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_.\.BS'i'HACT

Th': investiru,tion ciil~::,ied out in this tc:xt ',iaG to find out

.,~ o,-~~~"~~ f'~"c"'n" t;.~n ~~ the "nt,d' ",c"'.,;n,,. chnractrn'j,s-o,~ ,.~,-,_" ,,> .<o.~".L'L' ~,," V>' ~ _v _ ~,~ " ~v

tics of cnntrifuG"ll;V-cast <J~bra~<G.The varl8tion or fre'ezinr:,

:'ir;:teof tbe ca8ting l'i"'S aohH!ved by,del"'yi.ng the solid:.ficCltion

;JI'ocess with the application of heat uf,ing g"s fl"Tlle around the

:'ot&cing Clouie'..in Gomeinstances and by spraying cooli:l5 '"",'li;er

through special ccoling device around the rotating mould winch

promoted CRster solidification ill the oth,eI's.

A comparctive 3tuey of different Dhysica3. and ,".echanic"l

nropertics ,",'as carried out upon sand 'uould cas~ings and cen:ori-

fugal ca,tinES o"!:>tainedb~c using metai Jlou1d. De-oxidation of

the ":101ten :;Jet",l "ms cione to obtain the i'nproved properties.

PrOl)"'I'~ies llke ha:c-:inuss, pe~'centage ('],a"f,Clticn. tenslle ~:tl'''n[:th

,;tc, ',Iere 'ound ~o i:op::.'ove '.,'ith faster ccoling ra;;es keepi:lE, ,,11

met,,) C01'.:oositicn constant. It \'iss obp,ervec', that the sand :r.oc.le:

casting at cacm tempe::,atuxe ,~ho""sa cn"~'ser-erained dendrltic

strllcture hsvin;,: loss strength, ?ercE'ntage elo:ll:'/"tiQr1 ar.d hqro-

ness, '""he,cHS t.'1CcentrifuSally CdSt d.-~ra,:s '"',itt 'O(n';]'U,,;t

cooling sho'w'Rdan iLlpl'ove:nent of about '",60% in e]on;;r"tjon "nd

It was 2180 observod that the longer the solldification

time, the coarser was the' grain G:l.ze:l.n th" as-cast sp€'Gimenc-;

;';nich i"fluenced adversely the ph;ysical and mechct.nic[,l ]1roper-



Heat '~reat,'llent of both the sand C(l.:<tand ~ent'rifugally

C'lst rA-'Dl',qS~ show,"d improved propQrties. Th~ ciL5:inf'; ob':HifJ"c.

,,'ith the fa~tes-;; coolin!'; ::.'a1:Gshowed the greatest i'Tll,rOvement

i~ its properties as compured to the Land a~d slowly ~ooled

centrifugally cast q..-h~'ass proc'.ucts. 'l'he eXD8riments furni>;hecl

a nositive inc.::.cation !'cgarding the !lchiRvernent of he~ter physicc,]

S'lQ nech"ni.c!ll pL'opertics i-n the centrifU5ally cast ct.-brass

proc'.ucts ';lith decreasing freezing times.



1. Introduction

because of its economic viabllity as well as its capability of
delivering dense, strong and inclusion free products. Usually
producto of this process include cylindrical pipes, piston liners,
pressure vessels, bush-bearings, steam and gas reformer tubes,
pulleys etc. when compared to sand casting process, the centrifugal
casting method offers some essential qualities in the products as
high tensi~strength, high density, consequently low porosity and
necessary hardness. It is normal to anticipate that the properties_
and the solidification behaviour of centrifugally cast products
will be quite different from those of the static castings.

However, the success of centrifugal cesting process depends
on a number of factors viz. mould spinning speed, heat transfer•characteristics, mould material, mould coat, pouring temperature,
pouring rate, mould pre-heat temperature, the alloy cast, and the
dimensions and geometry of tbe caating ~ • Tbe details on the
influence oJ:some of the above factors on ferrous metals are
available in the literature 2,3 ',but not much on the non-ferrous
metals. Recently a thorough study of the effects of speed oJ:rota-
tion of the mould and the pouring temperature of the melt on struc-
ture and properties of centrifugally cast non-ferrous metals, hae

4been cnrried out ~ But the effects of freezing time on solidi-
fication characteristics of centrifugally cast products have not
yet much been investigated upto today. Therefore, the present
project has been undertaken to study the various aspects 0;:solidi-
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fication, since the overall freezing time adversely affects the

structure and properties of the casting, especially for cenh'ifugal

casting as it rotates durlng solidification promoting faster
cooling rate. Since the solidification characteristics of the
ss-cast structure under dynamic conditions are different from

5those of static castings having similar cooling rate , the
c~rrelation of structure and properties IIIcentrifugally csst
products would be worthwhile. The material used in the present
study was ~-brass, since this alloy is widely used in the indus-
try for fabricating various objects.

For comparison purposes, static castings were carried out
in green sand mould with the same composition of the melt. Pro-
perties like hardness, tensile strength and percentage elongation
have been investig~ted and compared with the centrifugal castings
obtained at various cooling rate over that of the sand casting.
During the present investigation, microstructures for both the
products were also exarni,nedunder different magnifications using
optical rnicroseope. /1icro-exsminr,tions of the specimens were
conducted in the as-cast and annealed condition.
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2. LIT£;lATUP.E :ilEVIEW

2.1 Introduction

The principle of Centrifugal Casting has long been establi-
shed, dating originally from a patent made by Eckhardt (quoted
from Ref. 5a) in 1809. Following early development during the
nineteenth century, the process began after 1920 to be used for
the manufacture of cast iron pipes on a large scale and has since
been extended to a much wider range and for other alloys.

Gradually the demand of ductile iron pipes started increas~ng.
large diameter ductile iron pipes found a boost in production

in Japan2 during 1960 to 1970.

In Soviet union' about the same tlme ductile iron pipes ~ere
cast centrifugally ~n wRler-cooled high strength steel moulds.
These 'noulds ',1erepreviousiy sprayed with a -thin refractory coat
consisting of silica flour m;l.xedwith a small amount of "bentonite
and water. After the pipe was completely cast, the mould was kept
rotating at its original speed until the pipe had cboled to
15000F (815°C). The pipe was then taken from the machine and
transferred to an annealing oven.

More recent research report? shows that centrifugal
ato~izing can produce deposita, very similar to those produced
by ~as atoln~zing. in the form of a large-diBJlletertuba, ard fom
this tube, sheet is also made. The experimental conditions used
were such that it was not possible to attain a sufficiently low



oxygen level wit".inthe fl to:nizing cha:nbnr to avoid the "re s~nce
of some oxide films. Consequently, the porosity of the deposits
was hir;her than expected, and the mechanical properties of the
strips were lower than these of similar conventional materials.
This report came out in 1976. Another research report8 came out
in 1983 wbj,ch devoted to work carried out using the centrifugal
spray process under carefully controlled conditiolls, in which
oxygen acccss was scrupulously avoided. It also includes a note
on'the developments by Aurora Steels Ltd, Sheffield, who have
applied the centrifugal spary process to the com~ercial production
of tool steels.

Centrifugally castS st8inlesG steel has become the ~aterial
~ost used for steam reformer and pyrolysis tubes during mid 80's.
A cheaper alloy HK~O (O.~c - 25Cr - 20Ni) , have a much hi~her
creep ruptlITe strength than low-carbon material having simila~
chromicrn.and nickel contents, was used as a cast material for
reformer applications. Extensive work has been done to optimi7.s
the structure and high-temperature mechanical properties of these
materials. J

At the same time, ~n tube production, tubular blanks are
prOGuced by the method of centrifugal casting which can be used,
after slight modifications, successfully in the production of
consumable electrodes1? Bxtensive tests have been carried out
in the production conditions with the method of centrifugal
casting of conswnable electrodes for various remelting -processes.
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The hollow billets produced by this method are most suitable
for Remeltin5 the Consumable Fla5~atron (RCP) , because the
presence of the through cavity along the entire length of the
billet in the case is the constant condition.

Late st
11report that is dated 1986'h8$ revealed a ne~ process

called Centrifugal Melt Spinning (C.M.S.) process. The C.M.S.
process is a technique for the production of rapidly soli6ified
ribbon. The report also indicates that a beneficial combination

of hir;h ejection pressures (up to 269' KPa) and hiDh lip-car velo-

cities (up to 103 TT1s-'1)yield good themsl contact between the

melt puddle and the cooling substrate. As a result, cooling rates
8 _1up to~10 Ks are achieved, higher than those generally reported

for other ~elt spinning technlques.

However, the Centrifugal Casting Method has got a significant
boost because of resulting rapid solidification which is impera-
tive for the purpose. The purpose of rapid solidification is to
achieve high solifification rates by means of small cross section
and good ther~al contact with a cooling substrate. The Centrifugal
Casting Method-used nowadays generally entails the use of a
fixed crucible. The molten alloy is poured into the mould and
impinges on a substrate so that the well spread out over the
entire length of the mould cavity. With further flow of metal
from the crucible, pipe wall thickness builds up Bradually and
uniformly, over the entire length of the ~ipe. Tbe use of high
rotational speed of the mould results in improvement of the wetting



pattern and hence in better thermal contact between the melt
puddle and the rotating mould. High ~ould velocities also result

in uniform pipe wall thickness.

2.2 Solifification of pure TIetal and alloy under normal condition

Pure metals melt and freeze at a siegle temperature, the
melt~ng point (or freezing point); aoove this temperature they
are completely li«.uid, and bclcw cO<"-pletely solid (unter equili-
brium conditions). If a "thermocouple is placed in a crucible of
"pure molten metal and the metal f\llowed to solidify c10',,,ly,e,
cooling curve such as that of Figure 1(a) is obtained. It is
observed that the metal cools quite quickly to its freezing noint.
At the freezing point the temperature remains constant briefly
i.e. a hold occurs while the ~etal loses its heat of fusion. Only
after the metal is completely solid and further cooling occurs.
This type of cooling curve is obtained only if solid foreign
particles, described as heterogenous nuclei, are present in the
liquid metal and the rate of cooling is relatively slow. When there
~s no suitable solid ~atter present, a liquid experiences difficulty
~n starting to crystallise and :nay need. some c.ef,recsof unc.er-
coolinK below its real freezing-Doint WhlCh is knowTI as nuc18ation
under-cooling. Nuclei or 'seed' cryatals then form, follo,180 by
their Growth which is the Recond stage of free~ing and the tCillpera-
ture may rise to the true freezing po~nt. The type of coolin~ curve
in this case is shown by Figure 1(b).

When heat is abstracted rapidly, solidification starts at a
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temperature intermediate between that of nucleation under-cooling
and the equilibrium freezing point. This gives rise to solidifi-
cation under-cooling which is significant in centrifugel castings
and in die castings. It leads to fine structure due to a decrease
in diffusion rates. Most commercially 'pure' metals contain certain
impurities which may have significant secondary effects on solidi-

fication.

During solidification, heat evolution raises the tem~erature

_at the solid-liquid interface, but protruding solid fingers may
extend into a cooler, undercooled region and their gro"~h is

accelerated. Radial arms are formed which send out secondary arms

at right angles to them.' This is repeated until a fir_tree tY1'e
of crystal is produced, known as a dendrite (Figure 2).

The dendrites grow out wards until contact is made ,uth
neigh"oouring growths; this contact surface becomes the boundary
of the, crystal or grain. The dendrite arms then become thickend
until finally a solid crystal remains with no indication of the
dendritic ,';l"owth,except ","hereshrinkage occurs, with the formation

of interdendritic porosity.

Pure metals melt and freeze at a single te~perature. Alloys,
in most cases, do not. For a given alloy, there is a particular
te~perature (the liquidus temperature), above which it is all
liquid. There is.another, low~r temperature (the solidus tempera-
ture), below which it is all solid. Between these two temperatures

is a region where liquid and solid coexist. Such an alloy, in this
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temperature range, has some consistency because of the solid
material existing, but has little or no stengtb. It has the
consistency of "mllroh"and for this reason the portion of a

solidifying casting whose temperature lies between the liquidus
and solidus is often termed the "mushyzooe,,12. A sketch of the

liquidus and solidus temperatures of a typical alloy is shown in
Figure 3(a).

I,hen a molten alloy such as alloy 'a' of Fi£5ure 3(8) is

slowly cooled, freezing begins at TL but is not complete until
a lower temperature, T~ is reached. The cooling curvo of an alloy

o

of this type would be very different from that of a pure metal. If

a crucible of the alloy were cooled slowly and temperature measured

as a function of tims, the rate of cooling would be rather rapid
until the liquidus temperature, TL was reached. At this temperature
as solidification began and continued over a range of temperatures,
the cooling rate would he slowed down, ~ut not arrested. Below
the solidus the metal would be completely frozen, end more rapid
cooling would again take place as shown in Figure 3(h).

Eowever, the influence of temperature gradient upon the
mechanism of freezing and the extent of mnshy zone of an alloy
is illustrated in Fig. 4. This diagram indicates how steepening
Of the gradient narrows the zone of crystallization and so mini-
mises the distence over which inter crystalline feeding lS required
The downward movement of the.temperature line produces corres-
ponding travel of successive start and end waves of freezing.
towards the centre of the casting.
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2.21 Solidification rate:

The freezing rate has an lmportant role to eliminHte solidi-

ficatioll sllrinka5€ in a casting, and on such metallurgical factors

as segregation and grain size. In a sand :nould, the rate at which

a casting freezes, is determined primarily by the ability of the

:nould to accept heat from the casting. I~ molten metal is poured
against a flat mould wall heated only to room temperature, heat
will-flow into the mould, and a solid layer of metal will be
deposited at the mould-metal inter-face. As heat continues to
flow, the thickness of this layer will increase with time. The

te~perature distributions in the mould and metal- after a given
time are shown schematically in Figure 5.

Heat flows from the hot portions to the colder portions of
the system according to the following relation13:

~/A _ - C ( aT/ax)
where, GI/A _ rate of beat flow per unit area in Btu/(hr.ft2),

C _ thermal conductivity in BtuAPr.ftOp); and

aT/ax. thermal gradient in units of temperature (T) and
distance (x).

Tbe temperature of the boundary between liquid end solid
metal is the freezing point of the metal and heat of solidification
is being liberated at this boundary. The rate at whicb the boundary
moves is determined by how rapidly heat of fusion is being removed.

If metal is freezing against a large flat mould wall and
heat flow is normal to the mould surface, the thickness ex) of
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solid metal deposited will be proportional to the square root
of time (t), i.e.

xo<Jf

Thus, thickness, x (in inch) - K X {t

'"here,K, is a constant whose value depends on the mould material
and its thermal conductivity; and 't' is time in minutes. This

shown graphically in Figure 6. Theparabolic relation ship iEl
above equation13 indicates
the initial free~ing rate

that freezing begins
is very large 'since

at time to'
dx K1
~ 2ft

0, and

However, in actual castings, the rate of solid skin formation
is affected by the shape of the casting. Figure 7 sketches the
appearance of 60me castings which were bled at times shown after
pourinG. A bled casting is one in wbicb the mould ~s filled with
metal and allowed to partially solidify; then the mould is inverted
and the liquid remaining is poured out leaving a shell.

It csn be seen in Figure 7 that the solid skin builds up on
flat surfaces roughly as the square root of time, but that solidi-
fication is more ra~id at external angles. This is because the
heat is more easily diasipated at these points. Conversely, at
internal angles the solidification is slower. It can also be noted
that the shape of the casting results in directional solidification
from the thinnest section toward the heavier sections. The cooling
is controlled py designing the mould and by utilizing the intrinsic
design of the casting, so that freezing begins in those p~rts of
the mould furthest from the feeder heads and continues through
tbe ca~lting towards the feeder heads. The practical approach to
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directional solidification is based on a variety of measures
desisned to steepen those temperature gradients which lie in
favourable directions. These measures include the follo~~ng:

(i) The control of pouring rate and te~perature,
(ii) The differential cooling by chilling and

(iii) The differential heating with the sid of exothermic
materials.

2.22 Solidification time:
The influence of casting geometry is the main factor in

determining the overall solidification time of a metal or alloy
during freezing. Once the geometry of the casting is known,
feeder heads can be designed to maintain the supply of metal
throughout freezing. The ideal is to be able to predict the_
solidification time irrespective of the shape of the casting.

A notable step in this direction was taken -with the discovery
of the Chworinov Rule, which postulates that the total -freezing
time of any casting is a direct function of the ratio of its
volume to its surface area14 , i.e. the freezing or solidification
time,

t = K('y)2 where,A

v ••Volume of casting (cm3)
A • Surface area of casting (cm2)
K _ 'Constant ~ 2.:'\min/cill2

or t - where 11 Modulus (em)
Therefore, freezing ti~e, t(in min.) _ 2.1 M2
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This expression was developed theoretically and was found
to corres?ond well ~ith experimental determinations made on a
wide variety of cast shapes ranging h'o:n -plates to s-pheres. The
overall solidification time for a given volume of metal is thus
found to be greatest when the ratio ViA is a maximum, i.e. in the
case of a sphere, beooming progressively less for cylinders, bars
and plates. That is why, the shape of a riser should be designed
in such a way that it would lose minimum heat and keep the metal
in a ~olten state as long as -possible. This condition callonly be
met by a riser which is spherical in ahape. But in practice, a
spherical riser i8 difficult to mould and therefore, a cylindrical
sha-pedriser is most frequently used.

2.2} Solidification of Brass
Brass is essentially an alloy of copper end zinc, but for

some special purposes, smell proportions of other metals are added
to obtain increased strength, hardness and resistance to corrosion.
The industrially important alloys of the copper-~inc system contain
zinc upto 50% and are particularly important in view of their
wide-range properties such as:

(i) Mechanical propertiea,
(ii) Ease of working,
(iii) Attractive colour, and
(iv) Resistance to atmospheric

and marine corrsion
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The equilibrium diagram of copper-zinc system is shown in
Figure a. It must be remembered that the changes of phases which

is sho~~ in equilibrium diagram rarely reach completion during
normal rates of cooling. The main features of the system are:

Compositions between F and G solidify as .:x-solid solution,

usually cored. Compositions G to E commence by formingoc and
finally form so~e ~ solid solution of co~position H due to peri-
tectic reaction. On cooling to room te:nperature th.e amount of

the B constituent decreases according to the solubility lines
Gli <lno RN. Compositions behleen Hand J form a-crystals \Ihicb,

at 905°C, react with liquid of cOr:lposition J to form ,?-crystals.

O:l cooling, o:-cq'stals are precipitated from the,8 when soluoility

line fiN is passed. Compositions between J and K solidify asJJ;

alloys containing less than 46.0% zinc precipitate someo;:-crystals;

l.;hile alloys with more than 50%zinc preciptate ;i.-crystals on

coolinG to room temperature. The ">lnge of composition for the

three phases is shown in Ta"ble-1.

It is interesting to note that the solubility of zinc inoc-

solid solution increases upto 39%as the temperature falls to

453°C which is contrary to general behaviour; then decreases down

to room temperature. •

Between 453°C and 470°C the p-phase transforms to a low

temperature modification knownas p~This transformation is due

to the zinc atoms changing from a random to an ordered arrange-

Dent on the lattice.
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The properties of a brass will depend on the volumes of the

phases pres~nt and Figure 9 serves to show the general connection

bct'.;een the phases present in the structure and the properties.

'The tensile strength and the elongation increase in the 0;:-

region, the ductility reaching a :naxir:J.umat 30',0 zinc. The presenctl

of ti_phase causes "- considerable drop in elongation, but rapidly

increases the tensile strensth up to a maximum,when the alloy

contains all iJ. The strengths fall rapidly at the ap'Perapce of

the weak ",pdbrittle -d.-constituent. The resistance to shock

dccreases ',,'hile the hardness increases by the presence of jJ phase,

and the alloy becomes hard and extremely brittle when,]-phase

appears. Consequently the presence of the ~-constituent is avoided.

The only commercial alloy likely to contain ;l is one containing

50',0 zinc and used as a brazing solder because of its low melting

point. In bra~ing, however, someof the zinc is lost by volatilisati(

and 50",ediffuses into the metals being united. '/

The ~-phase is muchharder than ~-phase at room temperature

anG will withstand only a small a~ount of cold deformation. It

begins to soften suddenly at ~700C (i.e. disordered change) and

at 8000e is very mucheasier to work than C{" -phase. Thus it is

advant:aceous to hot work,lj-phase.

Anne~led O(-brasses withstand a remarkable degree of Geior~atioI

by col(\ work ;,'ithout the slightest sign of frr,cture. The impact

l'e"istunce of DC-brass at 350 to 650°0 is extre:nely poor, but the

resistance to creep at elevated temperature is superior to that of

0( - 1J -br~sses. Consequently there is no, appreciable adv<\ntage in
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hot working o(-brass,' except that when breaking do"m large ingots
lnto strip, the handling costs are reduced and repeated annealing
is unW3ceS.5ary.

2.2~ Nucleation and growth of solldification under normal condition:
llucleation is the ap;,eqr'Ollceof some points in the liquid

upon \Jhich further atoms can be deposited for the gro\,th of sclid
crystals. Nucleation occurs in the following two ways:
(1) Homogenous and (2) Heterogenous nucleation.

Eomo13enouS nucleation is the occurrence of ordered groups of
atoms forming small zones of hi~her than average density. These
embryonic crystals are ephemeral and unstable, but some reach a
critical si,zest whiCh they become stable and e;ro\-i.The smaller
the critical size of the nucleus, the higher the probability of
ho~"o[',cnousnucleation occurring. Under-cooling helIls in diminishinf,
the critical size of the nucleus.

In beteroge~ou5 nucleatlon tbe initial growth interface is
provided by a foreign partlcle included or formed in the melt •.
The foreign particle must be capable of being wetted by the ~etal,
forming a low,contact angle, and must possess some structural
affinity "ith the crystalline solid.

It is gunerally agreed that crystal growth starts in the
~oltcn alloy by means of heterogenous nucleation on some preferred
site or substrate that lowers the surface energy which is essential
for nucleQtion. Most commercial metals contain a sufficient number
and variety of in~oluble impurities for nucleation to occur at
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certsi~ d~erees of undercooling. If the numoer of effective nuclei
is insufficient for a given purpose, nucleating agents (nucleation
catslysts) may oe added to the ;nelt.

In the case of pure metals, once nucleation has occurred,
crystal growth begins and the structures that develop can be
related to the growth conditions, in particular to the undercooling.
For grol.rthto occur, more atoma must join the solid than leave it
and for tb:es to hap"pen, the temperature of the intorface must be
slightly below the equilibrium freezing temperature. This meSDS
that sorrreundercooling must exi5t if the growth is to c;dvance.

2.25 Factors affecting the nucleation and growth processes
Since solidification is a process of nucleation and growth,

anythins that influences the solidification process must i,nfluence
the p:::,occssof nucleation or the process of Growth or both. The
factors affecting the nucleation and growth processes are (a)
V~iation of cooling rate and (b) Nucleating agents.

(a) Cooling rate: If the cooling rate is increased, the Greater
is the amount of under-cooling of a melt which increases the number
of-effective nuclei relative to the growth rate. The wore th~
undercoolin5, the more extensive is the nucleation and the snaller
th~ grain size in the final structure. Slow cooling, conversely,
favours gro\rthfrom few nuclei and produces coars~ grain structures.

'l'hecooling rate of a caating can be changed by v"-rying the
pourinr;;tem?erature. High pouring te;aperature ia conducive to slow
ceoling, which reduces the nucleation rate and minimises the con-
ccntrotion g:::-adientin the liquid. There is also an opportunity for
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the re:neltinE;of crystallites transported from the surface region.
In practice, hov/ever, large size colu;nnar structures are favoured
by high pouring tClllperRture.

On the other hand, low pourlng te~per~tures inc~ease the
cooling rate of the casting throughout the freezing ~ange. '~rith
higher cooling rates, the degree of undercoolinE; increases and
more nuclei are available for growth ,,/hicheventually contributes
to the fOI'iJlationof fine equiaxed structures.

(b) ~ucle"ting agents: A nucleating agent is a substance which
can be intentionally added to make effective substrates that
facilitate the nucleation in the melt. The nucleant must be capable
of survival in superheated liquid and must be in a sufficiently
fine state of division to remain as a widely dispersed suspension.
The ~ost direct effect of the nucleating agent is the formation
of stable particles as nuclei in the melt, for which small addition."
are usually sufficient. A furthe~ im~ortant effect is that of
erowth restriction due to solute concentration cradients and
constitutio~al undercooling in the liquid adjoining the crystal.
Effective grain refinement in copper alloys is obtained from s~all
additiolls of iron. In certain cases the function of the inoculant
is to modify the growth rather than the nucleation process. This.
is consistent with ths fact that undercooling is associated with
the modification.

2.25 Solidification under centrifugal force
The effectiveness of centrifugal force in promoting a h~gh

standard of soundness and metallurgical quality depends above all
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on achieving a controlled pattern of solidification, this being
governed by the process used and by the shape and dimensions of
the casting. Hj.gh feeding pressure is no substitute for directional
freezing, which re~ainB a primary aim of casting technique.

Considering firstly the casting of a plain cylinder, conditions
can be seen to be highly favolll'ableto directional solidification
ow~ng to the marked radial temperature gradient extending from the
~ould wall. Under these conditions the central mass of liquid metal,
under high pressure, has ready access to the zone of crystallisation
and fulfils th'efunction of the feeder head used in static casting6(

The steepest gradients and the best conditions of all occur
lTI the outerQost zone of the casting, especially when a metal mould
1S employed. Another important factor is the length to diameter ratic
of the casting, a hiBh ratio ;;Jinimisingheat losses from the bore
th:'ough radiation and convection. Under these conditions, heat is
dissip~ted almost entirely through the mould wall and freezing is
virtually unidirectional until the casting is completely solid: the
wall of the casting is then sound throughout. This ideal is closely
approached when producing long, t~in walled tubes in metal dies

6(c)and an effective casting yield of 100% is sometimes attainable •

As the wall thickness increases or as the ratio of length to
dia~eter is reduced, however, radial temperature gradients become
less ;J~'onounced.Heat loss from the bore surface eventually attains
a level at ~hich the temperature gradient is locally reversed,
initiating so~e freezing from this surface. Under these conditions
a zone o£ inter?al porosity is ossociRted with the last liquid to
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freeze, being normally confined within a band of metal close to

the bore. To achieve a wholly sound end product this porosity

needs to be re~oved by machinig, an operation analogous to feeder

head removal in static casting. For this purpose an appropriate

a110',,'1".nce:~ust be made on the cast dimensions.

2.3 Centrifugal Casting

Centrifugal Casting is a special form of casting by which

tollov cylindrical shapes in particular maybe conveniently

procuced. Tl,e mould rotates and the "lolten metal is fed inside

and distributed around the ;;lould by the centrifugal action; rotatior

continues until solidification is complete. Whenthe molten ~etal

is poured into rotating Ina"] ds, during freez,inG each layer or

metal is subjected to 11p::-sssure gradient across lts radial thick-

nesseG such that the pressure is maxialUillin the outermost layer

and minimUlilin the innermost layer. Actually this pressure gradient

assists the removal of gases and also llI'lkes the casting more d<onse

and sound. The use of gates, feeders and cores etc. is eli(ninated

in this casting process.

2.31 Frincinles of Centrifugal Casting

The centrifugal force produced by_rotation is utilised in

two ways:

During pouring the force can be used to distribute liquid

rnatnl ovar the inner surfaces of a :nould forming hollow cylinders

and other annular shapes.
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The force is used in t"e development of h1.gh ;Jressure in the

casting during freezirg. This assists feeding and accelerates
the separation of non-metallic inclusions and precipitated gases.

The c[;sting of a plain pipe or tube is acco:nplished by

rotation of a mould about its own axis, the bore shape being

produced by centrifugul force alone and the wall thickness

determined by the volume of metal introduced.

In the centrifugal process a casting solidifies and cools
In the contrifugal field of forces. The centrifugal casting cools
both on the outside (the surface in contact with the mould walls)

and on the inside (its inner surface) "5 a result of radiution

and air convection. This ~ives rise to convection currents in the
liquid metal, a cooler and, hence, denser metal moves from the
inner surface to the ~ould walls, thereby effecting solidification
of the castin3 in the direction from the mould walls to the inner
surface.

But intensive cooling of the liquid metal due to convection
"-ndradiation lrom the inr.er surface leads to the growth of
crystals which move towards the ~ould walls under the centrifugal
forces. The crystals growing at the mould walls have an ~~Dle
supply of the liquid ['Ietal,so that they grow in a direction
more or less perpendicular to the melt motion. These features
of solidification are favourable :or the formation of a ti~ht-
grained outer 8urfsce of the casting. The light Darticles SUch
'as slag substcnces, non-metallic inclusions, and gases move to
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the inner slll'face of the casting; this process also aids in

p=,oducins a finer-grained structure and tends to give better

mecha.nical propertie 5.

2.32 Classification of centrifugal Casting

centrifugal Casting is divided into three categories:
1. True Centrifugal Casting
2. Semi centrifugal Casting
;;. CentrifuE',ing

(1) True Centrifugal Casting: In which the casting-is spun "bout

its O~TI axis; no risers are requlred and no central core is needed

since centrifugal force forms the inner dia~eter of castlllbs such

as pipe natu~ally.

(2) Semicentrifugal Casting: This process is also kr.Oh'D as profiled

centrifugal casting. In this :rrocess, the mould is :cotat",d about

its vertical axis shown in J:'ig.10(a)and the centre of the casting
is ~sually solid. The central cavity in such cases is fanned by
machining out the central solid or is for.ued by usine; a central
core and pouring the metal around it. semi centrifugal casting is
usually preferred for castings which are symmetrical about a
central axis, for example, gear blanks; wheels and discs. In
practice, the mould is rotated at a speed which ,rill give a linear
speed of about 600 ft. per minute 15 "t the out"r edr,e 0:"the
castine;. As a result of this low speed, the pressure de\'elo"?ed
is not high and, therefore, as cc~pared to centrifugal casting-,
the impurities are not rejected towards the centre as effectively
as in the true centrifugal casting.
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(3) Centrifuging: The main difference between true centrifugal

or semincentrifugal casting and centrifuging is that in the case

of true centrifugal or semlce~trifug~l casting, the axis of ~ould

coincides with the axis cf-rotaticn whereas in the caE8 of centri-

fuging, tho «xis of rotat~on does not coincides 'o'Iij;hthe axis of

the Dculc. out it coincides with the axis of the ',Iholeasse::tbly.

In centrifuging, several mould cavities are located around the

central feeder which feeds these mould cavities through radial

gates shown in Fig.10(b). In this case also the stacK moulding

can oe advantageously employed.

2.33 True Centrifugal Casting Technique

The ludest application of centrifugal casting is for the

production of components which are essentially cylindrical and

therefore euitable for casting by the open bore or 'tr~e' process.

Such castings are utilizec in either of two ways. Many tubes are

used in the as-cast state. These can e,'llbodylimited taper or

si'nple ex,;ernal leatur"s, although the latter Cllust,when casting

lil~etal dies, per~it extraction of the casting. True centrifUGal

casting is also used for the pwnufacture of plain cY,lindrical

blanks or 'pots' for the productlon of rlngs, bush"s [<nd other

annul[.r components by :;)achinine,.

'The maln characteristic of the true centrifugal casting is

that the ay~s of rotation of the mould coincides with the axis

of the casting and the formation of a central hole through the

casting takes place by the centrifugal force•
without the use of
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a C8ntral core. The axis of rotation of the ~ould illaJ" be horizontal
overtical or at sOllB other convenient angle between 0 to go • The

axis of rotation mainly depends upon the

L len~th of the '00 ratio of the tube. The followingD ore of the Job
practice is usually adopted:

Axi s of rot;;.tion

F" L > 4 Horizontal
D

'. >
L > 1 AC 0" angle between 0" c" 90"
D

L <, V"rtical
D

liorizont[.l axis of rotation;
Horizontal axis of rotation is more com;non in the production

0: castings having tubular shape, such as water pipe, gun barrel
etc. In fact, when the liquid metal is introduced in a rotating
horizontal mould, the metal is di,stributed over the inn€r surface
of the mould. nue to the high speed of rotation, the friction that
is set-up between the liquid metal and the mould material allows
the liquid metal to be evenly distributed and the inner surface
of the casting assumes a cylindrical shape.

There are two principal horizontal axis centrifugal casting
processes available in the literature.

1) De Lavaud process, and
2) !lecre sand spun process.
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'.•he two methods are pri.lJcipallythe saene, differing only
in cietails of mould construction and the method of introducing
the metal.

~avau{l process: This is the roost popular method for the
production of socketed cast iron pipe~6 in :netal 'lloulds.In
tr.isprocess, illustrated in Figure 11, a long pouring srout,
supplied frOID an automatic ladle, is initially inserted to the
far extremity of the mould, a forged steel die enclosed ~n a
\-'3-tercooline; jacket. As pouring proceeds, the rotating mould
is ,...•ithdrmm over the al'0ut 50 that the lletal is laid proGre-
ssively along the length of the mould wall, control bein~ achieved
by synchronisillE;the rates of pouring, mould travel and ;:lOuld
rotation. The casting is extracted as the mould returns to its
orL~inal position and its accuracy is checked by weighing. High
rates of output are achi~ved, each mach~ne producing a casting
every t-,lOrninute.5.The fastest ou'::-putof all, ho ....•ever. is attained
lTI thClproduction of rain,,'at:erl'lpes using a sim.plified variation
of the pipe casting process In which several moulds are circulated
through a number of stations for coating, casting and extr2ction;
rates of over 100 castings per hour are achieved.

Moore sand .5DUnprocess
~ith the slower rates of cooling obtained in sand moulds,

fluid alloys can be poured without the retractable spout system.
'lObeMoore 15 system employs a sand lined mould, driven by a
varia:)le speed notaI': the process is especially suitr.ble for large
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pipes req,ured ~n small quantities. The metal is introduced
into the ~ould by a pourer and a controlled tilting mechanism
Il.tthe raised end. At the "beginning of pouring, the :nould is at
its :naximUliltilt position and the speed of rotation is minimuIll.
~\hus low speeG is ma~ntained during pou~'ing hut -ehe :::wuldis
steadily lowe~ed into ;lOr~zontal position. Once the horiz,ontal
position is reached, and the pouring has ceased, the speed of
rotation ~s raised depending upon the thickness of casting and
is maintained until the solidification is complete.

The horizontal axis machine is suitable both for tubes and
l'OJ.'Jong pots production. Since heat loss from the bore is lower
than in the case of short j>ots, a .smaller machininf, allo ...;ance
suffices to clean up to sound metal CLnd a hiEber yield can be

schicved.

2.}l1-Characteristics of Centrifu~al Casting

The main quality characteristic of centrifugally cast
material is the high standard of ~oundness arising from the
conditions of feeding. This factor is predominent in the
improve~ent of properties relative to those of statically cast
material. To this advantage may be added a degree of structural
refinement, affecting grain size and the distribution of :nicro-
constituents. The extent of this depends on the particular
process. The ~ost important contribution to refine:nent is rapid
cooling in metal moulds, but other factors include physical
disturba~ce in the liquid ~n pouring and rotation and the ability
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to achieve satisfactory metal flow using lower pourinG tempera true 5
thUJ '.wuld"be llecesRary in the "bsenee of centrifuGal pressure.

ReflPement is greatest in t;:ue centrifugal castings :naGs in metal

dies, whilst p:,essu~e castings show li'::tle structural d.ifference

from static castings of sl'lliiar .~hage: the ga:11emay be said of

the degree of freedom from non_~etallic inclusions and random

defects.

The macrostructure is subject to similar influences to
those governin.g the structure of static castings, the importa.nt

factors being alloy constitution, the temperature Gradients and
cooling rates induced by the thermal properties of metal and lIould,

and. conditions for independent crystallisation as affected by the

motion of the casting. Alloys undergoing dendritic crystallisation

ar"2 characterised by regions of coluTInar and equiaxed E;l'O'.I'th.The

fe.c-;:or in the CHse of centrifugal c8sting is th€ relative <:love:nent

of liquie. "by sllp dUL'inE';ilccelerat:Lon to the s"l'eed <Jf the mould.

This hCl.sbeen hele. in some cases to jJL'orn.otecoll.LTInarbro","th by

disturbance of the growth barrier of solute rich li'iuid at the

interface. The overall effect of ;notion on structure is, however,

cQ[,.plex, since vibration, di[Qlnution of thermal r;radients in the

li~uid, and the possible fragnentation of dendrites can also induce

the In.:.cleation of equiaxed r;rains. A further effect of lr,otion is a

tendency for columnar gr~ins to be inclined in the direction of

rotation, evidently due to the movement of undercooled liquid

towards the dendrite probes .

.rhe st;ructures encountered in a la.rge number of individual

alloys, particularly the zones of colu~nar ~nd ecui~xed Grai~s
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occurring under'" wide runge of conditlons were described and

expla:;.ned by Northcott17" In practice t~e ;;)os~cconsistent influence

is tlmt of a low ;)OUrlng te:a;)erc;;;ure in producinc; i;2:'ain refine:nent

and equiaxed structures, ',milst sOrne".;~lathigheL' teQ)leratures tend

to ?romote columnar p'air,s "XcI suppressing nucle ..~tion and increasin,

the radial tenperature gradient towards ~n optimum level.

With respect to properties, centrifugal castings have been

fI'8quently compared with forcings. lluc1<ili ty is in f';ene:::-allower

than in forgings, but there are ~3ny instances where a centrifugal

casting has satisfactorily fulfilled the same function. At elevated

temperatures the cast structure offers positive advantages with

respect to creep stength18

Huch direct evidence is availa'::lle of improved properties

co~pared with the normal run of static castings. A rems2:'xable

.

feattu'e of the mechunical properties was tohe 10",'-ciei.;reE'of scatter

COllll';;.redwith that usuall,," obtained in sand castin"s: no '.'Ieak

zones \"ere encountered and high elon~ation velues testified to

the Qegree of soundness achieved Little difference was obse~ved

bGtween circumferential and longitudinal propert:i,es in annular

castinE;s.

2.35 Advantages of'Centrifugal Casting

Pouring into a spinning ~ould and solidific~tion of the

casting in the mould rotating under centrifugal forces are the

factors ~hich deter~ine the basic advantages of this castin~

method. These advantages include:
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a) It is a economical process for making hollow interiors in
.£yli)"]u""'"r"""' _

No core is needed to form the bore as in static castinE;
since the rapidly turning :llouldcauses the melt to r:loveto the
periphery under the force of rotation. ~limination of.gates and

risers is possible.

b) Casting is cleaner:
A function of centrifugal force is seen in the tendency

for non-metallic inclusions to segregate towards the axis of
rotation. Centrifugal force helps in forcing ~olten metal Quickly
into moulds to prevent premature freezing and also assists ~n
proper directional solidification, so that a high standard of

freedom from inclusions is achieved.

Owing to the pressure g~'adient within the castinE, nucleation
of dissolved ~pses to form bubbles will occur if at ell} in the
bore region, ,,;"1Cr8the gas can escape nHlciily frCGl the castiag.

c) The process prqduces qU81itv products:

Solidification of thc metal in a rapidly rotating ~ould
results in a fine-grained structure, free of gas and shrinkage

cavities and porosity.

2.36 Apnlication of Centrifugal Casting

Exa~ples of components produced by true Centrifugal Casting
are listed in Table 2. Amongst special products produced by cen-
trifugal casting are bimetal tubes 8nd composite products.
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Bimetal t~bes- Alloys of widely different properties can be
combined in a single structure by successive ;:louringof the two
alloys under closel;)'controlled ~onditions19 the time interval

before the second pouring operation being critical. Alloy combi-
nations are restricted by the relative melting temperatures and
the danger of excessive remelting of the outer by the inner layer,
but in a suitable case a metallurgical bond is achip.ved ~~thout

this difficulty.

Co:nnosite Tn'oaucts _ Centr~fup;al eastinp; esn be u'3ed to line a
structl.<I'alouter shell with an alloy of special properties. A
not~ble caec is the production of white metal bearinGs by pouring
the 10\'1 molting ;Joint bearin" alloy into tinned outer shells. A
further example is the spinning of cast iron friction linings
into steel castings for the production of aircraft,br&ke drums.

2.4 The effects of process variables on Centrifugal Castins

?he ~ain_variables controlling the casting quality are the
speed of the rotation of the mould, the pouring temperature of the
melt and the solidification time of the casting. These are describe,

below:

2.41 Speed of rotation: ~he speed of rotation of the mould is the
main governing factor influencing the fundamentals of the process.
Rotational speed exerts an influence upon structure and properties
of the casting, the most common effect of increased speed being
to pl'o:r.otcrefinement, althO,,"',hth~s Ciln ~lso rise froJ! turbulance
induced by inst<J.biJ.ityof the linuid maRS at very low speeds. On
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balance, to secure maxinum benefit from centrifugal casting, it
is logical to use the highest speed consistent with the avoidance
of toaring. The main factor also considered in true centrifUGal
casting is retention of the bore shape against gravity whilst

6(b)avoiding longitudinal tearing through excessive hoop stress

lio•.•.ever, it has been
,

fOund that density has 30t a tremen-
dous effect on the selection of 0l'ti-awnspeed to o'Jtaln the :lest
quality product. In fact lo\"er the de[]sity, the hie;:18rthe rp'"-
required for oest result and vice versa.

2.42 Po~'ins temDerature: Pouring temperature exerts a major
influence on the mode of solidification and needs to be determined
in relations to the type of structure required. Low temperatures
are associated with maximu~ grain refinement and with equiaxed
structures, whilst higher temperatures promote col~~nar gro~~h in
~any alloys. Youdelis and others20 'found that employing high
pouring temperatures f~r certain alloys result in an increase in
grain size and a oonsequent deorease in tensile strength and
elongation. Simi.lar observations were also made by othel'
. t. t 21lnves 15a are •

HOI'lever,the pOUl"ing temperature must be sufficiently high
to ensure satisfactory metal flow and freedom from cold laps
',;hilstavoidinG hot tearing due to excessive supe .•heat.

?'1-3 Solidi,fication time, Longer solidification time is conducive
to sloH cooling, which reduces the nucleation rate and ~inimises
the concentration gradlent in the Ij,quid. It also increases the

radial temperature gradient towards an optimum level. In practice,
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cr:ese effoGt5 lJsually p1'edoOlinate and oa1ullna1' coa;r.'sc "L)"uc1;ures

'-'I'e favol\red.

"in", ec:.uiaxed structures, an the .ocher hand, en,,01JPDp;ed

by ,;horter soliCification time, '"hieh llot only incre~,se the

nucl(!"tion rate but also produces CXh"\Hlleulld8rCooli)~C; fa'.'Durinf<:

the fo=ation cf many lluclei. C01"U',10"1'gl'()-.ofthis thu's rcstrictec,.

2.5 'I'he effects of heat-trp"t'Jent Oll 'sra.os:

Cast brass sho-"'s'a dense dendritic strueture and ""hen it is

fully anncaled th~n these dendrites ,-,isappear c.nd srain bound<lries

'JeCOI:lepI'o;uinent. Also unJiforrnly distributed pores lere visible

acrass the entire matrix. If partial anncalin5 is carried aut

then traces of coring are found in the structure. Kaw if the cast

b.:-8.s.sspecimen is subjected to full defo:m.ation 50 that it beco:nes

~ork hardened, and is partially annealed at 600°C an~ ~eld

minutes then recrystalli~ation with traces of coring takas

for 5
22;Jlace .

If thesarne GefoTQcd speci~en of brass is annealed fully anG hold

9.t a lOl:p;er length of tlme (say 1 1'.0\1]') at the annealing te:;JrClr'a-

tUI'e of 8000e ::hen t-"inne~ ecuiaxec. grains are fOllnd in the

struc~ura23. Agi,in, if tl-,e same specil:len is partiall;!, defarmed

a::'.clthen annealec. hent twins and strain be-nds are visible In the

rillcrograph.



EXTERIMZKTAL SET-UP,.. =~===~=~=

,.1 Introciv:ction

The cxveriqental set-up was reconstructed after ~odifying
4

SO.l1eof the comronents of previous unit. The detail de Gcri"ticn

and operation of the present set-up are given io the followioG

sub-sectioll.

,.2 Description and operation of the experimental set--up

The expcrimental set-up [[,ainly consisted of a pC:mla.nent

,nould, a. hollo','! mild steel shaft, C\ four '",heel trolly with [l

ladle and a ladle holder, (l he,,1ispherical spout a gau>,;e rinf;

and a llotor. Details of the experimental set-up are shown in

F::-gure 12.

The Tcrmanent barrel like mould was made of cast iron and

was horizontally inclined with the three feet long' ~ild steel

shaft. Thc dimensions of the mould were; 1l"ngth-14", outer

dia:neter-G", thickness-y..". In order to ease the re~oval of the

product, the ~ourillG end of the mould was made slightly larGer

i:l dia,~eter and [!, ring was fixed at the end to hold the casting

within the mould while it is in Illation .. :rhere were two slots on

both 8nds of tho shaft-one 1.or key arr>lngeOlent with the flan[,;e

and another for locking ',.IJ--;;hthe ,lUlley.

A 1''' bore was made throughout the entire lenGth of thc shaft:

and a mild steel rod was inserted through it for holding the end

plBte ,iithin the ~etallic mould. 'l'he end plate was usee.. for deter-

rui.nins the axial length and ejecting the casting from the hot :noule.
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Trolly was an essential part of the cxper~ental set-up.
Its main purpose W5S to make an ar~ement for uniform and
regular pouring of metals and alloys into the rotating <nould.

It could move backwar'd and forward on two rails. The di<nensions

of the trolly were about 1;;" 10n5 ana. 12" wide. About a two feet

long hewispherical shaped spout lined ',-lith fire clay was attached

wit,," the trolly. The hei(;r.t of the lonG 5PO\Atw&s such that at

the instant of ;,aurillg 50'1\8'nelt ....•ould have split out. In order

to prevent this, the hei"ht of r,emispherical spout was increased

by 2" on both sie-es and sub~equently fire: cla;}" linine; was pro\'ided

\,ith a view to reduce the heat loss. It was r:l.oved on a slo>,y ;;:-5i1

track and its entry into the mould could thus be regualted. The
Dbin function of the spout was to ~ransfer the ~olten ~etal into
the rl'volving mould uniforrtlly from the ladle Fig. 13(a) which was
plbced above it. The ladle (capacity 30 los) was made of ~ild
steel sheet over which f~re clay lining was imparted to withstand
t:lasr,ivetherrn-alshock. It '0'I8S an inverted. conical t;ype with a

"lopy bulge at the rim to f"cilitate }laurinI':'

'rhe ladle holder, made of cast iron pipe had a bracket end &

an extended ;,andle to eDse the "aurin£';,:,anuDlly:yet safely by
si;npl:yl"otating the hallule. 'the length of the hDndle wae extended
to til~ the ladle between C to 90° by simply-rotating the other
end of t~e handle from a far distance. ~he arrangement also avoide
the risk of having any split of melt from the rotating ~ould.

The gauge ring is eillployedto determine and maintain the
l'equired thickness of the product, shown in Fi(';Ure1}(b).
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A 7 3.P. electric IQotor .•.••e.8 used. :'01' rotating the castin,;

",achlne and its speed ~;"sabout 2800 revolutions per .'TIinU'[8.

Ho',;cver, tr.e required spinning speed: of the ffiould was achleVec.

by changing the pulley's d:iameter cor;m'cted with the sh"ft of

the machine utilisir:::S a V-belt. '1'his s:;eed w~s "'"niI'. comparf!d

a"d ::-ecorded ',;ith ~he help of a Digit"l T"chometer ',.;hieh "ave

the nlrect ~eRsuremcnt of the speed. The V-belt worked as ~
medium for transfer of: power form (notor to the shaft of the castin[!:

rr,achln". 30',;eve1', for the present inves;;igation the nOllld sI'eed

was used as 1800 rpm, 11ecause this speed p:R.ve best r"sults for

brass cast:Lllg4-

3.3 Cooling c.evice:

Cooling water for quenching of the rotating mould was

supplied from a mild steel contai~er wlth a rec~angular cross-

section in the 1'or1l1of a bottom less trough at the top (FiS. ~L,>.
The lo','!'r pEcrt of t;CQ container was made in t;,() form of Oltnln-

cated inverted PTI'wtlid '""elded to t,.is ~'[,ou5h. l'hi,~ inverted

pyramiQ had aiso a ~erforated base Q~vicg a rectangular croc,,-

"ectlon thr()ush ',,;hich cooling '""ateI' could he sprayed to the

rotating mould placed at the, botto~.

The supply of -,'.'ater could be stopped by t)\~tting a flat

stopper over the -perforated "rse \>,her;ever necesc;ary_ The arraIlE:e-

mont was such that when the container was full of water, the

stopp",r could- "be turned on to ,~ake tho water fa2-1 or. the rotating

~ould 88 n8cc53sry through the s~all pores. The flow-rate was



controlled by regulating the water t3p which co~tinuously

supplied water iroo the pipe line into
, .

the conta~ner. Thus, a

constant level of water could be maintained in the container.

In orQer to facili~ate the removal of the stopper easily, q~icyly

and 13afely from the base of the container, a handle ma;le of mild

,:,'teel .,.;as attached to it. The container with about two (.;allons

of water re13ted on four legs (:uade of '".s. angle) which ',JETe

placed safel;]" on the ground at a distance of about )?" from the

rotatinG mould.
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4. EXPERII1EWl'AL DETAI,LS

4.1 Introduction

A series of experiments were carried out with Brass in
order to determine the effects of freezing time on the micrDstruc~
ture and properties of the centrifugally cast products. In order
to achieve t3ese objectives, a centrifugal castlng machine with
per&anent mould, special cooling devic~ a natural gas fired pit
fl~ance, a trolly with crucible holder and a hemispherical spout
etc were u:oed.

4.2 Moulding Materials

Cast iron mould was chosen for the centrifugal casting machine
because the custing conditions are more constant and controllable
with this material. The casting cycle was kept constant in order
to maintain di.:lenslonalconsistency. 'I'hemould was dressed with
graphite powder along the gauge length and preheated by gas torch
before pouring the melt.

Green sand waG used as.moulding material for making sand
mculds. The properties of the moulding sand depend on, its compo-
sition and the manner of its preparation (mulling or milling
co~ditions). In the present work the moulding mixture consisted
of natural silica, clay,coal dust to which 4 to 6% water was used.
The A.F.B. fineness number of'the sand was measured by Tylor's.
Si8V() Shaker and was found to be about 56. The same sand was also
used for making the core.
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~., ~elting ~nd Casting:

Local ,brass scrup consisting of water taps was taken in a

graphite crucible and melted in a natural gas fired pit furnace.

The addition of heat continued beyond the melting range of the

brass which is about 1010°0 - 10,00C. After raising the tempera-

ture of the furnace well above the melting range of the brass for

sufficient time, the crucible was removed from the furnace with

the help of a clamp having a long pair of arms. The molten brass

contained [J, hUBO 'luantity of sl"g and in order to ,reraove these

slags the addition of flux became imperative. Therefore, Foseco

deoxidi~ing tube lDS-2)- one tube was .dded into the crucible

and stirring continued for sometime. Then the melt was poured
into the sand made ingot mould and the molten brass was allowed

to solidify in the form of tapered ingot each weighing about

10 Kg. After solidification, the material was tested to determine
it's content. The material was analysed in the laboratory and

obtained a co~position of .bout 7~ Cu, 25.5% Zn and 1.5% Sn.

'l'hisbrass ingot w.s melted in the pit furnace in the same

manner a~ before. After me~ting, the crucible was removed and

skimming from the top of the melt was necessary prior to pouring.

The ~elt was then poured ~nto the ladle fitted with the trolly.

By revolving the long handle, the ladle was tilted and the melt

was poured into the mould at about 10800C, while the mould was

rotating at a speed of about 1800 rprn~
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After melting the charge the temperature of superheat and

pouring temperature were measured with the help of a Digital
Ther;nometer ';/hicb gave il direct reading of ::!:. 2°C accuracy. In

order to ;naintain a high degree of experimental accuracy for all
ex?eriments, it was necessary to take note Of the desired pouring

tempera ture.

Sever"l castings \;'ere car-ried out in the present investigation

~sing the centrifugal casting process sDlidified at various coolinS

rate and also us~ng the convention~l sand casting process.

Sach casting was individually ma~'ked for identification as

s:~own in Fii5ure 15 and the lIletilllographic speci:::tens were identified

with a viorotool to avoid their deformation.

4.4 Process Variables

Among the various process variables which affect the quality
of the casting, only the effect of freezing time on the structure
and properties was studied in the present investigation. This is
briefly de~cr~bed in the following sub-sections:

4-.4-1 Varia'cio)lof free?,ing time:

After bringing the centrifugal casting machine in operative
ccndition, t)l"variation of freezing time on the casting ".as
achie'/ed u,;~nG the fcllowing procedures

(i) by delaying the solidification process with the applicatio
of heat using ",",sflame around the rotatJ.ng mould.
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(ii) by spraying cooling water through special cooling

device around the rot.ting mould which promoted faster

cooling.

In t:'1e first stage, -:;',010 experiments were c.rrled out. Firstly,

the mould was preheated to about 100°C and the melt was poured

into :-he rotating mould. When the casting solidified, it was taken

out. The second experiment was carried out when the rotating
o~ould temperature was about 400 C.

In the second stage, the third experiment was conducted at

about 20°C. This was achieved by applying ice cooled water around

the J'otatlng mould. The solid ice was put into the funnel and water

".~Spou::,ed on it, as a result the water temperature came down to

about 20°0. ~he water spraying was continued until the casting

bec;>,mesolld.

Another experiment was also carried out (fourth one) with

SR"leID"terial in the convention.l sand r:lOuld (static). This ".as

done only to compare the results with those obtained in the

c"nto.fug",l castings solidified either at longer or shorter

fl'''''' Zillp; ti.:.1E'.

4.4'::: Calculation of freezing time:

The freezing time was calculated using Chworinov formula

III the followinc; way:

Vol~ne of the hollow cylindrical casting,
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SU1'face area of the casting, .Ii. ~ Outer surface area + Inner
surface area + Area of two

end faces

Heigllt of the cylinder • 27 "
O'.lteJ' diruneter of <he cylinder • " C~

Inne,-: diruueter of the cylinder • 9 con

Modulus, V
M " A

• 4.25.25
355.~

~ 1.1962 em

Solic:.ification time, t (in Min.) ~ 2.1 x M2

~ 2.1 x 1.4309

t • }.OO mins.

The l'rc,"zing titLe for the casting of present investigation

"as found to be about }.OO ~inutes. Since the Chworinov rule holds
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good for sand casting, therefore the solidification time for

~he casting in rotating metal mould must be less and should be

further less when cooling water was sprayed over the rotating

mould. Thus, the solidification time should be less than 3.00

mi~utos for either oases. When the mould was heated upto 400°C,

:to -;;hi5 ca"e it i" very difficult to envisage about the deviation

of ~;olidification time but the structure and properties of the

castj,ng wo\,ld respond it better.

4-.5 .!l0at'L'reatment

Alt"ough a nU"lber of heat treatment process can be applied

OIlb),'dsSbut in the present work only the effect of annealing on

the nl:t.c:,:,o-structuresand properties was investigated. Annealing

process for brass is described below:

Annealing of brass was accomplished by heating the specimen

to 10000F (538°0) in an electric autometic control muffle furnace

and holding it at that temperature for 1 hour and then relatively

5101', coolinG to room temperature in the furnace. Except for Alpha~

betJ :,lloY.Gilne!:cel'tain precipitation hardening alloys, the rates

of he,'.t:ingand cooling are relatively unimportant for brass

After cooling to room temperature, the specimens

were removed from the furnace and were studied on the basis of

their "licro-::;tructureand properties.

Metallographic specimens were prepared from the cast hollow
cylinders made or brass and solidified at different coolins rates.
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'Ihese; '_-Ie.•'[; polished in the usual manner. F~nal polishing was

eiiI'~'j_c:dO'-lt \>'ith fine alu:nina powder (0;1 micron) by hand. This

was necessaL'y to l'emove the micro scratches from the specimens.

The orass specimens we~e etched in a solution of 20 ml Nn40H

and n few drops of freshly made H;P2 (3%) by swabbing the specimen

for 1 ,~inute.

The Dlicro structures of various specimens were examined undar

o],tlcal llin'oscO::Je to see the structural difference at diff'erent

""'.E;l);.fie-ations. ",'etzlar Universal microscope and Swiftmaster

phot(,!~rD.rhic :nicroscope were used for the examination and photo-

r;raplu_~ally recording of the representative microstructures,

~espu~:tj_'_'ely.

4.7 ll~'~O';;linD.tlon 0'::Mechanical and Physical Properties

P~operties like ultimate tensile strength (li.T.S.), % elongatio~

and hard.ness were determined for various b~ass castings. The detail

procedure is given in ths following sub-sections:

4,71 Detelmination of Tensile Properties

'r8n~ile ~;es::ing was conducted using a 24 Kg Hyd.raulic tensile

~estjn6 machine with a 6crew type operatinG cylinder using 15 N

scale. A ~cheillatic diagram of a gripping device for threaded-end

spec;!aonr, ',las shown in Figure-"16. The standard 0.25 in (6.25 mm~

specimen with dimensions shown in Figure- :15,
27testing of verious b~ass specimens. The

D.T.S. in newtons per square m~ and percentage of elongation were

o':>tained. 'l'he results were averaged from three determinations.
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4-.72 EardneSE Measurement

Brinell Hardness testing was conducted using Avery Brinell

hardneso testing machine. To determine the Brinell Hardness of

.the 3~'ass casting, 10 mmdiameter indenter and applied load of

1000 Kl~f were used. The Brinell hardness number (BRN"),,'as

calculated from the following equation

BEN ~

where,

P

7TDQJ
2

~ ~ applied load, kgf

]) ~ dinme'.::er of the ball, ffi<rl, and

d ~ ~ean diameter of the impression, om.



5.1 Introduction:

The entire result was divided into t,,'o pheses' foC"the

purpose of comprehensibility and convenience" The first phase

com;Jrlses the -results of the effect of freezing tiCle on the

rr;icrocopic observation of the cast specimens and t~e s<>com!
,

:Jhase CO;lprlses the results obtalned frO.1Ivax'ious properties
,

of the cast specimens for ~oth the as-ca~t and annealee. condition.

These results ars expl".ined through e.iff0rsnt fi(';\lJ::'E's,U,blc5

ond micrographs:

5.2 Mi~rosc£plc observations:

Mctallographic stuciies of the specimens for 'oath "s-cas"

"nd DlJrwaled conditiollS are furnisr.ed below:

5.2', As-clist cOllc.itioll:

!'1icros~J::'llcture of the centrifugally cast brass solidfied

at ~o~ld te~perature o~ 20°0, shows ~ine eQuiaxed grains, whereas

the castings sollc::'ficd a't 150°0 and 400°C show larger equiaxed

to 19 ). It can also be seen that there js no

existanoe of an;y der:dritic [,tructl:res in the m.iorographs. 'i'he

aye:rage p:r"in size of the castings Eolidified at 20°0, 150(\C ~ne.

On the other hand, the miorostructure o~ the convent:l.onal

sane. oast specimen shows fir-tree like massive and dense nendI'it~s

CEig. 20 ).
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5.22 ,'.ll,,<'lale,,-Gondition;

Mic.:'ostructu::.'e of ;;he centrifug'llly cast brass solid] fic'd

and 23 respectively. It c~'_nbe seen that the ~rain£ of all ;;:~c

spe>cimens ore quite large and almost similar in sizc. Strain

oauds are al so visible in thE! specimens. In sand cast Sl,ecime)l

t::-aces of corlnr; are -prominently visible near the g.:-ain oClund"l'.:.es

O'ig. 24 ).

The cO'llparature •results of the grain' size rne'lRUrement" [or

as-cast and s'luealed specoimens are shows bulow:

[S'd Avera.r;e(?rain ,
Tc:nperature SlZ 'HcrOll'

(OC) Ac cast "~nn8alec

20 3 20
, 50 'c 22
+00 7 22

~

5.3 Tensile tcs~s;

'l'e!lsile test results of the specimens for both as-ca~;t

annealed. conditions are r:;raphically shown in FigIJ. 25

26 ,and Rr8 sUlI1CleJ'isedin Tabla-3. Dcscribtion 01" the> .,,'oe\11 ts
'ire Curni.slJed heJ.ow:

5.31 Ao-cast Condition;

hie;her~ucc .c. l Ss~lidified at mould temperature

It lS noticeable from figure"26 that the I;ensllrc "treE:-;th
of the



tflC'.,;those ai' the s]JQcimc:ls solidit'ied at 1500::; and 4-~)OoC.It

i" ,,1sc noticeable from .f;<g\lre 2Q 1:IL,t the percer.taf,e elonr,:\~ian

lS hlp;her in ccse of t:'1e repidly solidified speci'llen cJ:Jl?"rsd t,)

tele othccr two specim.ens solidified at higher f!lould ter~p"rr,ture5.

5.32 Annealed Condition:

It can be scen fro:n figure 25 that the o.:"ter 2,Jnea.1irl;

the strength

?l'opor~ions.

all the 5':lecimens increased alc.lOst in .sirr.ilar

Fro'll fieu:::e as it can be seen that the porcen'tofYc elon,:,-,ti()'l

cf all the speci.mens increased due to annealing Jut the r"te of

increa'llon ~5 '10:::'13 promcunced. in case of the rapidly cooled sp' ci-

'!leI' DO:ilparedto others.

Co"parati,'e .p'J'olts of te!1sile propErties of l;h~ as-';act

"nd "nnoaled specimens are si10ViTlbelow,

l'1ould UTS 2 (,,,\(rl/:n.a :":longation " ,'1'er.lpe::'Dt ure
(oc) . As-cast Annealed As-cast Anr.eCl:Led

20 312.0 331.6 21.0 5'1.0

150 300.5 320.5 18.9 .35.0

'00 24-0.0 262.0 15.0 20.(\

5."- Hardnes.s:

Hardness test results of the Fpecimens .for as-cast And

.'l,,::;ealed. _'ondition eire graphically .shownin Fig. 27_ and are

surn,rrerised in 'I'ab1e-3. Description of the results are furni's!lerI
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5.4-1 As-cast conciition:

Hardness value of the specimen cast at lower m01l1d teope-

rature sh,-,ws hir,her value than those cast at higher ~lOuld te~lpe-

~'atures Uig. 27) •

.It CBn be seen from tilC ficure 27 that hetrdne'OHViJ.llJC

of all Lhe specimecG are inc~'eetsed aft.er Clnneetllng.

C071psr-ative results of the hardness test of the nS-C(\3'!'

etnd eLnnealed specimens a:::-egiven below;

-
,'jould H[lru[]css (BRN)
-TeClperaturc As-cast Annealed(cO'

20 70 78 ,
150 65 73
400 ~i5 63

j
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6. DISCUSSION OF 'T'IIE ['..LSC)l,TS

6.", Introc.uction:

S1:rUccure and -prcpertJ.es of centrifugally, cast ,:/7 -brase,

as o"hta::.ned from the experiments h"ve been sho'.;n in t:"lApreVlO\U

chapter. ,10,: the results are to be discussed here ,,'ith a vic'll to

Sl1fOf,e5tso:ue I'ecommendations.

6.2 Microstl'ucture of the castings:

Microsco;Jic observations of "he specimens in the as-(~nL;t
,

and anneale~ condition are discussed below.

6.21 AS-COlStcondition:

Ir. centrifugal castinr"

detGr~ined speed of 1800 r?~.

~l)l\mould is.rot"ted at " prc-
. 4,,'hlch gave good result and the

pipe is formed almost as a series of "elded rings and a!l,)lo,.,o\:s

1:0 ,,'indi:J1'; a ;:oopeinto a helical coil. As soon 11s the .-"cl;;en

stre •.w cOCltacts tohe rotating ~ould, the ,~elt s?read:; 0':"'1' t",e

'-'nl:ire l":ngt;'l of the mould cavity. ';lith further flo\>"of' the

",etal from the spout, the wall thi"kn"f's of the pip" lnuldi1 u:,

gradually and unif.oX'mly over the em:;ire J ength. Immediatcl;y

after pourlng, inertia prevents the melt frot:! takinc up t:'1C

:;peed of ;;he mould instantly. Thus relative motion exists hltb'e8Y'

the adJ11cent liqllid layers and. also between the "lelt and the,
previously soli,jified layer. In the solidified l"'ye:r, the ,",,It

flows ac:::,oss the iront of the gro"'ing crystals and the ",hear

stress fractures the Cro-~.ingdenc.rites.

the c,clidifyinS front are broken off. ty the rapid flo','; of llE",!
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ilcuid, 1:lu,'E,ferrning a multitude ,of nuclp.iiin the nc,,; QT'I).va1.

S'1u~a/(i;al ,.;rOli'nl'Jthen start to gro'" in the new '~Rve until the

nr'xt one arrivF'" and the process conti:Ju')s. As a rtlsull, l:he

structure consi"ts of fine <oqui"xed gJ'ains' (~' ~~)~lf.'( ; ',.;hereas In

l~he sand casting, denc.ritic struct'u,es are visi':lle,

frae,mentation or breaking of the struct;ures occurs.

Averar:e I',rain size of the castings has been (Je9Sl:rc(\ 1':1

ccu.nting the number of grains in the length_'''ise, intel'cEytio:1S.

It can be 38er:: from table~3 that the average grain size fo::: l;jw

castln;5S solidified ",t 200C, 150°C and 400°C are 3 rnic::>on

4 ~icrone and 7 nicroDs . ,
,rel'Jpectlvely. Actually in wp..ter

• cooled mould, the melt solidifis quickly that means extreoe

unc.er-coolin,j occurs for favouring "lore nucleation aml lc.ss8r

;';:''1\'ith, rcs;1lting fine eq,uiaxE:,de;rain. On the other lw,nd, loni;cr

sol j di[icaticn time is conc.ucive to clo ••' cooling ;,'hicr: reduc,""

cr.e c',egree of ur:der~ooline; and the nucle",tion r"t". 'Phus, C2'.,;'.~'

n\lcl~l aI''' ~vailable :Cor growth which e\:cntllally ler,(\s COthp.

formatlon of com;jax'atively coarse cryst"ls O'ip;. 19) i)lLl henc"

th" a',c,[':J.6e size has increased. Tl"'refore, the rate of ext~'a~t:i,oll

or ~,cat f::,olCthe mould wall >as a t.::-empndous'c.'.':-eot on "he. ,-,[::'11(-

';ure of the Golic;ified castings and as such it can be ::.n,cl':cc(l'

that ~llOr-:;er tbe solidification time, scnaller is l;he i3r:nn f,L.c,

6.22 j,nnealc." Conditicn,

',",w c811t;:>ifugally cast brass containing fine e'l'.1~e.xec'_

~.::-ain6, when annealed, gave rlse to twin crystals

along ;,'ith strain bands. (Fip;s 21-24). when Rand cas:' b::'2S.s
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specilTlen i5 anne"l8d afte:r. prrtiGl cefo:7.Jation, ',',e!1t t,,,,)r)S '"'ith

"~tr"in bnnQs Bre visi"le tltrout';hou-:; the c,t:ructure / These ten'~

t",,!-ns appea::: due to the annea!.iilg of the partially de[orlTled

"pecinen -,.;here,t,he grains become elongated. Now the questlon

l' ,,'h~r these types of phenomena occur ip case of cen'c;:iiur>;al

ca.Eting.

,
It lS envisa~ed that in case of centrifugal casting,demi;'ite

t'~'er:;~cnt"tion occurs, favouring eCluluxed "rains and the ;Jh"nOJH'lll'

c"'ystnls underi'.0 80me '30);"tof cieformation Que to hi.;h speed 01'

;;m,eaJed, :,,'in 8Cluie..xedr;rains with thn exis::ance of .~evc;r'"l

~train bands a~e visible.

Due to annealing t:'le average graln size of the structure

na.s incre""ed from;; micron to 20 micron, !+ r~icron to 22 mlcroIC

,,-nd 7 ,".1.cron to 22 micron for the spe "imcns solidified lit

'd t t f 'oc, "'O"C 'nd ;;;'OnC.~,,'-u. emper8 ures 0 "- ", -' ~ " , respectively. Thif,

rellltlonshlp is graphically sho~m in .Fig. 28. It Oan 'he "een,
that tte effect' of- annealing has becoJle more pronounced in

cose of the specimen solidified at ~ould te;npura.ture of 200C.

"'his cecause due to faster cooling more r.eucleatlon occured

ane ~igher n~~bcrs of small Grains were availacle in thi" specimen

(,ave -,nOreopportunity to diffuse and to be cor.18;)igger thew 'clJc"e

o~' othl!~'s '",hiGh we)'", originally larger grainr;. Another reason JIB;;'

be that the grains of this speciJlen in the a~'-cast G011CI.,tion.



'A'er'"in fully s-;;'re~,,~sdcDnclition. As a rss")lt, \-"hen this s)"1ec:urr'On

is ll;;nealed, the .5treSSf'e. ~~rains hllvP b"'~n 1'el1-ev"d '",,:lly i.e, 'h"

E;:ra"ns have f"ll ~-,eccver~l:"rom.the stre ,"spd c~ne.itj cr.. 0:1 the

other h6.nc'., the c,pecioens of the cClstinf.s [;01i6i1"i8d at ;1ip;her

,1101Jldtemr'er8tures the r~rains ,..ere so;ne,,'hat less st:::oes,;cd condltlOG

c:.nce they ""ere cooled comparatively slo\-,'ly. Therefore, the efi"sd:

of annealing on the change of grain siz;e responded <~ore prono"YlcedJ~;
o:n the eastine; solidified at mould temperature of 20 C compared

to other two types.

Co.;;j,'eatures of as-c1J:st and ar.nealed Brass: '

'rhe ,Jl'operties, aecording to the results obtained frolu t:l'J

.,s.-cast and annealed Brass are shown graphically in fip,u'_'es 25 1;0

27. The sallent features of ~he above curves are discussed beln~.

It can De s8en f:::,ooFig. 25 that tbe stren5th l!J Up,her J,n

t;,e castlng solidified at r.:oule. teruper"ture of 2DoC co-np":recito the

c"st~n[-';s 80Jlcii.fied at now.d te::Jpe~.atnre 15:)°(; and 1,00°::;. It lD

cnnsidered th"'t the faster cooling l,,,te has ei':r,n "i:r.tn to ~mal:"?L.

',;rains and dense

r;tre:Jgth.

'~'nen t"ese specimens ,re anneal~d s,,-;ren5th of all :.:1e caGtin, s,
i.:npc>ovedto some extent. T'his is ;Jrobably c;.ue to the uniforra oi,;-

t;:'l"Jution 0: the particles concentrat"d at grain boundaries ~,ul'inc:

aYlnealire.



6.32 !iJrG.EE!S5:

It can 'be seen from Fig. 27 that the hardnesfo of fsstl:i

cooled cas-ting is higher than those obto.ined at corr.;)E!rG.tiv<:;l:r

slowl~' cooled casting for both as cast 'and annealed cond.iL'ion.

The reasor_ Jla~' 1JE!that before annealing '.-he ;:;I'flins of iJstly

coolea. upecHlen were in stressed condition comT'''red to "tLnrs.

>,:-,«383, ilc.r,lne,ss of all the specimens h",e imp,,"oved :Ii:',ht:l:y.
j.j3 Eloll('.ution,

It /;c.n be seen fro:rt J1ig. 26 that the j; elon'~a"l'ion
of ~he castine; solic-ilier. at fast'll' rF.t" exliblts sliehtl:: hi::ilel'

elonc~,'.i;ion ~han those of the oast::.ng solldifi"d flt hiS>";' );]:)l1,d

speClme"'l contained s::laller gr"ins GOffi"jJl\redto Ot:'-"H'Scr3bLe _.3

t":npe.rat=es.The reae,on behind this :nay be that r&~"tC'r (;001",<1
,,.

"'"h~ntLe c3stings are annealed at 53SoC for 1(cne) .1Dl.'rit iCc'

fiurpr::.sj;\,~: to see That the castings solidified [It loweiI' _~0ulc.

te,:,peJ,-atl)i'C (200~) shows 160% increase in elonption. :::'nthe

cthe::;oh3nd, tLe castings solidified. at 15(J°C 3nd '+00('0 :10l;ld

teJperatures show 84-%and 33% increfls," in elG;]gation. Facts

believed these remnrkaDle differential increase in e~ongation

llflYbe d')e to the removal of inte::;onnl stresse,; 3m: eii":in,,bo'1

of '"icro-seGrega-'::ion fr'cill the structure, since 33.1 c"",t i~llo_ys
24

"re ~1.;t-ject 1;0micL'oseerecation' . The sev,rer;o.tion '""',,vbe o:ll,",'

a cor:centr:.'tion C,r3dient within th" deno."itic arms or it mG.ybe

:1 s!JcDnd ,-lE',Se:"reci;Jitation "t tb" ,;rllin ,'oundarie.s. !\'::lcic, "be

C"o",cri:"ut:3l "erer3tio:l Df --'uspended c:C7stals n:c :.r'5DJubln P:l:1SCS25

Cfl:]occur: "'ithill the liquid, crellting Ii tendency for the lees.



d~"se constituents to ee transpoI'tec!: toviaras the cen':;.n,. i,t

'nora adv,~nced "tage of :-reezing, 10""melting pcint lir:uid car.

flow ol.'twarc!:s ;h!'Qugh passae;es bebieen the rigic!: net,_.'!;::-kof

interlocking srains. The annealing treatr.:tent minil:li~,es or eli,r.i-

nates this concentre.'~ion c.ifferences and ho,nogenises the ent.ir'e

.5tructur.'e. As a result, tbe c!:uctility of tlje c:\S,ting lrt'.preVc,s.

Now the qUGstion may arise that why this has h~ppened sharply

in ,,"'atc,r cooled casting. The probaole answer may be tInt in tl~"

water cooled. ca>;ting, the solidification '",as too rapid for ap-;-;reci-

able ,li.ff\;sion yet to occur and thus concentration c,jIrC::"€il';A

rr.ip;ht llot pllJnia".te coc;rletely l.n t:Je a,,-cast r,OD'iition. On the

otheI' hand, oast:;.ngs solidified at other mould temIJer;,t'-'tres

(spe;;ially ,.,t II.QOoc:;"had enough t:Uile to minimise l:he cO-:lcen'Crcltit,;,

diffen,nces in the structuJ'€. 'i'herefore, the hOilloseni7,fltion

(a"'1calins) t=-ec;.tm,m;GOl.:ldno'; i.-n';lrove the strensth a":l; d'xtillt:i

of t;".ese casting" as much as co:npo.red to ,,"'ate!, Gooled cilsti>lg.

During a~~Baling> the cODcentrqtion difference and ~he

prcci)Cit:<tion3 are absorhed by the matrix givinr; better onsu11;s

(FH~. 21). This indic<lte,,, that the <lnc.ealing treatment r8sc)ondeci.

."lore effectively in the water cooled casting than the ,,;>stinGS

30ll.dified at various mould temperatures.



-5'1-7. CONCLUSIONS

The following conclusions may be d~a~n from the r~sults

of the present investigation:

(1) Ir. general, the centrifugally cast c>(-brass specimen;:;

have superior physical and mechanical properties t;1an l:hC sane..

cast brBss.

(2) The true centrifugal casting process yields satisfactory

result;:; '."ith ['es-pect to ph,ysical appeara"ce, microstructure ar.c'.

pro"crtics specially when ice-ccoled ','iatRr spraYAd ov'Or tte rot:,tinC

,!louIe.. 'rhis set of experiments suggest that shorter the soli~,ifl-

cation time, finer t;-,e ec:cuiaxed grains and hip;he~ the ;1ecll'-lIlic11

proDc~ties.

(3) Annealing treat:nent responds ,!lore effectively In the

(:asting solidified at wJ.ter cooled lTlouldthan the castlngs

solidified at various ~ould temperatures: Annealing has ~lso

sho~n a great effect on the grain size of the ropidly cooled

centrifugally castc:.C.-brass speei::nens.

(~.) Be,nd cast brass speelmen shows pror:linent coring e2'fect :lee:-::,

tr.e gr'lln boundar'iss, .,hereCls the centrifugally cast Sl'('cimen (0

r,ot sh"-,, .5Uc;;1effect. At the same time, afte;' a:-lnealing t'lC sar;c

rast ::,~ass specimen docs not sno,"' b.ny strain b."uds 1;u-;;the ce"t-l'i_.

)'c::gally c"st brass Q"ecimen sho."s equiaxed "rains ,,'il;n :,-:~'~in bands_

(5) The l'esults of the tenslle and hardness teE_ts are corr,-

f-,let:ely in ?.ccordancc ,;ith th" Cletallograp!lic st~'uctuI-es Q'"tE.lr.sd

~n the present inv~stigHtion.
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8. SUGGESTIONS FOR .FUltTHER 'daRKS

In Banr~lad8sh a considerable quan-:::lty of Bras>,; ";StE1C;S

FIre being carried cut to oake products of various kiwi.s f"or usc

in different industrial and cOOl:;)ercial sectors. Convent~,onal :'wld

'1'.0\;10.)1rou\.:cts are not quite good specially for l,ressUl'e ;;isht

:'"ittinS8 and cyllnc.ers. If thes" are ma.ie by \Of,lne;cClltri:'llf~"]

tn1e cent;t'ifur;al casting method is not yet much fa'llill :u.'i~,e .1Tl

the lor.al foundries of Bangladesh. The experi:nent carTied out

in ';"is text ::la.-vintroduce a new chapter if i'llplemented in Lhe

i.ndustry.

loownver, the following further works in this :field needs to

be C>lrri8d cut to give a conclUsive sugsestion: regardiu;: the

lm'JJ."OVE'mentin use of Cu-Zn allo;;,>; in the industry:

(~i)Stud;}' .'!laybe carried out using.:ironze (85% C:", s% ,;n,

7,:'6:?b, .9%;:n) and ,";U:Jmetal (80;; Cu, 10%3n, ?,j, Sn), ",'hieh _,r~

"Iso ",-ery ."'idel;;, used iCl domestic and im'.ustrial appli,<lCPS.

user! for only x'e3trict"d "hape, therefor'a study 'lla:y be c".l'ri"d

out ho',.,to m2ke other Products of: intricate size and ~),'neu~~""".. ". '-'.' '-co

thiCl raac:-Jine ,:;0 that "ractical applications arG :nore fucili.tut",d.

(3) 1,'urther study can be carried out by chanGing other

parailleters of the process ,;ueh as pouri:1e; teTIperaturc of l;he Melt,

]ould r.wtcri"l, annealing temperature and tlme etc, t'j search out

the best possible results.
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T~.e r,-,"sc of co"'posi tion fl);" thE:! three
p~Jase" of tH'J1)8 at reo'" ,If,U solidus
temI'e rilt'~r"_
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-

'" '.,: ., rJ ~
-- -

,\t rOn Ln 0 - ;:'5 " - 11(,.6 11G.6 - ?(J.6
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I'rodl1c ts j-1atcrial

a) As-c"st l'l)Jes .cOl' ,,"'Iltel', Cast -iron

gu" [j ])(1 [Jcwugc

• !In a t reoiGtins .~teE'1'tubing 1'0 r ccfOr",Cl'5

had i;;'Il t ~\Jbl1G

Eainw3ter PJ.PC13 Cas t iron,

c, ) j'lachir18Q .fro," nearinG busher: COPs,et' [\11";:15

pots --
P-,." tOI1 r:Lnr;s Cast iro,""
Cylllll~er liners

Paper mflkinE; J;"olla~"; Copper alloys

-Gn,; ~"rlJinc rinSs Heat . .. steelreins v~n5
end nickel Dase alloys

. RU:lout rollers Carbon sted

0) After heat- L"q;c dinmcter Iron Cast l.ron o,~
treatment I pipe Dllctile ironI

(annealinr::J

~ L~_ --~



'l'able- 3 Proper'ties of cadinSs soli,:ified at various 'uoc:ld
tp,?lpe,atures, a:l-"'~i;t conditio;:) and anne"led conGitioll •

•
! Lioule'.Casting VIi:,) (N/,um 2 :r;lOlls"tion H~~~~ss Ggin size

T~Te ~~'!lP. (% Microri-)
00) As-cust Annealed As-ca~t Annea' 'Oct As cast ArmeaJci As c3st A,nnealldj

Centrifug" 20 312.0 331.6 21.0 54-.0 70 78. 3 20
Casting 150 300.5 320.5 18.9 35.0 65 73 + 22

400 176.5 262.0 15.0 20.0 55 (,~, 7 22

Sand. Iroom 176.5 189.1 14.0 18.0 43 45
Casting !Ie::tp.
I (static) I ,,

,
~
m,

.
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Figure 1

.
TIME,

..._J~l_,._ _
-'.. ._-

Colling curves of a aoiid,ifying purc ;:Ictal.
a) Equilibriu=,- cooling
b) Cooling curve showing super cooling_
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Figure 1 Solidification of , Qetal. For
metals dendrito n~s extend in
directions.

_ ... __ .-.-
f.c.c. and b.c.c.
the cubc fnce (100)
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Figure \3 Effect of alloying on the solidification tecperatur,e
of a metal.

a) plot of solidification tecperature verse percent
alloying elecent.

b) ideal cooling curve (equi11bri~ cooling) o! allo
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Figure t, Schematic rcpresetllUon of temperature distribution
in plane front solidification.-,
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Figure 5'r Temperature <!istribution show,inghest ;:1011'daring
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wall.
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Figure 1 Stel'll cIIstinSII "bled." at the tices shown";solidi!"io
skin :I.'ema.ining.
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n) Somicentrifusal stack Qolding of track wheels.

b) Centrifugal caBtingo with internal cavities of
irrogular shape.
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A) C.I.Mould
Ell Mould Guide{Front)
C) Moutd Guide Flange
Dl Ladle Holder
E} Casting Piece
F) Asbastos Washer
G) Mould Guide (Back)
H} Mould Adjusting Flnage
I) Bearing Housing
J) Ball B.earing

Kl Cylinder Shaft
Ll Ejecting Rod (Ejector)
M) Machine Pulley
N} Motor Pulley
OJAdjusting Collar
Pl 7 H.P.Electric Motor

--Q) Mould Guide Stand
Rl Mould Runner
S) Hemispherical Spout
Tl Slopy Rai1 Track
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F i r,ur~1.3

, .

;-.:~",'»l"; :\.•.- -- - _. --- -----
a) :101ten ",eLd is being trunsfered fro", l[,dle

to the rctati~g ~ould (VLa. he~isperical srout).
0) Sho-wing- Eauge rings and holder.
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COOLING FUNNEL

/

•

FIG 14(0) CENTRIFUGAL CASTING MACHI~E
WITH COOLING SYSTEM
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A) Stopper Handle
B) !-eg
Cl Funnel
Dl Cover
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Fig. 15 Centrifugally cast and sand cast d.-brass cylinders
solidi:fied at var.ious mould te"peratures.

A _ MOuld Temp. 150°C
.B _ Mould 'fe'll'_ 200C
C Mould Temp. 400°C
D - SWld Cast.

•
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Fig, 17 Mieroe'li:mctl.1reof centri::f'ugal~y caato\-bt'ass
solidified at mouldtanp',2000. Jl:10(lO
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ldicrostructure of centrifuga.l~y cast!1C-brass
solidified at mould temp~20oC,'annealed
condition x 1000 '
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P.i.&. 22 Microstructure of centrifugally cast o(..-brass
solidified at mould tE!lllP~ 150oC,annealed
condition x1000



Fi 23•• Mim.oatructure of centrifugally caatoC-brasa
solidified at mould temp.4000C,annealed
condi tiQ!?- x. 1000_
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