRON AND
STEEL INDUSTRY (ESPECIALLY /ROLLING/ MILL), AND AN /ALUMINA/
AND /ALUMINIUM INDUSTRY/ BASED ON VALUABLE /BAUXITE/
DEFOSITS (3) CONTAINS NOTE ON /HANDICRAFT PROMOTION/ FOR

/EXPORT ORIENTED INDUSTRY/. /RECOMMENDATIONS/. /RESTRICTED/.
FREN




RECORD NUMBER:
DOCUKENT DATE:
CALL NUMBER:
PERSONAL AUTHOR:
CORP. AUTHOR:
TITLE:

SOURCE:
DOC. NUMBER:
ABSTRACT:

LANGUAGES:

RECORD NUMBER:
DOCUMENT DATE:
CALL NUMBER:
PERSONAL AUTHOR:
CORP. AUTHOR:

TITLE:
SOURCE:

DOC. NUMBER:
ABSTRACT:

LANGUAGES:

- 258 -
INDUSTRIAL DEVELOPMENT ABSTRACTS

004870
1972

BERGEAUD F

UNIDO

(R) CREATION D'UNE FONDERIE DE DEUXIEME FUSION AU LAOS.

ETUDE D'AVANT-PROJET. (SEPT. 1971 - MAI 1972). -
VIENNA, 1973. 146 P. TABLES, DIAGRAMS, ILLUS.

UNIDO-UNIDO/TCD.213

/UNIDO PUB/. /EXPERT REPORT/ ON THE FEASIBILITY OF

ESTABLISHING A SMALL DEMONSTRATION /FOUNDRY/ TO PROVIDE *
/IROK/ /CASTING/S FOR /METALWORKING INDUSTRY/ IN /LAOS/ -

COVERS /DEMAND/ FOR CASTINGS; AVAILABILITY, IDENTIFICATION

AND COLLECTION OF LOCAL /METAL SCRAP/, WITH ATTENTION TO

/COSTS/; /ENERGY SOURCE/S, /SAND/, /CHARCOAL/, /MANPOWER/,
/FINANCING/; TECHNICAL AND /ECONOKIC ASPECTS/, AND

ASSESSMENT OF /PRODUCTION COSTS/; POTENTIAL FOR A /STEEL/

FOUNDRY, ETC. /RECOMMENDATIONS/, /STATISTICS/, /DIAGRAM/S,

ILLUS. /RESTRICTED/.

FREN

INDUSTRIAL DEVELOPMENT ABSTRACTS

005014
1973

KANUKULASURIYA B

UNIDO

INTERREGIONAL SYMPOSIUM ON THE IRON AND STEEL INDUSTRY, 3O,
BRASILIA, 1973

THE SRI LANKA IRON AND STEEL INDUSTRY.

VIENNA, 1973. 9 P. TABLES.

UNIDO-ID/WG.146/71

/UNIDO PUB/ ON THE /IRON AND STEEL INDUSTRY/ OF /SRI LANK.L/ -
COVERS (1) OPERATIONS OF THE 'CEYLON STEEL CORPORATION' (A
/PUBLIC ENTERPRISE/) WITH .>ESPECT TO /ROLLING/, /WIRE/
PRODUCTION, /STEEL//POUNDRY/, /MACHINE TOOLS/, /TRAINING/,
/RESEARCH AND DEVELOPMENT/, BTC. (2) OPERATIONS OF A SMALL
RE-ROLLING MILL IN COLOMBO (/PRODUCTION COOPERATIVE/).
/STATISTICS/.

ENGL




RECORD NUMBER:
DOCUMENT DATE:
CALL NUMBER:
PERSONAL AUTHOR:
CORP. AUTHOR:
TITLE:

SOURCE:
DOC. NUMBER:
ABSTRACT:

LANGUAGES:

RECORD NUMBER:
DOCUMENT DATE:
CALL NUMBER:
PERSONAL AUTHOR:
CORP. AUTHOR:

TITLE:
SOURCE ¢

DOC. NUMBER:
ABSTRACT:

LANGUAGES:

- 259 -
INDUSTRIAL DEVELOPMENT ABSTRACTS

005756
1974

Maneck, Arno

UNIDO

(R) CONSULTATIONS AT UNDP HEADQUARTERS, NEW YORK, CONCERNING
UNIDO'S PROGRAMME IK AFRICA, 28-31 MAY 1974.

VIENNA, 1974. 23 P.

UNIDO-UNIDO/TCD.317

/UNIDO PUB/ OK CONSULTATIONS WITH /UNDP/ CONCERKING
/JURIDO/*S PROGRAMME IN /AFRICA/ - COVERS TALKS OK (1)
PROJECTS IN VARIOUS COUNTRIES (/DEVELOPMENT CENTRE/S,
/WATCHMAKING/, /INDUSTRIAL PROMOTIOK/, /QUALITY CONTROL/,
/ENGINEERING/, /TEXTILE INDUSTRY/, /MAINTENANCE AKD REPAIR/,
/STANDARDIZATION/, /BRICKS/, /AGRO-INDUSTRY/,
/ALUMINIUK//FOUNDRY/, /SMALL SCALE INDUSTRY/, /CEMENT/,
/PYRETHRUK/, /NATURAL GAS/, /GYPSUM/, /PUBLIC SECTOR/
INDUSTRIES, /VEGETABLE OILS/, /TRACTORS/, /FRUIT/ AND
/VEGETABLES/ PROCESSING, /MINKING/, CAT-/FiSH/ PROCESSING,
ETC.) (2) ,REGIONAL/ PROJECTS. /RESTRICTED/.

ENGL

INDUSTRIAL DEVELOPMENT ABSTRACTS
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CHAKRABARTI NG

UNIDO

WORKING GROUP ON EXCHANGE AND EXPERIENCE IN THE FOUNDRY
INDUSTRY BETWEEN SELECTED DEVELOPING COUNTRIES IN ASIA AND
THE FAR EAST, INDIA, 1974

ESTABLISHMENT AND OPERATION OF SMALL CAST IRON FOUNDRIES:
INDIAN EXPERIENCE.

VIENNA, 1974. 127 P. TABLES, DIAGRAMS.

UNIDO-ID/WG.195/1

/UNIDO PUB/ ON SMALL /IRON//CASTING//FOUNDRY/S IK /INDIA/ -
(1) DISCUSSES PRESENT STATUS OF FOUNDRY ACTIVITIES IN TERMS
OF /PRODUCTION CAPACITY/, ASSISTANCE RENDERED BY THE
GOVERNMENT, /TRAINING/, /RESEARCH AND DEVELOPMENT/
FACILITIES, /STANDARDIZATION/, GROWTH IN /CONSUMER GOODS/
INDUSTRY, DEGREE OF /MECHANIZATION/ (2) COVERS BASIC FACTORS
IN THE CREATION OF POUNDRIES, FUTURE /REGIONAL COOPERATION/,
APPENDING /CASE STUDY/S ON ESTABLISHMENT OF SMALL FOUNDRIES.
/STATISTICS/, /RECOMMENDATIONS/.

ENGL




RECORD NUMBER:
DOCUMENT DATE:
CALL NUMBER:
CORP. AUTHOR:

TITLE:

SOURCE:
DOC. NUMBER:

ABSTRACT:

LANGUAGES:

RECORD NUMBER:
DOCUMENT DATE:
CALL NUMBER:
PERSONAL AUTHOR:
CORP. AUTHOR:
TITLE:

SOURCE:
DOC. NUMBER:
ABSTRACT:

LANGUAGES:

- 260 -

INDUSTRIAL DEVELOPMENT ABSTRACTS

006189
1974

UNIDO

WORKING GROUP ON EXCHANGE hLND EXPERIENCE IN THE FOUNDRY
INDUSTRY BETWEEN SELECTED DEVELOPING COUNTRIES IN ASIA AND
THE FAR EAST, INDIA, 1974

EXCHANGE OF EXPERIENCE IN THE FOUNDRY INDUSTRY BETWEEN
SELECTED DEVELOPING COUNTRIES IN SOUTH-EAST ASIA. REPORT OF
A WORKSHOP. CALCUTTA, JAMSHEDPUR, RANCHI, INDIA. .
VIENNA, 1974. 11 P.

UNIDO-1D/144

UNIDO-1D/WG.195/2

JUNIDO PUB/. /REPORT/ OF A /MEETING/ ON /FOUNDRY/
(/CASTING/) INDUSTRY IN /SOUTH EAST ASIA/ - (1) PRESENTS
CONCLUSIONS AND /RECOMMENDATIONS/ WITH RESPECT TO
IMPROVEMENT IN PRODUCTIG: OF CASTINGS, ESPECIALLY IN THE
SMALL-SCALE SECTOR (2) COVERS SIGNIFICANCE OF FOUNDRY
OPERATIONS, /REGIONAL/ REQUIREMENTS INK /KNOWHOW/,
/TRAINING/, /RESEARCH/ AND /TECHNICAL ASSISTANCE/.

ENGL

INDUSTRIAL DEVELOPMENT ABSTRACTS

007931
1978

NDAM SN

UNIDO

(R) REPORT ON MISSION UNDERTAKEN TO THE REPUBLIC OF kALI,
UNITED REPUBLIC OF CAMEROON, R.PUBLIC OF BURUNDI, UNITED
REPUBLIC OF TANZANIA AND REPUBLIC OF ZAMBIA.

VIENNA, 1978. 86 P. TABLES.

UNIDO-UN1DO/I0D. 165

JUNIDO PUB/. /M1ISSION REPORT/ REGARDING VISITS TO /MAL1/,
/CAMEROON/, /BURURD1/, /TANZANIA/ RAND /ZAMBIA/ - (1) COVERS:
/ROLE OF UNIDO/; PROBLEMS OF /INDUSTRIAL DEVELOPMENT/;
/TREND/S IN UNIDO ACTIVITIES; /TECHNICAL ASSISTANCE/ (2)
REVIEWS UNIDO PROGRAMMES, I1.A. REFERRING TO: /FOOD
INDUSTRY/, /FOUNDRY/, /AGRO-INDUSTRY/, /SOLAR ENERGY/,
/CHARCOAL/, /BRICKS/, /BAGAS3E/, /POLLUTION CONTROL/,
/TRAINING/, /INDUSTRIAL RESEARCH/, /APPROPRIATE TECHNOLOGY/,
/EXPORT PROMOTION/, /INVESTMEN PROMOTION/, /PROJECT
SELECTION/, /SMALL SCALE INDUSTRY/, AID TO /NAKIBIA/.
/RECOMMENDATIONS/. /STATISTICS/. /RESTRICTED/. .
ENGL
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008843
1978

DAS K

UNIDO

INTERNATIONAL FORUM ON APPROPRIATE INDUSTRIAL TECHNOLOGY,
NEW DELHI AND ANAND, INDIA, 1978

LIGHT ENGINEERING WORKSHOPS FOR RURAL AREAS.

VIENNA, 1978. 83 P. TABLES, DIASRAMS.

UNIDO-ID/WG.282/61

UNIDO-1ID/232/12

/UNIDO PUB/ ON LIGHT /ENGINEERING/ /WORKSHOP/S FOR /RURAL
AREA/S ~ COVERS (1) /DEFINITION/ OF SCOPE; /RURAL INDUSTRY/,
/LIGHT INDUSTRY/ (2) STRUCTURAL FEATURES OF /DEMRND/ AND
POSSIBILITIES (3) BROAD /IKDUSTRIAL PROMOTION/ POLICIES:
RURAL /INDUSTRIAL TSTATE/S, /INDUSTRIAL EXTENSION/,
/CREDIT/, /SUPPLY/, /MARKETING/, /COOPERATIVE/S, /TRARINING/
(4) 2 SKELETON DEMAND MATRIX BY SECTOR (/AGRICULTURE/,
/HANDICRAFT/, /TRANSPORT/, /CO#STRUCTION INDUSTRY/, ETC.)
(S) SKELETON PATTERNS OF WORKSHOPS AT (RA) CENTRAL VILLAGE
(B) RURAL MARKET TOWN. ADDITIONAL REFERENCES: /SMALL SCALE
INDUSTRY/, /FOUNDRY/, /FORGING/, /WOOD PRODUCTS/,
/MAINTENANCE AND REPAIR/, /APPROPRIATE TECHNOLOGY/.
/DIAGRAM/S. /STATISTICS/.

ENGL
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009026
1979

UNIDO

SOLIDARITY MEETING OF MINISTERS OF INDUSTRY FOR CO-OPERATION
IN THE INDUSTRIAL DEVELOPMENT OF HAITI, PORT-AU-PRINCE, 1979
PROJECT PROPOSALS. (HRITI).

VIENNA, 1979. 80 P. TABLES, DIAGRAN.

UNIDO-UNIDO/EX.90

/UNIDO PUB/ ON /INDUSTRIAL DEVELOPMENT/ IN /HAIT1/, WITH
PROPOSALS FOR /INDUSTRIAL PROJECT/S - COVERS (1) THE
/INDUSTRIAL SECTOR/ (2) /INTERNATIONAL COOPERATION/ AND
/TECHNICAL ASSISTANCE/ AGREEMENTS WITH OTHER DC'S (3)
PROJECT PROPOSALS UNDER THE HEADING OF /INFRASTRUCTURE/,
/TECHNOLOGY TRANSFER/ AND ADAPTATION, AND SECTORAL
/INVESTMENT/. ADDITIOKAL REFERENCES: /SMALL SCALE INDUSTRY/,
/FREE ZONE/, /STANDARDS/, /LABORATORY/, /PACKAGING/,
/INSTITUTIONAL FRAMEWORK/, /SOLAR ENERGY/, /BIOGAS/,
/CEMENT/ /TILES/, /FUEL/ /ALCOHOL/, /FIBREGLASS/. /RICE
BREN/, /STEEL/, /FOUNDRY/, /SHIPS/, /FURNITURE/, /MEAT
INDUSTRY/, /TEXTILES/, /CASSAVA/ /FLOUR/, /PHARMACEUTICALS/,
/SALT/, /FERTILIZER/, /PESTICIDES/, /MINERAL WATER/. /MAPS/.
ENGL FREN SPAN

INDUSTRIAL DEVELOPHENT ABSTRACTS

002333
197¢

SWAMY RAG AR

UNIDO

RAPPORT DE MISSION AUPRES DE LA REPUBLIQUE UNIE DU CAMEROUN.
DEVELOPPEMENT DES PETITES ET MOYENNES ENTREPRISES.

VIENNA, 1979. 6 P.

UNIDO-UNIDO/I0L.292/ADD.2

/UNIDO PUB/. /MISSION REPORT/ REGARDING ASSISTANCE TO
/CAMEROON/ 1N DEVELOPKENT OF /SMALL SCALE INDUSTRY/ - COVERS
PROPOSED /TECHNICAL ASSISTANCE/ TO THE "CENTRE NATIONAL
D'ASSISTANCE AUX PETITES ET MOYENNES ENTREPRISES"™ (CAPME) IN
/COOPERATION/ WITH THE "SERVICE ARTISAN RURAL" (SAR), WITH A
VIEW TO IMPROViING /INDUSTRIAL SERVICES/ AND WITH ATTENTION
TO PROJECTS (/ELECTRIC MOTORS/, /FOUNDRY/, /PWPER/ AND
/CARDBOARD/, /MOLASSES/~BASED /ALCOHOL/). ADDITIONAL
REFERENCES: /INDUSTRIAL INSTITUTIONS/, /INDUSTRIAL
PROMOTION/.

FREN
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009366
1979

MEYERS H

JENNIKGS RF

UNIDO

CHARCOAL IRONMAKING. A TECHNICAL AND ECONOMIC REVIEW OF
BRAZILIAN EXPERIENCE.

VIENNA, 1979. 289 P. TABLES, GRAPHS, DIAGRAFKS.
UNIDO-UNIDO/10D.226/REV.1

/JUNIDO PUB/. /EXFERT REPORT, ON USE OF /CHARCOAL/ IN /iRON/-
MAKING (BASED ON EXPERIENCE IN /BRAZIL/) - COVERS (1) UP-TO-
DATE PRACTICE IN HMANUFACTURE OF PIG IRON, FOR /FOUNDRY/S AND
/STEEL/-MAKING USING CHARCOAL AS /FUEL/ IN BLAST /FURNACE/S
(2) TECHNICAL AND /ECONOMIC ASPECTS/ OF VIABLE SMALL-SCALE
MANUFACTURE IN /DEVELOPING COUNTRIES/ HAVING ADEQUATE /WD2C/
SUPPLY AND SUITABLE , IRON ORE/. ADDITIONAL REFERENCES:
/FORESTRY/, /COKE/, /COSTS/, /CAPITAL INVESTMENT/,
/ENGINEERING DESIGN/, /IRON AND STEEL INDUSTRY/,
/CARBONIZATION/, /METALLURGY/, /FACTORY ORGANIZATION/.
/DIAGRAM/S, /STATISTICS/, /BIBLIOGRAPHY/.

ENGL

INDUSTRIAL DEVELOPMENT ABSTRACTS

009509
1973

HAJDU BJ

UNIDD

(R) STUDY ON THE DEVELOPMENT OF ZAMBIAK AGRICULTURAL
MACHINERY AND ON THE POSSIBILITIES OF CREATING A NEW
AGRYCULTURAL MACHINERY FACTORY.

VIENNA, 1973. 76 F. TABLES, DIAGRAN.

UNIDO-UNIDO/ITD. 1561

JUNIDO PUB/. /FINAL REPORT/ RESARLING /AGRICULTURAL
MACHINERY/ PRODUCTION IN /ZAMBIA/ - COVERS (1) PRESENT STATE
OF /AGRICULTURE/; CREATING AN AGR1CULTURAL MACHINERY
INDUSTRY; PROMOTION OF /AGRICULTURAL MECHANIZATION/ (2)
RELEVANT /ECOKOMIC ANALYS1S/ (3) PROPOSED DEVELOPMENT OF
/HAND TOOLS/, /AGRICULTURAL EQUIPMENT/ AND /MACHINERY/ (4)
/ECONOM1C ASPECTS/ OF PROPOSED /FACTORY/; /COSTS/ AND
/PRUFITABILITY/ CALCULATIONS (5) /FORGING/ /WGRKSHOP/, SMALL
/FOUNDRY/, /STEEL/ /CASTING/; /CHOICE OF TECHNOLOGY/,
TECHNICAL ACPECTS, REQUIRED /EQUIPMENT/. /STATISTICS/.
/RESTRICTED/.

ENGL

g T
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009602
1980

CHAKRABARTI NG

LNIDO

(R) ESTABLISHMENT OF A MULTI-PURPOSE MINIFOUNDRY CUM ROLLING
MILL AT THE DOCKYARD OF THE GAMBIA PORTS AUTHORITY, BANJUL.
S1/GAM/79/802

VIENNA, 1980. 8 P. TABLES, DIAGRAMS.

/JUNIDO PUB/. /FINAL REPORT/ ON THE FEASIBILITY OF SETTING UP
A SMALL /FOUNDRY/ WITH /METALS/ /ROLLING/ PLANT IN /GAMBIA/ -
COVERS (1) A PRGJECT TC MEET DEMAND FOR SHAPED /CASTING/S
AXD FOR BILLETS FOR SUBSEQUENT ROLLING INTO /STEEL/ BARS AND
RODS (2) /FACTORY LAYOUT/ AND /MACHINERY/ /SPECIFICATIONS/
(3) /SHMELTING/, /MOULDING/ AND COREKAKING:. FETTLING AND
/HEAT TREATMENT/; INGOTS AND ROLLED PRODUCTS; /TESTING/
/LABORATORY/; (4) /RAW MATERIAL/S: FERROUS /METAL SCRAP/ ANC
/NOKFERROUS METALS/, ETC. (5) /CHOICE OF TECHNOLOGY/,
/FURNACE/S, /FORGING/; /ELECTPIC POWER/ (6) /ECONOMIC
ASPECTS/, /COSTS/. ADDITIONAL REFERENCES: /IRON AND STEEL
INDUSTRY/. /RECOMKENDATIONS/, /PROJECT DOCUMENT/.
/RESTRICTED/.

ENGL

INDUSTRIAL DEVELOPMENT ABSTRACTS

009781
1979

MITRA AK

UNIDO

(R) COUNTRY REPORT. BASIC METAL AND ENGINEERING INDUSTRIES
DEVELOPMENT PROGRAMME. UGANDA. FIELD MISSION, DECEMBER 1976.
VIENNA, 1979. V, 101 P. TABLES, CHART.

co v w
cev e

JUNIDO PUB/. /KISSION REPORT/ ON DEVELOPMENT OF BASIC
/METALS/ AND /METALWORKTING INDUSTRY/ IN /UGANDA/ - COVERS
(1) XEETINGS AND /FACTORY/ VISITS; /INSTITUTIONAL FRAMEWORK/
(2) /ECONOMIC CONDITIONS/; RELEVANT /INDUSTRIAL
DEVELOPMENT/; /ENGINEERING/ AND ALLIED /METAL PRODUCTS/
INDUSTRIES; /SMALL SCALE INDUSTRY/, /IMPORT/S, /EMPLOYMENT/
(3) PRESENT STATUS, /DEVELOPMENT PLAN/; /IRON AND STEEL
INDUSTRY/, /FOUNDRY/; /TECHNOLOGY/ LEVEL; /IRON ORLC/ (4)
CONSTRAINTS; PROPOSED INTEGRATED DEVELOPMENT AND /INDUSTRIAL
PROJECT/S. ADDITIONAL REFERENCES: /FINANCING/, /TRAINING/,
/RANAGEMENT DEVELOPMENT/, /INFRASTRUCTURE/.
/RECOMMENDATIONS/, /STATISTICS/, CHART. /RESTRICTED/.

ENGL
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009802
1979

ARIZABAL AV

UNIDO

THE LIGHT ENGINEERING INDUSTRIES OF THE PHILIPPINES.

(iN °*APPROPRIATE INDUSTRIAL TECHNOLOGY FOR LIGHT INDUSTRIES
AND RURAL WORKSHOPS'. VIENNA, 1980. PP.102-112) TABLES.
UNIDO-1D/232/11

JUNIDO PUB/ ON /LIGHT INDUSTRY/ IN THE /PHILIPPINES/
(REFERENCE: /METALWORKING INDUSTRY/) - COVERS (1) BACKGROUND
AND STATUS OF /ENGINEERING/ INDUSTRY IK GENERAL; /MACHINERY
INDUSTRY/; STRUCTURE, /EMPLOYMENT/, /CAPITAL/, LOCAL
PRODUCTION, /SMALL SCALE INDUSTRY/, /SERVICE INDUSTRY/ (2)
LIGHT ENGINEERING: METAL PRESSING, /FORGING/, /ROLLING/,
/METAL CUTTING/, /MACHINING/ AND /CASTING/ (3) /INDUSTRIAL
ENTERPRISE/S, /WORKSHOP/S, /FOUNDRY/S (4) PROBLEMS C¥ THE
INDUSTRY. ANNEXES A RELEVANT /CLASSIFICATION OF INDUSTRIES/.
/STATISTICS/.

ENGL

INDUSTRIAL DEVELOPMENT ABSTRACTS

010570
1980

HOESNI BN

UNIDO

SEMINAR-WORKSHOP/STUDY TOULR IN THE DEVELOPMENT AND
APPLICATION OF TECHNOLOGY FOR MINI-HYDRO PCWER GENERATION
(MHG), 2ND, HANGZHOU AND MANILR, 1980.

MINI-HYDRO IN MALAYSIA.

Vienna, 1981. 5 p. table.

UNIDO~ID/WG.329/10

<UNIDO pub> on mini=< hydroelectric power> development in
<Malaysia> -~ rovers (1) present status of relevant
construction projects: large < development potential> (2)
process of <project in.\ementation> (3) (management> and
operation of stations %) tecrhnical and < economic aspects>
(5) local small < foundry> capacity for production of
<equipment>; <training programmes>. < Statistics>.

ENGL
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010815
1981

WIJENAIKE EM

UNIDO

(R) TERMINAL REPORT ON THE DEVELOPMENT OF SMALL-SCALE

INDUSTRY IN PAPUA NEW GUINEA. >
Vienna, 198l1. 44 p.

<UNXIDO pub>. <Final report> on assistance to <small scale
industry> in <Papua New Guinea> - covers (1) formulation ané
implementation of an integrated programme, particularly for
small <rural industry* (2) advising in < industrial
administration> and < industrial promotion> (3) promoting
<entrepreneurship> (4) <(social aspects>, ¢ eCONOmMiC aspec:ts?;
< industrial policy>, <training>, < infrastructure>,
<industrial estate>s, <(pilot project>s. < Recommendations>.
Additional references: <silk>, <salt>, <rubber> goods, < wood
products>, <leather>, <coconut fibres>, < foundry>,
<handicraft>s. <Restricted>.

ENGL

649

21.40

INDUSTRIAL DEVELOPMENT ABSTRACTS

010993
1381

BANESCU A

UNIDO

(R) PROJET DE FONDERIE A KIGALI, RWANDA, CAPACITE ANNUELLE

300 TONNES. RAPPORT DE MISSION.

RP/RWA/80/002

Vienna, 1981. B6 p. tables, graphs, diagrams, iilus.
UNIDO-UNIDO/10.474

<UNIDO pub>. <Expert report> on assistance in setting up a

small < foundry> and grey pig <iron> <casting> in <Rwanda> -

covers (1) <domestic market> for casting products (2)

availability of <metal scrap> <(raw material> (3) <capital

costs’> and < production costs> (4) <production capacity>,

<product mix> (5) < financial aspects>; < profitability>.

< Recommendations>, <statistics>, (maps>, illustrations. ’
Additional references: <training., < furnace>s, <smelting>.
<Restricted>.

FREN .
375

36.30




RECORD NUMBER:
DOCUMENT DATE:
CALL NUMEER:
PERSCNAL AUTHOR:
CORF. AUTHOR:
TITLE:

PROJ. NUMBEK:
SOURTE:

DOC. NUMBER:
ABSTRACT:

LANGUAGES:
COUNTRY CODE:
CLASSIFICATION:

RETORD NUMBER:
DOCUMEI'T DATE:
CALL NUMBER:
PERSONAL AUTHOR:
CORP. AUTHOR:
TITLE:

SOURCE:
DOC. NUMBER:
ABSTRACT:

LANGUAGES:
COUNTRY CODE:
411
CLASSIFICATION:

- 267 -
INDUSTRIAL DEVELOPHMENT ABSTRACTS

011777
1982

Wijenaike, E.N.

UNIDO

(R) REPORT ON A MISSION TO PAPUA KEW GUINEA ON THE PROMOTION
OF SMALL SCALE INDUSTRY.

DE/PNG/74/039

Vienna, 1982. 31 p.

<UNIDO pub>. <EXxpert report> regarding assistance to
<industrial promotion> in <Papua New Guinea> (reference:
(small scale industry>) - covers (1) present situation of
various <technical assistance>» projects involving <silk?> (
«weaving>), <salt>, <leather goods>, <ceramics>, < wood
products>, <coconut fibres>, ¢industrial estate>s, moulded
<rubber> goods, cane < furniture), <machining>, <(maintenance
and repair>, < foundry>, <handicraft>s (2) need for <UN>
volunteers for <training assistance>. < Recommendations>.
<Restricted».

ENGL

649

22.40

INDUSTRIAL DEVELOPMENT ABSTRACTS

011960
1982

Vijay, S.R.

UNIDO

(R) IDENTIFICATION OF PARTNER ENTERPRISES IN SWEDEN FOR
UNITS SELECTED FOR THE TRANSFER OF TECHNOLOGY PROGRAMME IN
KARNATAKA STATE AND A DETAILED PLAN OF OPERATION.

Vienna, 1982. 50 p.

I EEX]
erve

¢UNIDO pub> on a programme of <cooperation> for <technology
transfer> between < industrial enterprisers in < Sweden> and
<India>, with special reference to <metalworking industry> -
covers identification of partner enterprises ir. Sweden for
mainly <small scale industry>s in Karnataka State,
considering (1) < forging> units, <machine tools>, precision
products, < foundry>, < measuring instruments>, < electrical
equipment>, <wood products>, etc. (2) problems; supporting
services. < Restricted>.

ENGL

204

24.30
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012269
1982

Lindblad, Lars

UNIDO

(R) SURVEY OF TECHNOLOGY TT.ANSFER FROM INDIA TO SMALL-SCALE
INDUSTRIES IN NEPAL. TECHNOLOGY SELECTION VISIT OF SIX
NEPALESE ENTREPRENEURS.

AR/RAS/80/006

Vienna, 1982. 34 p.

UNIDO-UKIDO/IS/R.3

<UNIDO pub>. <Expert report> regarding potential <technology
transfer> from < India> to <(small scale industry>s in < Nepal>
- covers (1) situation of such industry in Nepal: <market>,
< infrastructure>, < financing>», <training>, technology usec
{2) visits cf the consultant; < indus:riai administration>
and < development centre>; < industrial services> (3) survey
of six <indnstrial erterprise>s, manufacturing i.a.
<bricks>, <rice> <rubber> rolls, <metal products>, small
<turbines>. Annexes an outline < project document>.

< Recommendations>. Additional references: <casting>,

< foundry>, <industrial estate>. <Restricted>.

ENGL

297

24.30
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012410
1983

UNIDO

UNIDG FOR INDUSTRIALIZATION: FOUNDRY INDUSTRY.

- ONUD! ET INDUSTRIALISATION: L'INDUSTRIE DE LA FONDERIE.

- ONUDI AL SERVICIC DE LA INDUSTRIALIZACION: LA INDUSTRIA DE
LA FUNDICION.

vienna, 1963. 15 p. illus.

UNIDO~-P1/87

UNIDO-P1/87/Corr.1

<UNIDO pub> on the <role of UNIDO> ir promotion of < foundry»>
industry in < developing countries> - (1) gives information
or < financing> for UNIDOC activities (2) covers (a) UNIDO
<technical assiszance>: small iobbing foundry: small
foundries for ¢ ieast deveiopes ccuntries>; foundry with
integrated <rolling> mill and < forging> shop; <TCDC> (b)
project proposals for UNIDO assistance (c) some possible
prcjects and their scope. Illustrations. Additional
references: <casting>, <training>, <choice of technclogy>,
«standardization>, <coke>, <coal>.

ENGL FREN SPAN

36.30
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INDUSTRIAL DEVELOPMENT ABSTRACTS

013142
1982

Thompson, William Miles

UNIDO

(R) INDUSTRIAL DEVELOPMENT CENTRE - OSHOGBO, NIGERIA. FINAL
REPORT.

DP/N1G/73/014

Vienna, 1982. 15 p.

cs s e
cene

<UNIDO pub>. <Finali report> on assistance to a < development
centre> in <Nigeria>, especially in promotion of <small
scale industry> - covers (1) setting up of <training
pProgrammes> to upgrade <(skills> of <entrepreneur>s and
government <counterpart personnel> in the fields of:
<marketing>, <maintenance and repair>, <product design»,

< productioii control>, <tools> manufacture, < factory layout»>,
<purchasing> (2) establishment of <credit policy>s; <work
organization>, need for <project evaluation>.

< Recommendations>. Additional references: < wood processing>,
< leather goods>, <textiles>, < foundry>, < engineering>,

< management development>, <electrical engineering».

¢« Restricted>.

ENGL
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21.40
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013377
1983

Harper, J.D.

UNIDO

(R) TURKEY. TRAINING PROGRAMME IN THE IDENTIFICATION AND
PREVENTION OF FERROUS CASTING DEFECTS. TERMINAL REPORT.
DP/TUR/77/024

Vienna, 1983. 45 p.

<UNIDO pub>. <Final report> on assistance to < foundry>s in
<Turkey>, with special reference to ferrous <casting> -
covers (1) <training programmes> for ¢ engineers> CORCerning
problems in cast <iron> castings, pattern design, <moulding>
machine operations, <sand> and <slag> intrusion, etc. (2)
visits to < factory>s and <small scale industryrs; assistance
in <standards> and <quality control>, <(maintenance and
repair>, <management>, < planning> methods, sancd < testing>,
<rav material> inspection, <(metallurgy>cal <specifications>.
< Recommendations>, < job description>, <list of
participants>. Additional reference: <ste2el>. (Restricted>.
ENGL

435

36.30
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INDUSTRIAL DEVELOPKCNT ABSTRACTS

013724
1984

Schulze, Nanfred J.

UNIDO

(R) TURKEY. EQUIPMENT SPECIFICATION FOR FOUNDRY LABORATORIES
AT ANKARA FOUNDRY DEVELOPMENT CENTRE AXD DETERMINATION OF
ASSISTANCE TO BE PROVIDED THROUGH THE CENTRE. TECHNICAL
REPORT.

DF/TUR/80/010

Vienna, 1984. 39 p. tables.

s e e
oo s

<UNIDO pub>. <EXpert report> on assistance to a < foundry>
< laboratory> in <Turkey> - covers (1) <small scale industry>
structure of the foundries, their ¢ production capacity> and

. <product mix>; <egquipment> in use (2) <industrial ex:tension>

and services to be provided by the Ankara Foundry

< Development Centre> and its <research- and <training
centre>; <technical personnel> requirements; equipment
<specifications> angd <prices>; <testing> facilities and
<instruments> in laboratory. < Recommendations>, tables.
<Restricted>.

ENGL

435

36.3¢C
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INDUSTRIAL DEVELOPMENT ABSTRACTS

013844
1984

Mitlaender, W.

UNIDO

(R) TURKEY. SURVEY ON THE ACTIVITIES OF KUSGET AND
RECOMMENDATIONS FOR THE IMPROVEMENT OF THE WORKSHOP AND THE
EXTENSION SERVICE SECTION.

DP/TUR/80/010

Vienna, 1984. 64 p. tables, graphs.

<UNIDO pub>. <Expert report> on < industrial extension>
services to <small scale industry> in < Turkey> - covers (1)
proposals for improvement of a <workshop> serving
<metalworking industry> in an < industrial estate>; its
structure and the condition of <equipmrent> irn < laboratory’s,
mechanical < foundry> and < heat treatment> sections (2)
<staff>; consultations fees (3) technical <common services»>
provided to small scale <entrepreneur>s for desigr and
manufacture of <tools> and <spare parts>; heed for
<training> of <technical personnel>. Lists <machinery> or
hand. <Recommendations>, <statistics>. (Restricted>.

ENGL

435

21.4¢C

INDUSTRIAL DEVELOPMENT ABSTRACTS

014207
1984

Bishop, L.R.

UNIDO

(R) INDONESIA. ASSISTANCE TC THE DEVELOPMENT OF SMALL-SCALE
INDUSTKIES. FINAL REPORT.

DP/INS/78/078

Vienna, 1984. 17 p. tables.

I XN
scece

<UNIDO pub>. <Final report> on assistance to <small sca.e
industry> in < Indcnesia> - covers (1) project objectives (2)
small ¢ industrial estate>s; <common services> (3)

< foundry>s; < industrial extension»>, <training>;

< subcontracting>; <product mix>. Additional references:
<entrepreneurship>, <workshop>. <Restricted>.
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INDUSTRIAL DEVELOPHENT ABRSTRACTS

014446
1984

Hakka, Mikko J.

UNIDO

(R) NIGERIA. INKDUSTRIAL DEVELOPMENT CENTRE OSHOGBO. TERMINAL
REPORT.

DP/NIR/73/014

Vienna, 1984. 79 p. tables, diagrams.

<UNIDO pub>. ¢Final report> on assistance to an industrial
< dsvelopment centre> serving < small scale industry> in
<Nigeria> - covers (1) organization of <seminar>s, ¢training
programmes>, < fellowships>; < in-plant training> for small
scale < entrepreneur>s; <industrial extension> regarding
<maintenance and repair>, manufacture of <spare parts> and
<prototype’>s; < engineering design>; <(workshop>s; <credit
policy’s (2} <raw material’s, <energy>, - manpower>; the
<development potential> of < foundry>s (3) the use of
<charcoal> for melting cast <iron> (4) the role of
technoloqgy in African < industriaiization>.

< Recommendations>, < diagram>s. (Restricted>.
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INDUSTRIAL DEVELOPMENT ABSTRACTS

014449
1984

Wanjun, Wang

Hongshu, Liu

UNIDO

EXPERT GROUP MEETING ON THE DEVELOPMENT OF MULTI-PURPOSE
AGRICULTURAL MACHINERY PLANTS, GUANGZHOU, CHINA, 1984.
DESIGN AND STUDY OF MULTIPURPOSE AGRICULTURAL MACHINERY
PLANTS.

- ETUDE ET CONCEPTION D'USINES POLYVALENTES DE MACHINES
AGRICOLES.

Vienna, 1985. 4C p. tables, diagrams, illus.
URIDO-1D."WG.449/2

<UNIDO pub>. <Expert report> on design of multipurpose
<agricultural machinery> plants (based on experience ir
<China ) - covers (1) organization of medium and < small
scale industry>s for the production of <hand tools>, <animal
Fower> and < tractors>~-arawn <agricultural equipment>,
<pumps>, mills (2) < factory layout> and < factory
orgznization> with reference to < foundry>, < forging>, <heat
treatment>, <(welding>, <machiaing>, <casting>, <assembling>,
<(maintenance and repair>; <(metrology>; < management>; <choice
of technology>; <capital costs>. < Recommendations>,
<diagram>s, illustrations.
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- 276 -
INDUSTRIAL DEVELOPMENT ABSTRACTS

015526
1986

Graf, Karoly

UNIDO

(R) BURUM’DI. ETUDE SUR LA RECHERTHE DES POSSIBILITES DE
RECONVERSION D'UNE USINE DE FABRICATION DE MATERIEL
AGRICOLE. RAPPORT TECHNIQUE.

DP/BD1/81/008

vienna, 1986. 32 p. diagrams.

eseow
sese

<UNIDO pub>. <Expert report> on assistance in re-
rstablishment of a <workshop> for production of <hind tools>
in <Burundi> - covers (1) existing an@ recquired < equipment>
(2) ¢utilities>, overhead and < production costs> (3) <choice
of product>s for a <metalworking industry> (mainly
cagricultural equipment>); < technicians> and <¢skilled
workers> required (4) possibility of setting up a small

< foundry> in support of workshop activities.

< Recomzendations>, < factory layont>. Additional references:
cast <iron>, <spare parts>. <Restricted>.
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INDUSTRIAL DEVELOPMENT ABSTRACTS

015618
1986

Bal, Ergun

Bertsch, Heinz

e Groot, Adrie

UNIDO

(R) TURKEY. EXTENSION SERVICES FOR SKALL INDUSTRY. REPORT OF
THE EVALUATION MISSION.

DP/TUR/80/010

vienna, 1986. 47 p. diagram.

UNIDO-DP/ID/SER.C/?

<UNIDO pub>. <NMission report> on evaluation of a project
promoting < industrial extension> services to < small scale
industry> in < Turkey> - covers (1) objectives of the
project; <social aspects>, < eCOnomic aspects>, the
<institutional framework>; project design (2) delivery of
inputs; impiementation of activities (3) project resulis:
activities of the Gaziantep <regional development> centre,
the Ankara < foundry> < development centre>, and of other
<consulting> centres. < Recommendations>, < diagram>.
Additional references: < indvstrial services», <quality
control>, ¢skills>, <(managenent develiopment>. ¢(Restricted>.
ENGL

435

14.70




PR User 006762 11sep87 PO6S: PR 20/%/1-14
'NTS OIALOG (VERSION 2) _ -

OIALOG File J32: Metadex 08-37/Sep (Copr. 1887 ASH Intarnational)

1543368 87-511547
Ouniibel! Ingst for Staulation of V-Shaped Stresks on a Smal)

Sesle. .
Teans. lron Stee) Inat. Jpn., 25, (11), 1187 Nov, 1983
ISSN: 00211582
Journal Announcemssnt: 8709
Document Type: ARTICLE

Language: ENGLISH
for studies on formation of segregation streaks, small scale

experiments sisulating the solidification procass taking place
in large 1ingots and continucus casting strands were made.
However, it was difficult to give the solidif, ing conditions
from which segregat ion streaks were formed (n a small ingot. A
cumbbell 1ngot with & necked zone in the middle was found to
D8 suitable for the object to have V-shaped streaks quite
easily. --AA

Descriptors: Ingot casting: Continuous casting: Segregations
: Solldification; Ingot molds, Design: Stimulation

Section Headings: 31 . (FOUNDRY)

1541813 @7-3511381
2 et of Mould Coatings on the Surface Dafects in lIngots.
waga, T ; Honda, M
Tetsu-to-Magane (V. lron Stae) Inst. Jpn.) 73, (6), 684-690
Apr. 1987 1SSN: 0021-1378%
Journal Amnounceaent: 8708
Document Type: ARTICLE

Languaga: JAPANESE
This work was carrisd out to obtain data on the function of

sould coatings wmost necessary to reduce surface defects In
ingots. Thermobalance and differential therma) analysis and
saall scale casting experiments were carried out 30 that
splash Coxes anc® splash |ike scabs could be related to the
the? aal decomposition temperature of mould coatings. It
cocluded that water soluble restin coatings cause a 80 called
rolling roaction of hot metal at the first stage of pouring
and promote & SMOOth hot metal rise in the moulds and ingot
surfaces aprear to be the best. Coal tar and graphite of low
and high therasl cecowmpos!tion temperature are the causes of
asny surface gefecta in i1ngots. 14 ref.--AA

Descr iptors: Carbon steels, Casting:; Castings, Quality
control; JSurface finish; Surface defects: Wolds, Coating:
Differential thermal! analysiae; Coal tar, Coatings; Graphite,
Coatings

Section Headings: 31 . (FOUNDRY)

930221 87-810799
Study cf Slab Bulging n Continuous Caster.
Lamant, J ¥ ; Larrecqg. 8 ; Bicat, v P
Continuous Casting ‘83, London, UK, 22-24 May 19883
Publ: The Institute of Metals, 1 Carlton House Terrace,

Loncion SWiv SD3, UK, 1989

37.14-327.8
Journal Announcesent: 8708
Oocusent Typas: 800K . s )
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Section Headings: 48 .(NONFERROUS ALLOY PRODUCTION)
992313 86-31163¢8

Soler Purraces for Smsll Scale Alumintium Nelting.

Seshan, S

International Conference on Alumintum-83 (INCAL), New Drini,
tndta, 30 Oct.-2 Nov. 19893

Publ: Indtan Instt.ute Of mvals, Chatterjee International
Centre, A-t1 Flat. 15th Floor, J3A, Chowringhee Rd., Calcutta,
700 O, India, 1983

126-439

Jourmal announcement: 8611

Socument Type: B80OUK

Language: ENGLISH

Exparimental trials on (1) drying/baking of foundry sands,
(11) haat treatment of stesls and (11t) melting and casting of
Al and its alloys have been accompliGhed catisfactorily using
the prototype solar furnacs. A maximum temperature of 1190 deg
C has been recorded on a sunny dav. This and *he melting of Al
alloys are positive achievements of this investigation. The
cast‘ngs procduced using the solar melted metals exhibit
freedon from cefects and possenrs better mechanical properties
compared t0 the conventionally melter metals., A cost benef i
analysts has been made for the me'ting operation and it has
besen found that otar melting raculcs in approx 14% savings (n
coat/hg of Al melited. Thia type of furnace could be a very
wedful and economical tool for certain wetallurgica)
operstions, and has tremendous potentials in tropical, urban
and rural areas of [ndia for small scale wmetaliurgics!
incdustries. 2\ ref.--AA

Descriptors: Aluminum, Melting: Energy conservation: Solar
furnaces

Section: Headings: S1 . (FOUNDRY)

909008 86-311438

Constderation of Pattern Costs (n the Design of Castings.

Enrlenspilel, X ; Pickel, H

Sctwetiz. Maschinenmarkt 88, (19), 73-78 ‘4 May 1928

Journal Announceasent: 8610

OCocumant Type: ARTICLE

Language: GERMAN

Costa connacted with making the wood patterns may constitute
a constideradble part of the overall costs of castings,
especlally in the case of single units or small scale
prodiction runs. In these casss cost effective designs of the
patterns ar) essential. A number of examples of different wood
pattern dasigns and tooling are presented. Both good and bad
acaigns are shown diajrammatically. The designs are
categorized according to thelir stze and shape complextty, and
a relattionanip to cost t1s established. 13 ref.--C.G.G.

Oescriptors: Pattern making: Sand casting

Section Headings: 51 . (FOUNDRY)
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975540 086-510974

Refining of Equiaxed Crystals and Change {n Substructure by
Stirring at Carly Stage of Solidification.

Morikawa, H ; Yamauchi, T ; Masegawa, M

Nisshin Steel! Tech. Rep. (33), 10- 16 Dec. 198% [SSN:
0387-2427

Journal Announcement: 8608

Document Type: ARTICLE

Language: JAPANESE

The effect of stirring modes on the refining of equiaxed
crystals was studied, simulating in-mold stirring by using a
amall-scale linear motor-type stirrer., In addition, the
relation bDetween size of equiaxed crystals and morphology of
substructures was Investigatad. The resuits obtained are
summarized as follows: (1) WwWith & constant frequency and
electric current, stirring modes affected the fiow velocity of
moliten stee!, V sub Fe , estimated from the deflection of
dendrites. (2) The ratio of equiaxed zone and the size of
equiaxed crystals were closely related to V sub Ffe . (3) The
morphology of substructures was changed from large branched
columnar dendrites to globular crystals mixed with fine
dendrites, at a V sub Fe of about 3% cm/s, 8 ref,--AA

Descriptors: Stainless ateels, Casting: Solidification;
Elestromagnetic stirring: Structures (crystalline); Equiaxed
structure

Alloy Index(ldentifier): 3108, SSA/ Fe-0.85C-13Cr, SS

Section Headings: 81 ,(FUUNDRY)

972041 88-510699

New Sotutions for Efticient Procuction of
Rotation-Symmetrical Parts From ferrous Materials in Unit- and
Small-Scale Production,

Ambos, E ; Lichtenberg, H ; Geszler, W ; Beler, H M

Fertigungstech. Betr, 35, (8), 458-460 1988 ISSN: 0015-024X

Journal Announcement: 8603

Oocument Type: ARTICLE

Language: GERMAN

It ] shown that smatll-scale production of
rotation-symmetrical parts can be efficient by using cast
parts., A comparative table of material and energy costs for 1
ton production of steel and cast (ron parts, respectively,
shows that the total cost of the latter was 5728 DM against
9203 OM for the former. Steps in the planning of components
aroduction are explained with the help of a heirarchical
chart. Use of CAD/CAM (s an essential part of the modern
rational proguction, Use of flexible mode! assemb)ies for
casting the fina)l product s discussed with 1llustrations, 7
ref.--R.N,

Qescriptors: Cast tron, Castings; Steels, Forgings;
Economics; Computer alded design

Section Headings: St , (FOUNORY)
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982238t 8€-310220
Gvaluation ef Centrifugueslly Cast T{AISFe2.8 Alloy for
leplent Material.
Zuicker, U | Sremes, J
[itanium--Sclience and Technology. Vol. 1V, Munich, FRG, 10-14
Sept. 1904
Publ: Oeutsche Gesellachaft fur Metallkunde, Adenauerallee
21, 0-6370 Oberursel 1, FRG, 1988
171-178
Journal Anncuncemsent: 8602
Oocument Type: 800K
Language: ENGLISH
An installation for the centrifugal casting of stema of hip
prosiheses of the alloy TiAI19Fe2.3 was constructed and used
for small scale asliting and Casting under an argon atmosphere.
Two stems sach of about 230 g can be cast simultaneocusly.
Since the w=mechanical propertises of the cast stems compared
with a forged stem vere diminished by pores of included gas
and/or shrinkage cavities an attempt was made to improve the
properties by hot tsostatic pressing (3 h 950 deg C/1000 bar)
angd Dy remnaliting the lateral side of the stem by tungsten
tert gas welding. In tha hippad sten the saximum bending
stress Of the as Cast stem could be tmpruved from 580 to 600
N/am exp 2 compared with 220 N/mm exp 2 of the > 89X hot
forged stea under service conditions, A hot deformation of 29%
of cast rods (14 am 0). In the { alpha + deta )-temperature
region at 800 deg C after casting and annealing for 3 minutes
1000 deg C/H sub 2 0 tmproved the rotating fatigue strength of
cast rods 0 97X of the values of the fatigus strength which
was ODtained with > 99X hot worked material. Therefore it (s
recommended to produce the final shape of centrifugally cast
stems of hip prosthesis by & deformation process of about 25%
at 500 deg C. 3 ref.--AA
Deacr iptors: surgical inzlants; Titanium bDase alloys,
Casting: Centr:ifugal castings, Mechanical properties; Bend
strangth, Deformation effects; Fatigue streangth; Hot isostatic
pressing: Mot forging
Alloy lngex{laentifier): TiA1SFe2.8, TI
sSection Headings: S\ .(FOUNDRY)

202104 88-3102%)

A Continuous Caster for Resesrch.

Trans. lron Steel Inet. Jpn. 2%, (8), 442 May 1909
JSSN: 0021-1380

Journal Announcement: 8802

Document Typa: ARTICLE

Lenguage: ENGLISH
A small scale experimental continuouas caiter has been

evolivad t0 study the effect of casting psramatars on the
friction force generated in the mould, an important factor in
e qQuest for Increases 1{n casting Speeds. The caster
comprissd & vertical withdraws! unit and a sinusoidal mould
oscillation device. The vertical mould was mounted on to load
cellis attached to the wmould oscillation table s0 that the
triction force Detween wmould wall and strand during casting
conlo e measured. The friction force was determinad from the

PAGE . 6
Item 8 of 34

apparent mould weight by substracting the mould tnertia farce,
The friction force decreased by about 50% with the atd of
mould powder. Friction force during negative stripping period
appeared at the range of negative strip time ratio more than
S0%. The powder consumption rate decreased with INncraase iIn
oscillation cycle.--S.M.F,

Descriptorn: Continuous casting machines; Research; Friction
: Molds

Section Headings: S1 . (FOUNORY)

962113 86-510182

Induction furnaces for Aluminum Alloys {in

Melting

. Smali-Scale Procuction Shops.

Bogin, V § ; Zhudinov, M I ; Tiyutochkin, V V ; Nizov, N N
Liteinoe Protzvod. (B), 29-31 1988 [SSN: 0024-449X
Journal Announcement: 8602
Document Yype: ARTICLE
Languagt: RUSSIAN
The corditions of small-scale production glace certain

dgemands (n the operation of melting furnaces, such as fast

startups, easy transitions from one alloy to another, and high

melting rates., Two high-frequency Induction furnaces with a

crucible capacity of 400 and 2500 kg, respectively, specially

degsigned for small-scale prodguction, are described. It (s

ahown that the wuse of high rather than commercial current

frequencios (1200-3400 Hx) makes (t possible to Increase the
power of the furnace by & factor of at least two (and
therefore recduca the melting time) while retaining optimum
mixing intensity, 8 ref.--V.L,

Descriptors: AYuminum base alloys, Melting: Induction
melting; Migh frequency iInduction furnaces, Design; Furnace

\irners, Materials selection; Refractories, Materials selection
Section Headinga: 31 . (FOUNDRY)

999020 96-510070

Technological 1Innovation (n s Lost Wax Casting Smal)l Scale
Industrial Unit,

Jishra, ¥

Indian Foundry J. 31, (8), 19-22 June 1988 ISSN: 0379-8448

Journal Announcement: 8601

Oocument Type: ARTICLE

Language: ENGLISH

A modernisation programme {s described, conducted In a small
scale inadustrial unit, making investment mould castings of
traditional brasa and bel) metal castings. The programms
included develcocpment of a wax blend whicnh can be finished by
machining, replacing the mud-cover-mould by coats of
fnvestment slurry, deaveloping a new feeder hesd and & new
scheme of finishing the products, The programme was
successful. This not only improved the quality of reprocuction
but also the aurface finish. The rejection percentage also
came down from around 30% to 10%. --AA

Oesacriptors: Brasses, Casting: Investment casting: Plants;

(cont, next page)
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Modernization: Quality; Surface finish; Feeders, Design
Section Headings: 31 . (FOUNORY)

955957 035-%11836

Stucty on the Straightening Process of the Strand In
Contivuous Casting Plant. I1.--Straightening Test by Small
Scale Model Machina With Aluminium Strand. (Synopsis).

Toude, X : Yoshii, A ; Kihara, S ; Xobayashi, T ; Mighima, 7

Trans. lron Stee! Inst. Jpn., 24, (9), ©6-298 Sept. 1984
15SN: 0021 - 1382

Journal Announcement: 83512

Oocument Type: ARTICLE

Language: ENGLISH

A wmoge)l continuous casting wmachine was developed, with a
casting radius of 1500 mm, a roll pitch of 60 am, a casting
speed of $3.5-332 mm/ain, and from 1 to 6 straightening
points. Al strands of thickneass 33 mm and width 15 mm were
straightensd on the machine while the roll reaction forces and
strand surface strains were determined. Reaction forces
downstream of the last straightening point were found to be
very high when etither the leading or tratling snd of the
wtrand was passing through, regucing to values of
appruximately 20-30% of this when the bulk of the strand was
being straightened. Optimum distance between straightening
points to achieve unifora strains was 2-3 roltl pitches, with
surface strain values of <. 0.4% per straightening
point.--T.¥.

Descrintors: Cont tnuous casting machines, Design;
Stratghtening; Continuous casting; Strain

Sect:on Headings: 51 .(FOUNDRY)

9535956 8%-5116238

Study on the Straightening Pfrocess of the 3itrand in
Continuous Casting Plant, 1.--8ending Theories of Haot Strand
and an Analysis of Straightening Process in Continuous Casting
Plant. (Symapatis).

voshit, A ; Kthara, §S ; Teunw, K ; Kobayashi, T ; Mishima, T

Trans. lron Stee)l Inat. Jypn., 24, (9), B-297 Sept. 1984
1SSN: 0021- 1583

Journal Announcement: 83512

Document Tyoe: ARVICLE

Laguage: EMGLISH

A aathematical wmodel of strand bending was developed and
used to calculate roll reaction forces auring
continuously-caat beam straightening. Good agresment was
obtained between the model and the resulits of axperimenta)l
studies on a saall-scale mode! caster and observations on a
service plant.--T.¥W.

Descriptors: Mathematical acdels; Continuous casting:;
Sending: Rolls; Stratn; Straightening

section Meadings: 31 . (FOUNDRY)
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952182 085-311420

A Comd { ned Eulerian--Lagrangian Three-Dimens tonal
finite-Elemant Analysis of Edge-Rolling.

Huiaman, H J ; Huetink, J

J. Mech. Work, Technol., 1, (3), 333-383 July 19885
ISSN: 0378-23804

Journal Announcement: 8511

Document Type: ARTICLE

Language: ENGLISH
Af ter edge-rolling (heavy width-reduction), the

cross-section of a continuously-cast stes)! slab may Dbe
non-rectangular, whereas what is desired (s that it should be
exactly rectangular. The deformed shape rasults {n an
increased number of heavy width- and thickness-reductions
having to be iImposed on the slab. Since edge-rolling Is
clearly a three-dimensional forming process, use of
plane-stratn analysts would be insuffictent: a
three-dimens ional finite-element formuiation, based on
elastic--plastic material behaviour, has therefore been
developed, This three-dimens lonal formulation has been
incorporated (nto the existing special purpose FEM programme
DIEKA, developed at Twente University of Technology. The
former two-dimensiona) programme OIEKA has already Obeen
successfully applied to plane-strain processes such as the
cold rolling of strip-material, and axi-symmetric processes
such as wire drawing. Using the extanded three-dimensional
pyogramme, calculations have been made to investigate the
influence of roller-radii on the resulting cross-section of
the slab after a width reduction. Experiments for verification
and small-scale simulation of the real production process have
been carried out using plasticine as a mode! material. 17
ref, -~-AA

Descriptors: Steels, Casting: Continuous casting; Continuous
cast shapes, Rolling;: Fintsh rolling; Hot rolliing; Plastic
flow: Mathematical models

Section Headings: %1 . (FOUNORY)

929813 85-510836
The Integrated MWelting and Horizontal Casting of a Boron

Stee) .
Heard, R A ; Mountford, N D G ; McLean, A ; Haissig, M
lron Steeimaker 12, (1), 10-16 Jan., 1988 ISSN: 0097-8388
Journal Announcement: 83508
Document Typae: ARTICLE

Language: ENGLISH

A 8--0.%%M0 allov stee! was Inductively melited and
norizontally cast 1tn a wmall-scele f{(noustrial factility,
Particular amphasis was given to the advantages of an
integrated system, The influence of melting conditions on
chemica) composition and physical properties has bDeen
demonstrated. Factors i(nvestigated include furnace atmosphere,
refractories, fluid flow, and temp. In addition, the effects
of stroke rate, stroke length, pushback, ferrostatic pressure,
and superheat on surface quality have been documented, 8

(cont. next page)
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Descriptors: Boron steelsn, Casting: Continuous casting;

Induction selting: Jeoxidizing; Casting dafects
Section Headings: 5t . (FOUNDRY)

919835 85-510229
Stablliity of Molten Metal Free Surface in the Presence of an

Alternating Magnetic Fileld.

Garn:er, M ; Moreau, R

Metattlurgical Appl ications of Magnetohydrodynamics,
Cambridge, Engiand, 6-'2 Sept. 1982

PuUbl: The WMetals Soctety, t Carlton House Terrace, London
SWiy SDA, England, 1904

214-216

Journal Announcemsnt: 8502

Document Type: B0O0K

Language: ENGLISH

In many electromagentic devices the equtilibrium shape of the
free surface of a molten metal ts magnetically contraolled, In
this papger the stability requirements are discussed, Two kinds
of disturbances are distinguished: those with a lungth scale
of the same order as the size of the inductor or the gap
between the Inductor and the molten metal, and those with a
small length scale for which the external magnatic field may
e consicdered as uniforam. It (s shown that an AC magnetic
frala nay stabtlize a free surface against gravity
(levitation) f the surface is flat enough; if the siope of
the free surface (s too ateep, (t necessarily evolves towards
another shape (constricted jet) easily stabiitzed, On the
small scale an AC magnetic field tends to stabllize the
geforaations of tha surface, but (t can excite some interna)
siirring undernsath the free surface. 14 raf. --AA

Oescriptors: Liquia metals; Shaping; Levitation;
Magnetohydrodynamics

Section Headings: S1 . (FOUNDRY)

919829 835-510233
A Now ' to Electromagnetic Stirring During Continuous

Casting of Stesl. (Abstract Oniy).

Norrtas, T S ; Armstrung, G R

Metallurgical Applications of Magnetohydrodynamics,
- - - Cenbriage, England, 6-10 Sept. 1982

Publ: The Metals Society, t Carlton House Terrace, London

SWi1Y 808, England, 1984
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Journal Announcement: 8302

Oocument Type: 800K

Languapge: ENGLISH
During continuous casting of stee!, (mprovemsnt In product

quality can be obtatned Dby electromagnetic stirring of the
melt either in or berwath the casting mould. It 1s generally
accepted that there are metalliurgical advantages for stirring
in the =ould dbut the commercial equipment avatlable for
achieving this requires a spectia) mould assembly and a low
frequency electrical supply. Tl Rasoearch |ahoratories has
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891113 82-3%80%42

Hot Oip Galvanizing as a Finish for Cast Irons--Problems and
Aemadies.

Pugazhenthy, L

AVl India Seminar on Small Scale Metallurgtical Ingustries in
India--Scope for Development tn Techniques and Processes, New
Delnht, Ingtia, 10-11 Sept. 1981

Pudl : Indian Institute of Metals, 2, Sambhunath Pandit St.,
Calcutta, India, 1982

Pp 8

Journal Announceaent: 8308

Oocument Type: B0OOK

Language: ENGLISH
The causes for corrosion and the magnitude of corrosion

tosses tn India, U.S. and U.K. are indicated. Universally,
galvanizing 1s the most popularly adopted method for combating
corrostion of 1ron and steel products. The main types of
galvanizing processes and the relative merits and demerits are
noted. Galvanizing ©0¢ cast (rons poses special difficulties
because oOf the aaghering foundry sand. The common methods for
overcoaing these difficulties are pickling with hydrofiuoric
acid, shot DbDlasting and pickliing with a funed alkall; these
aethods are discussed {n detail. The aconomic considerations,
wvwen viewed with a smsall-scale galvanizer, arising out of
1hese spectal pretreatment asthods. are analyzrd. --AA

Oesscriptors: Cast {ron, Coating:; Hot dip galvanizing:
Surface pretreatasnts;: Corrosion, Coating effects

Section Headings: 38 .(METALLIC COATING)

850373 83-310%81

Wwiting ww Mol of Stainless Steel! With Particular
Aalerenpt to Small-Spale Sestor.

varshneysa., X K

All Indta Semtnar on Small Scale Metallurgical Industries in

lnata~--Scope for Development itn Techniques and Processes, New
Oeint, Inadta, 10-11 Sept. 1981

Publ: Indian Institute of Metala, 2, Sambhunath Pandit St.,
Calcutta, Indta, 1981

Pp 19

Language: ENGLISH
The development n Indila of small-scale units for the

aamstacture of statnless steel! (sheets, rounds, slabs and
1ngots) s reviewed. To fimprove quality 1in  these units
informsation on the technical problems of melting and rolling
AlS! 304 stainless steel are given. The metallurgy includes:
stabilization, melting equipment, including refractory lining
asterials, meliting techniques and teeming practice; the
solidification process Incliuding top-pouring, bottom pouring,
selection of pouring method and Ingot moids: the rolling
Processes Including preparation of material, reheating, hot
rolling. cold rolling. defects in cold rollirng, annealing ond
Prchitng. --8.G. 3.

ODescriptors: Austenitic stainless steels, Melting: Ingots,
Rotling: Billets, Rolling: Hot rolling: Cald rolling

PAGE : 9
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Alloy londex(ldentifier): 304, $SA
Section Headings: 51 .(FOUNDRY)

850372 83-510%60

Industry Oriented Research and Development Work In Aluminum
Technology at NML.

Kumar, R ; Savens, B K ; Lal, K

All India Seminar on Small Scale Metallurgical Industries in
Indtla--Scope for Development (n Techniques and Processes, New
Oelint, India, 10-1( Sept, 1981

PUubl: 1Indian Institute of Metals, 2, Sambhunath Pandit St.,
Calcutta, India, 1981

Pp 17

Journal Announcement: 6308

Oocument Type: 800K

Language: ENGLISH

Some results of Iindustry-related research and development
work carried out at India’s Nationa) Meta)iurgical Laboratory
are described. Included are: a process zapablv of reducing the
rejaction rate In the country’s smalli-scale A} utensi)
tndustry from 30-38% to 5-7%; a ceramic "reactive filter® for
removing hydrogen or submicroscopic dross and oxide particles
from Al alloys: davelopment of 3% Mg filler wires/rods for use
fin Al alloy welding which are suited to indigenous resources;
incculants for Al and (ts alloys in the form of pellets
(NML-PM120) and wire (NML-PM 121 and 122); development of an
Al-bDearing alloy as substitute for bronze,.--M.G.S,

Descriptors: Aluminum base alloys, Melting:; Filtration;
welding wire;: Inoculation; Research

Section Headings: 81 . (FOUNORY)

850371 83-3108%9
Smalli-Scale Aluminum Industries and Energy Conservation,
Murthy, 8 K
AVl Indta Seminar on Small Scale Metallurgical Inaustries in

India--Scope for Osvelopment in Techniques and Processes, New

Delhi, India, 10-11 Sept, 18981
PUbl: Indian Institute of Metala, 2, Sambhunath Pandit St,,

Calcutta, India, 1981
Pp @

Journal Announcement: 8306

Document Type: BOOK

Language: ENGLISH

Sources of energy waste in the melting process of Al are
consiuered. Mathods of minimizing heat loss Include choice of
heat source and melting furnace, careful control of charge

(particularly separating scrap) and good melting practice.

During melting, recommendations Include: avoid overheating,

avoid stewing, ‘eave moltan surface undisturbed, provide good

tamp. c . ntrol using ftron--constantan thermocouple and goo3d
degessing and fluxing practices.--M.G.S.
Descriptors: Aluminum, Melting; Energy conservation; Charge
presaration
(cont. next page)
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850370 @3-310%%8 A Survey of Oxygen Sansor Uses in Steel Foundrier.
Controlling the NHetal! Quality ¢, tha Preoduction of Goto, K

Mplleable and Quctile Castings. Met. Technol. (Jpn.) 81, (11), 33-37 Nov. 19814
Ghatak, A Journal Announcement: 8210
All lndta Seminar on Small Scale Metallurgical Industries In Oocument Type: ARTICLE

1ndta--Scnapa for Cevelopmant in Techniques and Processes, New Language:' JAPRPANESE

Daiht, Incta, 10-tt Sept. 1981 A survey of use of oxygen sensors (n steel foundries (five
Fudl:  Indtan Institute of Metals, 2, Sambhunath Pand(t St major steel corporations and two companies of special stee!s)

Calcutia, Inoia, 1981 was made, Reaults are given for the number of 0O sensors being
Pp & used, purposes of their use and methods of applications, In
Juurnal Announcement: 8306 steel refining, the use of the O sensor helped to improve the
Document Type: 800K quality of atesl such as the constant O concentration, the
L 1 ENGLISH suppression of void formation on the :lab surface, etc. The
e effect of various elemsnts on the production of manufacturers of special steels are not using O sensors

mallcable angd aucttiie Fe castinga is considered. Tha black and Decause of the Interference of additive elaments in special

steels 1in correlating an O corcentration with the e.m.f,, the

white bheart processes for production of malleable Fe castings
carbon, Si, sulfur, phosphorus and Mn (n small-scale production of the steels, etc. 9 ref,--7.7,

and the effect of
each case are described. The molding and anneal ing processes Descriptors: Steels, Refining; Liquid metals, Chemical
and wmottliing are considered. The effects of C, S, S, P, Mn, analysis; Oxygen probes
Mg ana Ce on ductile Fe castings are described.--M.G.S. Section Headings: 4% ,(FERROUS ALLOY PRODUCTION)
Osscriptors: Malleable tron, Nelting: Nodular iron, Melting .
Qual ity control
Section Headings: S1 .(FOUNDRY) 80739y 82-720209 g
Small Scala Foundries for Developing Countries: A Guide to &
Procass Selecation. )
850369 83-5105%7 Harper, J O

lopertant Role of Incculant in Cast lron. Publ: Intermediate Technology Publications, 9 King Street,
KXarkhanis, $ S ; Taskar, V G London, WC2E aHN, England, 1981

All Inadta Sematnar on Small Scale Metallurgical Industries in Pp (v + @8, 2% x 18 cm, 1)llustrated (U.X. pounds ster!ing
inata--Scope for Development in Techniques and Processes, New 4.95, overseas pounds aterling 6.20); I1SBN 0-903031-78-7
Oelint, India, 10-11 Sept. 1981 Journal Annocuncement: 8209

PUDI: Indian Institute of Metals, 2, Sambhunath Pangit St,, Document Type: BOOK
Calcutta, Ilndta, 1981 Language: ENGLISH

Descriptors. Foundries; Casting

Pp o
Journal announcement : 8306 Sect(on Heaatnge: ?2 . {SPECIAL FUBLICATIONS)

Document Type: 800K
Language: ENGLISH

The role of graphite (n structurs and properties of cast 779123 81-450724
fron 18 reviewed. Tha effect of inoculant (s to promote The Marufacture of Reduced Iron Using the SL/RN Procass.
formation of Type A graphite and reduce incidence of Type D Yataunami, K
and E graphite which cause s chilled and wmottled structurs. Nippon Kokan (ech. Rep, (Overseas) (27), 21-30 Sept, 1979
The effect of tnoculant on section sensitivity, mechanism of ISSN: 0848-1731¢
tnoculant and aifferent types of inoculant are discussed. A Journal Announcement: 8109
coaparison of the inoculating effect of ferrostilicon, calclum Document Type: ARYICLE
stlitcon, SM sub 2 alloys, metallic Ca and Al is given, Factors Language: ENGLISH
10 b8 considered include carbon equivalent of the Fe, section The design and operation of a smal) scale direct reduction
thickness of casting, quantity of matal, type of inoculation plant to utilize foundry dust and several sorts of solid fuel
and temp. of liquid fFe.~--".G.S. as reductant, Iis described, A neaw dolomite desulfurizing
Descriptors: Gray fron, Melting: Graphitic structure, procuas renders the reduced (ron peilets cbtatned suitable for
Alloying sffects;: Inoculation B80F use, instead of scrap.--R.0.P,
Section Meadings: 31 . (FOUNORY) Descriptors: lron and steel plants, Design, Direct reduction
i ODust; Fuels; Iron ores, Reduction (chemical); Cesulfurizing

5¢||ot-. Reduction (chemical)
Section Headings: 4% , (FERROUS ALLOY PRODUCTICN)
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A Method of Dispersing Graphite Powder (n Aluminum Alloy
Castings.
Yuasa, € ; Morooka, T
lmono (V. ypn. Foundrymen'’s Soc.) 52, (7)., 394-399 vuly 1980
ISSN: Q021-4396
Journal announcement: 8107
Oocument Type: ARTICLE
Language: JAPANESE
Some foundry techniques for adling Ni-coated graphite
particles to wmolten A}l alloys were investigatea. The first
aethod was that of Introducing graphite particles by injecting
argon gas stream from the bottom of the molten bath {(injecting
sethod). The 3second mathod was that of plunging pellets
prepared from & mixture of aluminum powder and graphite into
the aelt (pelliet method) and the third methnd was that of
pouring graphite particles directly into a deep vortex of the
melt crea‘esd by an impeller mixer In the melt (vortex method).
The vortex method was judged to bs the most suitable technique
of graphite dispersion for the small scale production of
graphite--aluaimm altloys. Using the vortex method, up to 17
wt.X graphite can be digspersed 1nto the aluminum a)lloy. Coarse
graphite particles (420-040 wmu ®w) with contirnuous nickel
coating of about 6 mu m thickness wers successfully introduced
into the aelt of Al--St alloys. Optimum mixing tamp. of the
melt for the alLdition was about SO deg C highar than the
liquigus of the alloy. There is a flotation of the graphite
particles {in sand mold casting, but a uniform distribution of
the p rticles (s obtained in waver-cooled chill casting. 10
ref --AA
Oescriptors: Alumtnum base alloys, Casting: Graphite,
Alloying additive; Dispersion; Sand casting; Powders; Nickel,
Coatings
Alloy Inadex(ldentifier): AV-8St, AL
sSection Headings: St . (FOUNDRY)

758927 81-510306
The Continuous Hortzontal Casting of Steel.
Sugtitant, Y
Bull. Jpn. Inst. Met. 18, (12), 834-836 ODaec. 1979
Journal Announcement: 8103
Oocument Type: ARTICLE

Language: JAPANFSE
The prodbleas associated with the continuous hortzontal

casting of steel are discussed based on the results obtained
with a small scale experimental unit., Some solutions to the
various problieas are proposed. For example, {n the case of the
casting of 18-8 stainless steel, the resistance inside the
aculd s high and arawing ts difficult without a lubricant,
This prodblem was solved by using a NV plated mould with a
lubricant (CF) n the plating. Results obtained with this
eaxperimental wunit indicate that the continuous horizontal
casting of a small cross section products is possible on a
practical Dbasis but further research (s necessary for the
casting of targer products. --V.T7.§.

Descriptors: Carbon steels, Caatinqg; Stainlioss steels,







m User . 008762 tteep87 POSS. PR 20/%/1-24
NTS OIALOG (VERSION )

GlALOG File 32: Matader 08-07/3ap (Copr. 1987 ASH International)
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0%0208 67-08732%

COMPLEX NICROALLOYING OF CUPOLA MALLEABLE IRON FOR
SIMALL-SCALE PRODUCTION

TALANOV, P 1 ; KUKINA, R A

LITEINOE PROIZV NO 3, MAY 19868, P 29-32

Journal Announceasent: €701

Document Type: ARTICLE

Language: ENGLISH
Descriptors: MALLEABLE IRON, MICROSTRUCTURE: GRAPHITIZATION

GORON, ALLOYING ADDITVIVE: INOCULATION: CASTINGS
Section Headings: 68-08 . (FOUNDRY)
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Research ard Development activities in the non-ferrous metallurgy

RESEARCH AND DEVELOPMENT IN DEVELOPING COUNTRIES
Research and Development in Latin America

Country Name of the Resources f{r Activities Staff
instictution willion USS,
1965
Argentina INTI 0.5 Extraction of Ni and Co. 14
Brazil CEPED 13.0 Beneficiation, biological leaching of 160
: Cu ores. Review of environser.tal

conditions in Cu sining and ore

dressing. Developmsent of Cu alloys

for coin fabrication.

Brazil CETEM 2.0 Pilot plant studies of Cu, Pb and Zn 149
ore treatment. Processing of Sn ore
fines. Cu and Ni sminerals bulk
flottation. Electrorefining of Cu
with pulsating current.

Brazil (o9 ¢ 4 0.5 Environmsental control in the Cu and 10
Ni industries.

Brazil 1PT de 0.04 Extraction of Cu from complex oxidized 2,600

S. Paulo ores.

Chile CIMM 2.0 Cu ore dressing and metallurgy. 300
Au processing methods for "small mines”
Separation of Mo and As. Recovery of
rutile from copper tails.

Hydraulic transportation systeas for
solid materials.

Chile INTEC 1.0 Heap ieaching Cu-ores, of Au and Ag 72
GCravitational concentration and tailing
recovery Cu, Au, Co, W, etc.

Chile INACAP 8.5 Training on process control and 121
automation in the copper industry.

Chile Sociedad n.s. Exploration and beneficfiation of Pb 6

Miners deposits. Alternative Al and Pb
Pizarro technologies. Pb alloying.
Lids
Chile Universidad 0.05 Non-destructive testing, 52
de Terapaca standardization snd quality control
of metal producte.
Colombis CID! 0.12 Recovery of 2o in an iron and steel 15

plant,




Country Name of the Resources in Activities Statf
institution milliom USS,
1985
Costa Instituto 0.04 Extraction of Al minerals. Recycling 8
Rics Tecnologico and refining of Al alloys.
Ecuador Politecnica 0.06 A} slloying. Scrap recycling snd 7
de litoral refining. Pure Ri electroforming
Zn and Cu slloys.
Jamaica Jamaica n.a. lmproving the processability of Jsmaican 26
Bauxite boehmitic and goethitic bauxites.
Institute
Mexico Instituto 0.23 Leaching of concentrates of non-ferrous 50
Politecnico setals. Substructures produced st high
Nacional, temperatures. Optimization of flat
Esiquie, rolling sequences.
Laboratorios
pesados de
Ingenieria
Metalurg:ca
Peru INGENME | 1.708 Exploration and evaluation of deposits 75
(Cu, Pb, 2n, Ag); (Sn, W, Au). Probless
of underground mining, beneficiation of
ores. Polysetallic minerals flottation.
Bacteriological leaching of Zu minerals.
Trinidad Caribbean 6.C Experimental casting prototype 60
and Industrial develcpment.
Tobago Research
Institute

L1ST OF ABMREVIATIONS

Research Institutes

CEPED
CETEM
cTe

14 49

INTI
ce
INTEC
INACAP
cI01
INGENMET
OMRD1

Centro de pesquisas ¢ desenvolvimento
Centro de Tecnologia Mineral
Centro de Tecnologfa Promon

Instituto de pesquisss tecnologicas de Estado de Sao Psulo S/a
Centro de InvestigsciSn para las industrias sinerales
Centro de Investigacién Miners y Metalurgics

Conite de Investigsciones Technologicas de Corfo
Instituto Nacionsl de Capacitacion Profesfonsl]

Centro de Investigaciones para el dessrrollo integral
Instituto Ceologico Minero y Metalurgico

Central Metsllurgical Research and Development Institute
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Research and Development ia Africa

Country Kawme of the Rescurces fo Activities Staff
institution wmillfion USS,
1985
Egypt ASSIUT .15 Production of Al-Ti, Al-$i slleys. »
University Beneficistion of mepheline-cysmite.
Departuent Recycling of materisls in the Al
of Nining ’ industry.
end
Metallurgy
Egypt OMDI 0.7 Activation of bentonites. Cryolite 72

regeneration. Alloy and surfece
protection development. Cu relining.

b recycling.
Egypt TABBIN 1.0 Productica of high quality Al 50
Institute - castings. Corrosin resistance of
for Al-alloy castings. Anocdizing.
Metallurgical Heat treateent of brasses.
Studies
Kenya Kenys 0.98 Analysis of metal contamination in &5
Industrial canned fruit and vegetable products.
Research
and
Development
Institute
Morocco Direction 2.45 Exploration of deposits of non- 300
de la ferrous metals. Ilnvestigations
Geologie on precious metals associsted

vith Cu and Pb.
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Reszarch and Bevelopueat in Asia

Country Name of the Resources im Activicies Staff

ijnstitution wmillion USS,
1985

China General n.a. Beneficiastion of ores, process and Quality 1,200
Research and environmentil contrcl, alternative
Institute technologies, manufacture of Al and Cu
for Non- products. Recycling.

Ferrous
Metals

China Institute 3.5 Develcpment of Al- and Ki-based alloys, 1,200
of Netal copper tubei and vire. Quality comtrol
Research, in the production of Al and Ni.

Academia
Chins

China Shenyang n.s. Exploration and beneficiation of diaspore 900
Aluminius bauxite. Surface mining. Engineering
and for Al industry including main and auxiliary
Magnesium utilfities for processing.

Research
Institute

Indis College of 1.8 Ri-T{ shape memory alloys. Liquid /orging 12
Engineering, of Al alloys. Al/Al and Al/Cu roilbonding.
Departaent
of Metallurgy
PUKRE

India Indian 0.9 Mechanicsl alloying of Ni, Cr, ThO,; Al 350
Institute alloys containing Mn and Li. Al, éu. Zn
of Science caistings. Bacterial leaching of lean

sulphide ores.

Indis Indis Lead 0.0126 1mprovement of refining process. 15
PVY Ltd. Desilverization. Pb-Sc, Ca-Pb alloy.

Indonesia Mineral 2.0 Beneficiation of fine and sulphide complex 106
Technology ores. Flotation of galena. Production of
Developsent Al-gulphate. Scope stability study on
Center, - primary So ore.

Departeent
of Mining
snd Energy

Republic Korea 0.14 Origin and exploration of mon-ferrous metals 10

of Kores Institute deposits in the country.
of Energy
and
Rasources

Republic Kores 19.0 Development of Ni-base super-slloy csstings €20

of Korea Institute for gas turbine application,
of Machinery

snd Metals




Country

Bane of the Resources in
institution wmilliom USS,
1985

- 291 -

Activities

Steff

Malsysia

Geologicsl 5.3
Survey
Department

Minersl explorstion and assessment.

127

Pekistan

Metal n.s.
Industry

and

Development

Centre

Development of alloys of non-ferrous
metels. Melting and casting processes.
Moulding sands.

Pakistan

Minerals n.a.
end

Metsllurgy

Division

PCSIR

Substitution of {mported minerals and
nineral-based products. Beneficistion
of antisonial Pb ores.

Philippines 1.2

Metals
Industry
Research
and
Developaent
Centre

Al, Cu castings. Electroplating.

128

Thafland

The n.s.
Metslvorking

and

Machinery

Iodustries
Development

1astitute

Colours of jevellery, centrifugal
casti.g.

Thailend

Regfonsl 0.027
Centre

of Minersl

Resources

Exploration and beneficistion of Pb, 2n,
Sn, Ni ores.

Note: More information regarding R+D activities and Training

opportunities in industrislized and developing countries can

be obtained from reference Nr. 75.
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Appendix L

Co t stratjon Found
in a developing country =)

This discussion will treat two aspects, (a) the role of foundry in an
economy and (b) the pilot foundry, in order to present a clear pictice of the
role of foundry, vhich will serve as background and to indicate how the pilot

foundry, seen as a productive unit, fits into practically any scheme of
development.

a. The role of foundry in an economy

The foundry is an industrial service industry. A foundry provides
intermediate goods to equipment users, manufacturers or bullders; it does not
provide a 'final product’ in the sense that a casting may be directly acquired
or used by a member of the public. It has become fashionable to speak of
spare parts vwhich are required in order to keep industry and many agricultural
activities In operation; the basis of spare parts manufacture is of course the
foundry. It may be asserted in passing that almost all parts produced by
forging and by machining may also be produced by the casting process. The
reverse is rarely true and where small volumes of production are involved, the
casting process is selected, over forging.

Modern casting processes can produce castings very close to final shape.
This not only reduces the cost of final machining but may frequently also
reduce the requirement for investment in machine tools, and for scarce machine
tool operators. However, the most important factor concerning the foundry
industry 1is {its avajlability; 1i.e. it can respond rapidly to 1local
requirements and occasionally to an emergency order for a part required to
keep a process in operation. In this sense, one does not enquire as to the
cost of the foundry but rather the cost to the economy of not having a foundry.

The above comment must be qualified, A large automotive foundry
producing for assembly plants is a somevhat different concept, to that of the
true service foundry. The automotive foundry supplies large volumes to the
assembly plant for incorporation into vehicles. The service - or jobbing -
foundry supplies the parts to keep the assembly plant‘'s machines and equipment
in operation. The price of the castings from the automotive parts foundry is
of great importance; this is not the case with the products of the service
foundry. Here, the opportunity cost 1is the predominating factor and the
service foundry must provide high quality products, of all types, shapes and

sizes whenever they are required. Thus, availability is the applicable
criterion, not cost,

There 18 a limiting size for a foundry and this depends upon the types of
products which it offers. An automotive foundry in a developed economy can
melt 400 tons per day. A specialized service foundry (also in a developed
country) may melt 2.5 tons per day. Whereas the former will melt continuously
one or two alloys, the latter may process five heats per day, each widely
different in composition and properties. The size of the foundry will depend
upon the type of market which is to be addressed. Thus the shorter the
production runs, the smaller the foundry and clearly the 'service’ foundry is
directed at those products wvhich have shorter production runs and frequently
‘one off’' castings in order to keep a client’s equipment in operation.

%
)Prepared by A. Buckle, Metallurgical Industries Branch,
Department of Industrial Operatiors, UNIDO
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The smaller, and one may assert, more metallurgically capable operation
charges much higher prices, because the consts of short run production are
high, and the rejects are proportionally greater. Whereas the automotive
foundry will work at s reject rate of belovw 1X, certain jobs In a service
foundry may result in a rate of over 20%.

The technical requirements of such a varied production lead to a
propcrtionally high overiaead cost and an snnual production of 600-2000 tons
per annum of gecod castings, implies that overhead per kilo is high. This way
lead some to argue that, in such a case, the size of the foundry should be
increased; this size is however limivred by the average size of orders for ihe
speclal alloys, which in turn dictates the size of the furnace, which fixes
the production capazity. There is also an administrative restriction in that
te handle thousands of small orders is not easy, from either the
administrative or technical position and if the foundry grows, it will
inevitably abandon the smaller and more complicated orders, to a smalles
foundry! Thus the small foundry is the inevitable and eternal adjunct to
progress, and even when, in the developed economies the larger foundries have
been displaced by imports from the ceveloping world, the service foundry is to

be found, supplying the critical requirements of local industry and other, and
being very profitable.

b. The Pilot (Demonstration) Foundry

The first affirmation is: that it is unacceptable to install productive

equipment in a developing economy and allow it to be under-utilized or not
utilized at all.

The structure of Government-administered, and frequently, of
Government-owned plants 1is that the bureaucratic and operative restrictions
are such as to cause them to be a nett financial load to the economy. The
problems of purchasing raw materials, selling finished products, paying
competitive salaries are too well known to merit further discussion and thus
experience indicates that it is most reasonable to assert that the plant must
be installed only where such conditicns are allowed as to offer a high
guarantee of success,

Where the Government of a developing country is required to include a
pilot plant, an institute or industry in the national budget as the recipient
of what is In fact a2 subsidy, there is little doubt that after a period of
time, no subsidy will arrive. Such monies as may be available, will be
required for education. health, agriculture and similar basic requirements,

and the above mentioned institutions should be expected to contrjbute to these
activities, not drain resources from them.

The plilot foundry, {f allowed to operate within a correct state
administrative structure, can operate as a ‘service foundry'. Its size is
adjusted to the type of market to be expected and this is a profitable
market. It is relatively easy to ensure that the plant be self-sustaining,
and that it contribute considerably to the proper operation of industry (as
noted in section a.) whilst offering a source of excellent training fo: a
reduced number of persons at all levels of responsibility. The professional
characteristics of the metallurgists, engineers and analytical chemists who
vill work with or in co-operation with the foundry, must become such that
their knovledge will be of considerable use to industry, given that the
operation of a 'service foundry’ includes of necessity a consultancy service.
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The foundry must help its clients determine their requirements, i.e. is the
spare part made of stainless 3teel? If so, which and at wvhat hardness - heat
treatment? (It should be clear from this that without a good foundry, it is
nonsense to speak of a ‘capital goods industry', for if good spares cannot be
manufactured, neither can machines be produced.)

It is a characteristic of the foundry industry in developing couatrie:,
that, after some 5-10 years, employees leave the plant to set up their own
operation. In general, these second operations are not of a good standard
because the original plant where they learned their trade, was abysmal. This
can be detected in many countries, but 1f the plant is a properly operated,
technically adequate unit, then the young metallurgists and engineers will
clearly be in a better position to progress themselves to the benefit of the
economy .

As a final note, it is affirmed that without outside assistance, it is
practically impossible for a developing country %o assemble ail the skills and
experience required to ensure that a service foundry will operate properly.

A carefully programmed training schedule, crganized and overseen by
experts from the service foundries, a clear selection of products of steadily
increasing complexity of manufacture to be produced on traditional,
vell-tested equiment, backed by an unsophisticated laboratory service of the
type that has proven its worth in hundreds of similar foundries in Europe and
North America - will ensure the proper functioning of the plant.

It has been asserted that the market for speciaiized (non-automotive)
short pre- ction run parts 1is profitable. Experience in South America
indicates that such parts can be sold (i.e. including profit) at a price of

some 50% of FOB factory price for equivalent imports. The 1limiting factor
will be the total market size.

C sio

It has been shown that the service or %ilot foundry 1is an essential
element within an econory. It has been stated that, given a market of
adequate characteristics and the proper administrative structure, such a
foundry can be easily self-supporting and that, if a sufficient market exist.
for castings, it can be a source of properly qualified personnel to start
their own operation. Vvhere a foundry industry already exists, the pilot
foundry can be a source of training opportunities and, in the natural course
of events, other foundries who wish to progress, will look to the pilot
foundry as a source of qualified personnel,

It is proposed that the pilot foundry which the Government of Ethiopia
vishes to establish, will fulfill these objectives.
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