CHAFTER I
INTRGDUCT ION

Huge quantﬂ:ies of wariois types of sand systems as
basie materials for moulding and core making are being used in
the metal casting industries, But a considerable loss 1s
incurred by the casting manufacturers for rejections due to
improper sand control, Most of the sand systems are highly
complex in nature Aue to the large number of varlable factors
encountered at Aifferent stages of operations, Thus it 1s
necessary to obtain the rroper combinations of the variable
factors that would ylel? the optimun propertles of the sand
systems, It iz algo necessary to understand the effects and
interactions of the variabhle factors on the properties and

behaviour of the sand systems for an effective control,

A survey of the past work shows that exhaustive investi-
gations have been carried out in most of the sand systens now
in use in the metal casting Iindustrles, dbut mainly by classical
methods of single-factor experiments, so gs to understand the
underlying phenomena in each of them and varicus recommendations
have been made for seand control, The synthesis of such investi-
gations 1s done by trial and error principle and theory is taken
into aceount for explaining the results obtained, Further, as
a consequence of such investigations the optimum sand mixtures
developed, if any, is only a matter of chance. Agaln such |
optimal conditions frequently demand changes as the chsractere

istics of the basic raw materials and environmental conditions




keep on changing from time to time and hence the investigations
must be repeated in line with the recommended methods, FNaturally,
the eclassical method of single=factor experiment involves a large
nunber of trials over a prolonged period of research with conse~
guent demand on effort and money and yet the interactlons between
the variable factors cannot be brought out elearly. Thus a
methodology 1s desired whereby the results of investigations are
easy to process for the search of optimal conditions and to secure
maximum anount of information about a sand system in a shart period
by spending least amount of money, materials snd efforts,

The process of optimization can be mede easler, if a
mat hemat ical relatlonship between the measurable prorerties of a
sand system and the wvariable factors involved can be established,
Since the propertles and behaviour of a sand =2ystem are controlled
by the variable factors, the former may conveniently be expressed
as a function of the latter as below.
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where Yi represents any of the measurable properties of a sand
mixture and Xy represents the varisble factors involved. Here,
the function 'F' may be called the response surface, This
function can be presented in the form of a polynom (in a limiting
case),
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where 30,31,311 eene &re called the regression coefficients
and eguation (1.,1.2) is called a regression equation, The

equation may also be comrared with the Taylor's seriles,

n n o%r
DF
Y P b -——-s—x Xy % ove 'y (10103)
om compari F 2f, Sewp % .
From compardson, Fo = Por &; " Fo0 sz;gxg Pay

Now, if an equation like (1.1.2) can be developed for easch of the
properties (response variables) of a san? systemy the yrocess of
optimization becomes mueh easler, At the same time, the regre-
ssion coefficients (‘55,_.5311) of such equations can be exploited

tc throw some light on the physical or physico-chemical phenomena
occurring in the sand system being investigated., Hence, what 1s
necessary i3 a method of investigetion by which the Aats on the
prnpertiesy (response variables) of a sand system can be collected
in such a way that these can easily he proceased to develop the
relationships as 1llustrated by equation (l.1.2).

Cne of the efficient waysl‘-8 of data collection seems to
be by application of statistical design of experiments, which
help in developing the above mentioned regression equations, The
concept of this teehnique had originated mainly in connection with
agricultural research. But the honour of discovering this idea
goes to the British statistician Sir Ronals F‘isherl {the end of
tventies), who was the first to show the expediency of simule
taneously varying all the factors in contrast to the widespread



single-factor experiments, The data collected by application
of this technique are amenable to statistical treatments and
msthematical methods can be used to develop the formal
relationships, like equation (1,1,2), between the properties

of a system and the variable factors involved. It is further
suggestoél'g that the rost efficient way of examining :he
effects and interactions of the variable factcors is by means of
a factorial experiment where 8ll poss3ble combinations of each
level of every factor are realized. In fact, the application
of factorial experiment allows carrying out a minimum number of
trials in order to develop the regression egquations as above,
resulting in the savings of materials and time devcted to the
investigations, Once such equations are devoloped, these can
be used to eonstruet nomograms by drewing Iiso-property curves
from whieh the optimum regions ean be fount cut for selecting
the proper ecombinations of the variable factars, Dut when the
nunber of factars are more than two or even three, the equations
help to the process of optimization with the aid of a computer
which is now a recognised tool for efficient mansgement and
technological control,

(Uver the past yesrs, considerable advances have been
made In this branch of statisties and various types of
experimental designs are avallahble in the standard text bocks
on the subject., It is claimed ’ '’
investigated by the Box-wWilson method for the purpose of optimiza~
tion and also for an understanding of the roles of various factors

and their interactions in deciding the properties and behaviour

that eny system can be



ot

of the system, But if & system ig already investilgated by
classical methods, the rrior information cay be gainfully
utilized for further research by application of statistical
design of experiments, 4An added advantage of this technique
ie that the experimental and personal errors get minimised and
the accursey with which the regression coefficlents are detere
mined 1s higher than those determined by classical statistical
methods like multirle correlation and regression analysisl’z’4‘7.
The arplication of this statistical technique provides
more information at less cost than can be obtained from classical
methods and hence 1s highly suitable for investigations in the
metal casting technology, It will be shown later (Chapter IV)
that the existing data of cther workers can also be utilized
for develoring regression equations by application of this
technigue, But all the data ecollected by cther workers are not
necessary for the above purpose, In other wurds, the sane
conclusion could be arrived at by ecllecting less number of
observations, if the importance was given to the proper planning
and designing of the experlments, before collecting and analysing
the data,.

The work doneg‘m so far by application of statistical
deslgn of experiments in the fleld of metal casting technology
has not been ajequate enough and so its utility is not appreciated
fully. Some work in this field have already been initiated, but

in a scanty way either in metallic systems ’'O»11)1¢
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or in sand

systems The past work 15 has only been partially



successful in pointing out the application of this concept in
sand control by constructing nomograms, which is but one aspect
of itz use, In short, the subject has only been‘introduced to
those working in the metal casting industries and the amount

of work done by this technique is far from adequate in the
fleld of sand investigations,

1.1 UBIECTIVE (F THE IRESENT WOURK

The present work was undertaken in order to investigate
in detall the utility of gtatisticsl design of experiments in
the study of sand systems, used in the metal casting industries,
considering the growing demands for methodology in fast and
economic sand eontrol, Since various types of sand systems are
in use, it 1s necessary to study a number of sand systems by
this technique to serve the above purpose, Here, three sand
systems have been chosen for investigations by appliecation of
factorial design of experiments and regression equations have
been developed in each of them. Apart from demonstrating the
utility of these equations for constructing nomograms and also
for optimization with the aid of a computer, attempts have been
made here to exploit the regression coefficients to secure an
insight into the physical or physico-chemical phenomena
operating behind the strengthening of the sand mixtures or
cccurring in the different stages of operations. Also the help
of existing knowledge or thecries have been taken into aceount,

vherever available, for the above purpose,

The three basic sand systems chosen in this study are



