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ABSTHAST

*  The investigaticn carried cut in this text was to find cut
the effect of freewing tine on the solidification characteris-
fics of centrifugally—cast a-brass. The variation of {reezing
vime of the casting was achieved by delaying the solidification
pfﬂt&ss with Che application of heat using gasg flame aréund the
~otating aouid in some instances and by spraying cogiing walier
through special ccoling device around the rotating mould which

promoted faster selidification in the otpgrs.

4 comparetive ztudy of differemt physical and rmechaniconl
nroperties was carried oul upon szod would casﬁings and centri-
fugal castings obtainad by using metal mould, Le-oxidation of
the molten waetal was done teo obtain the improved properties.
Properties like hardness, percentage clongaticn., tensile stranoih
ets, were ifcund to impreve with faster ccoling rates keeplng #il
other process variables such as mould speed, seouring teaperature,
metal gcomnsositien constant. It was abserved that the sand mouvic
casting at coom Temperature shows 8 cnarser-grained dendritic:
structure having less strength, nercentage elengation ard hard-
ness, whereas tne centrifugally cast a-srass with very fast
cooling showed an improvement of about “a80% in elangation and

a slight imorovenent in strength and hardness values.
T v
It was also obegrved thet the longer the solidification
1
time, the coarser was the gralno size in the as-cast specimens
wnich influenced adversely the physical e&nd mecnanical prover—

Tieg of the casving.



Heat treatment of both the sand cast and zentrifugally
cagt g -prass showed improved properties. The casting obltalned
with the fa=test cocling rate showsed The greatest improvement
in its preoperties s compursd To the Eand and slowly cooled
centrifugally cast A-hrass products. The experiments [urnished
a nosltive incilceation repesrding the achievement of betbter physicai
and mechanical propertics in the centrifugally cast a -brass

products with decreaging freczing times.



1, Introduction

Modern casting industries empley centrifugal casting process
because of its economic viability as well as its capability of
delivering dense, strong and inclusion free products. Usually
products of this process include cylindrical pipes, piston liners,
pressure veasels, bush-bearings, steam and gas reformer tubeé,
pulleys etc. when compared to sand cesting process, the centrifugsal
casting method offers some essential gualities in the products &s
high tensils strength, high denosity, consequently low poresity and
necessary hardonese. It i5 normal to anticipate that the properties.
and the solidification behavicur of centrifugally cast products

will be quite different from those of the static castings.

However, the success of centrifugal ceating process depends
on a numbex-gf factors viz. mould spinning speed, heat transfer
¢haracteristics, mould material, mould coat, pouring temperature,
pouring rete,; mould pre-heat tamperatupe, the elloy cast, and the-'
dimensions snd geometry of the -:auat::!ll:ng:1 . The details on the
influence of some ©f the above factors on ferrous me%als are

. , . 2
available in the literature E

'v but not much on the non~ferrous
metals. Hecantly a thorough study of the effects of speed of rota-
tion of fthe mould and the pouring temperature of the melt on struc-
ture and properties of centrifugally cast non—ferroﬁs metals, hag
been carried nutfJr . But the effects of freezing time on solidi-
fication characteristics of centrifugally cast products have not
yet much been investignted upto today. Therefore, the present

project has been undertaken to study the various agpects of selidi-



figation, since the overall freezing time adversely affects tue
structure and properties ¢f the cesting, especially for centrifugal
casting as it rotates during sclidification promoiing faster
cooling rate. SBince the solidification characteristics of the
ag-cast structure under dynamic conditions are different from

those of static castings having similar cooling rate , The
coarrelation of structure and properties in centrifugally cast
products would be worthwhile., The material used in the present
study was ¢<~brass, since this alloy is widely used in the indus-

try for fabriceting various objects.

For comparison purposes, sbtatic castings were carried outb
in green saud mould with the same composition of the melt. Fro-
perties like hardness, tensile strengbth and percentage elongation
pave been investigated and compared with the centrifugal castings
gbtained at various cooling rate over thet of the sand casting.
During the present investigetion, microstructures for both the
products were also examined under different magnifications using
optical mi¢roscope. Micro-examinaticns of the specimens were

conducted in the ag-cast snd annealed condition.



2. LITEHATUEE REVIEW

2.1 Introduction

The principle of Centrifugal Casting has long been egtabli-
shed, dating originally [rom a patent made by Eckhardt {quoted
frem Ref. 6n) in 1809. Following early development during the
nineteenth century, the procesas began after 19220 to be used for
the manufacture of cast iron pipes on a large scsle and hag since
been extended to a much wider range and for other alloys. '
Gradually the demand of ductile iren pipea started increasing.
large diemeter ductile iron pipes found a boost 1in production

in Japan2 during 1960 to 1970.

In Soviet L?niﬂn5 about the same time ductile iron pipes were
cast centrifugally i1n water-cooled high strength steel moulds.
These unoulds were previcusiy sprayed With a thin refractory coat
consisting of silica flour maxed with a small amount of bentonite
and water. After the pipe was completely cast, the mould was kept
rotating at 1ts originael speed until the pipe had cboled to
ﬂ5GGDF {81500). The pipe was then taken {rom the machine and

tranaferred to an annealling oven.

More recent research rePQrt? shows that centrifugal
atomizing can produce deposite, very similar to thoee produced
by gas atomizing, in the fom of a large-dismeter tube, srd form
this tube, sheet is plso made. The experimental conditions used

were such that it was not possitle to attain a sufficiently low



oxygen level within the stomizing chamber te avoid the pressnce

of some oxide films. Consequently, the porosity of the deposits
wag hipher 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 rEpDItB ceme oput

in 1983 which devoted to work carried out using the centrifugal
spray process under carefully controlled conditions, in which
OXFEED ACCCSS WAS écrupulnusly avoided. It also includes a note

on the developments by Aurcra Steels Ltd, Sheffield, who have
applied the centrifugal spary process to the comnercial production

of tool steels.

Centrifugelly castg stainless steel nas becoms the material
aost used for stesm reformer and pyrolysis tubes during mid 80's.
A cheaver alloy HE4O (O.4c¢ = 250r - 201i), have a much higher
ereep rupture strength than low-carbon material having similar
chromiuvm and nickel contents, was uged &z a cast material for
reformer applications. Extensive work has been done Yo optimize
the structure and high-temperature mechanical properties of these

materials.

At the seme time, in tube production, tubular blanks are
produced by the method of centrifugel casting which can be used,
after slight modifications, successfully in the production of
consumable electrodesq? Extensive tests have been carried out

in the production conditions with the method of centrifugal

casting of consumable electrodes [or various remelting processes.
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The hollow billete produced by this method are most suitable
for Nemelting the Consumable Plasmatron {RCF), because the
presence of the through cavity along the entire length of the

billet in the case is the conetant condition.

Latest rEportqq that is dated 1986 has revealed a new Process
called Cemntrifugal Melt Spinning (¢.,M.5.) process. The C.M.5.
process is a technigue for the production of rapidly solidified
ribhon. The report also indicates that a beneficial combination
of high ejection pressures (up to 259 kPa) and high linear velo-
cities {up *o E ms-%) vield good thermal contact Detween the
melt puddle and the cooling substrate. As a result, cooling rates
up toruﬂDB Ks"q are achieved, higher than those generally reported

for other melt spinning technlgques.

ﬁowever, the Centrifugal Casting Method hag got a significant
boost because of resulting rapid solidification which is impera-
tive for the purpose. The purpose of répid solidification 1s to
achiecve high solifificetion rates by means of amall cross section
and good thermal contact with a cooling substrate. The Centrifugal
Casting Method used now & days generally entails the use of a
fiwed crucible. The molten alloy is poured into the mould and
impinges on a substrate =o 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 gradually and
upiformly, over the entire length of the pipe. The use of high

rotational speed of the mould results in improvement of the wettiog



pettern and hence in better thermal contact between the melt
puddle and the rotating mould. High aculd veloeities also result

in uniform pipe wall thickress.

5,2 Selifification of pure metal and alloy under normal condition

Pure metals melt and freeze at a single temperature, the
melting point {(or freezing peoint); above this temperature they
are completely licuid, and beleow completely solid (under equili-
briup conditioms). If a thermecouple is placed in 2 crucible of
pure molten metel and the metal allowed to solidify slowly, =2
cooling curve such as that of Figure 1{a)} is obtained. It is
observed that the metal cools gquite gquickly to its freezing roint.
At the freezing point the temperature rewsins constant oriefly
i.e, a hold occurs while the metal loses its heat of fusion. Only
after the metal is completely solid and further cooling occéurs.
This type of cooling curve is obtained only if anlid foreign
particles, described as hetercgenous nuclel, are present in the
liquid metal and the rate of cooling is relatively slow. When there
is no suitable solid matter present, a liquid experiences difficulty
in etarting to crystallise and may need some degrees of under-
coocling below its real freezing-point which is known 2s nuclesntion
under—cooling. Nuclei or 'seed' crystals then form, followeqd by
their prowth which is the second stage of freezing and the tempera-
ture may rise to the true freezing point. The type of coolinpg curve

in this case is shown by Figure 1(%t).

When heat is abstrected rapidly, solidification starts at &
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temperature intermediate between that of pucleation under-cooling
and the équilibrium freezing peint. This gives rise %o gplldifi-
cation under-cooling whieh is significant in centrifugel castings
and in die castings. It leads te fine structure due to a decrease
in diffusion rates. Most commercially 'pure' metels contain certain
impurities which may have signilficant secondary effects on golidi-

fication.

During solidification, heat evolution raises the temperature
.8t the solid-ligquid interface, but protruding selid fingers may
extend into a cooler, underceocled region and their growth is
accelerated. Radial arms are Tormed whieh send out secondary arms
at right angles to them.*This is repeated until a Cir-tree type

of erystal is produced, known as a dendrite (Figure 2).

The dendrites grow out wards until contact is made with
neighbouring growths; this contact surface becomes the voundary
of the crystal or grain. The dendrite arms then become thickend
until fimally & solid erystal remains with no indication of the
dendritic growth, except wheres shrinkage occuars, with the formatiocn

of interdendritic poroszity.

Pure metals melt and freeze ot & single teaperature. Ailcys,
in most cases, do not. Feor a given alloy, there is a particular
tenperature {the liguidus temperaturs), above which it is all
liquid. There ig another, lower temperature {the solidus tempera-

ture), below which it is 211 solid. Between these two temperaturés

ig a region where ligquid and solid coexist. Such an ailloy, in this



temperature range, has some consistency beceuse of the golid
material =xisting, but hes little or no stength. It has the
consistency of "mush" and for this reason the portion of a
solidifying casting wheose temperature lies between the ligquidus
end solidus is often termed the "mushy zone" V2. A sketch of the
liquidus and solidus temperatures of a typical alloy is shown in

Figure 3(a).

When & molten alloy such as alloy 'a' of Flgure 2{(a) 1s
slowly cooled, freezing begine At TL but is not complete until
a lower temperature, TS ig reached. The c¢ooling curve of an alloy
of this type would be very different from that of a pure metal. If
a crucible ¢f the alloy were cooled slowly end temperature meesured
as a function of time, the rate cf cooling would be rathsr rapid
until the liguidus temperature,_TL was reacned. AY this temperature
as solidificetion began and continued over a range of temperatures,
the cooling rate would be slowed down, but not arrested. Below
the solidus the metal would be completely frozen, and more rapid

copling would again take place as shown in Figure 3(b)-

Fowsver, the influence of temperature gradient upon the
mechanism of [reezing and the extent of aushy zZcne of an elloy
is illustrated in Fig. 4. Thig disgram indiecates how steepening
of the gradient narrows the zome of crystallization and so mini-
mises the distence over which inter erystalline feeding is required
The cdownwerd . movement of the temperature line produces corres-
ponding travel of successive start and end waves of freezing

towards the centre of the cesting.



2,21 Solidification rate:

The freezing rate has an important role to eliminate solidi-
fication shrinkage in a casting, and on such me tallurgical factors
as segregation and grain size. In & sand mould, the rate at which
a casting freezes, is determined primarily by the ability of the
nould to accept heat from the casting. If 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
teaperature distributions in the mould and metal after a given

time are shown schematically in Figure 5.

Heet flows from the hot portiocns te the colder portions of

13

the system mccording to the fellowing relation 7

d/a = - ¢ ( OT/8x)

wﬁere, q&A = rate of heat flow per unit area in Etuf(hr.[tg),
C = thermal conductivity in Etuﬁhr.ftQF); and
aTﬁax = thermal gredient in unita of temperature (T) and

distance (x).

The temperature of the boundary between liquid and asclid
metnl is the freezing point of the metal and heat of solidificaticn
is being liberated ot this boundary. The rates at whiech the boundery

moves ig determined by how rapidly heat of fusion is being removed.

If metal is freezing against a large flat mould wall and

heat flow 1a normel to the mould surface, the thickness (x) of
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aolid metal deposited will be proportiomal to the square root
of time (t), i.e.
x o It

Thus, thickness, x (in inch) = K x {%
wnere, K, is & constant whose value depeunds on the mould material
and its thermal conductivity; and 't' is time in minutes. This
parabolic relation ship is shown graphically in Figure ©. The
nbove Equatioan indicates that freezing begine at time t= o, and
the initisl freeging rate 1s very large since -%%ﬂ nﬁ;%?

However, in actual castings, the rate of solid skKin formation
is affected by the shape of the casting. Figure 7 sketches tThe
appearance of sﬁma castings which were bled at times shown after
pouring. A bled castiog is one in which the mould is filled with
metal and allowed to partially solidify; then the mould is inverted

and the liquid remaining is poured out leaving a shell.

It can be seen in Figure 7 that the solid skin builds up on
flat surfaces ronghly as the square root of time, but that solidi-
fication ie meore repid et external angles. This is because the
heat is more eagily dissipated at these points. Conversely, at
internal angles the solidification is slower. It can also be noted
that the shape of the casting resulta in directiomnal solidification
from the thinnest section toward the heavier sections. The cocling
is controlled by designing the mould and by utilizing the intrimeic
design of the casting, so that freezing begins in those parts of
the mould furthest From the feeder heads and continueg through

the canting towards the feeder heads. The practicel approach to
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directionel solidificaetion is based on a variety cof measures
deaigned to steepen those temperature gradients which 1lie in

favourable directions. These measures include the followling:

(i)} The control of pouring rate and temperature,
(ii) The differentianl coocling by chilling and
(iii) The differential heating with the aid of exothermic

neteriels.

o.02 dplidificetion time:

The influence of casting geometry is the main faetor in
determiping the overall solidification time of a metal or alloy
during freezing. Once the geometry of the casting is knoown,
feeder heads can be designed to meintain ths supply of metal
throughout freezing. The ideal is To be able to prediet the

solidification time irregspective of the shape of tbe casting.
¥

A notable step in this direction wes takenm with the discavery
of the Chworinov Rule, which postulates that the total freezing
time of any casting is & direct function of the ratio of its
volume to its surface are£u+ , i.e. the freezing or solidificetion
time,

t = K({)E where,

¥ = Volume of casting (cm5)

L = Surfaee aresa of casting (cmzj

‘ K = Constant = 2,7 minf'cm2
or t = KME, whers 01 =«% = Modulus {cm)

Therefore, freezing time, %t(in min.) = 2.1 Me
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This expressicn wWis developed theoretically and was found
+o correspond well with experimental determinetions mAde cn a
wide varieby of cast shapes ranging from platés to epheres. The
overall solldification time for a given volume of metal is thus
found to be greatest when the ratioc V/h is a2 maximum, i.€. in the
case of a sphere, becoming progressively leas for cylinders, vars
and plates. That is why, the shape of a riser should be designed
in such a way that it would lose mninimum heat and xeep the metal
in a molten state as long as possible. This condition ecan only be
met by a riser which 18 spherical in shape. But in practice, 2
spherical riser is dirficult to mould and therefore, 2a cylindricaol

shaped riser is most frequently used.

2.2% Solidification of Brass

Brass is essentially am alloy of copper and zinec, but for
some special purpuses, smgll proportions of other metals are added
to obtein increased atrength, hardness and resistance to corrosion.
The industrially importent alloys of the copper-zinc syatem contain
zine upte 50% and are particularly important in view of their

wide-range properties such as:

(i} Mechanical properties,
(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 & . It must be remembered that the changes of phases which
is shown in equilibrium diagram rarely reach completion during

normal rates of ccoling. The main features of the syshem are:

Compositions between F and G solidily as cc-solid solution,
usnally cored. Compositions G to E commence hy forming <t and
finally form some S solid solution of composition E due to peri-
tectie reaction. On cooling to room temperature the ampunt of
the ﬁ}constituEHt decreases according to the solubility lines
G and HN. Compositions between H and J form cc-crystals which,
at ?DBDC, react with liguid of compositicn J to form F7-crystala.
On cooling, o-crystals are precipitated Irom the & when solubility
line EN is passed. Compositions between J and ¥ solidify a5 /3
alloys containing less than 46.0% zinc precipitate some ex-crystals;
whiie alloys with more than 50% zinc preciptate ~crystals on
cooling to room temperature. The range of composition for the

three phaces i1g shown in Table-1,

Tt is interesting to note that the solubility of =zinc in ex-
solid solution incresses upto 39% aeg the temperature falls to
45500 which is contrary toc general behaviour; then decreases down

te room temperature. .

Petween 453°C and 4?D°G the p-phase transforms to a low
temperature modification known &= 7 This transformation ig due
to the winc atoms changing from & random to an ordered arrange-

menl on Lthe lattice.
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The properties of & brass will depend on the volumes of the
phases present and Figureg serves to show the general connection

between the phases present in the structure and the properties.

The tensile strength and the elongation increase 1n the <-
region, the ductility reaching & maximum at 30% zinc. The praesence
of &-phase causes a considerable drop in elongation, but raplidly
increases the +tensile strength up to a maximum, when the alloy
containg all 7. The strengths fall rapidly at the apperance of
the weak and brittle w-constituent. The resistance to shock
decreases while the hardness increases by the presence of & phase,
and the alloy becomes hard and extremely brittle when o -phase
appears. Consegquently the presence ol the d-constituent is avoided.
The only commercial alloy likely to contein ¢ is one containing
&6t zinc and used as & brazing solder hecause of its low melting
point. In brazing, however, some of the zine 1s lost by wvolatilisatic

and seme diffuses into the metals being united. -/

The #-phase is much harder than oc-phase at room temperature
and will withstand only a small anount ¢f cold deformation. It
beging to soften suddenly at 490°C {i.e. disordered change) and
2zt B00°C is very much easier to work than o¢ -phase. Thus it is

advanuvuapgeous to hot work f-phase.

annezaled of-brasses withstand a remarkable degree of deforaatio:
oy cold work without the slightest sign of fracture. The lmpact
resistance of ©{-brass at 350 to 65DDG is extreanely poor, but the
resistance to creep at elevated temperature is superior to that of

of - p -prosses. Consecguently there is no, appreciable adventage in
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hot working of -brass, except that when breaking down large ingots
into strip, the handling costs are reduced and repeated znnealing

i5 UNLECASSATY.

2. 54 Nueleation and growth of solidificaticn under normal condition:

lucleation is the appearence of some points in the liguid
upon which further atoms can be deposited for the growth of sclid
erystalg. Nucleation occurs in the followlng twoc wa¥s:

(1) Homogenous and (2) Heterogenous nucleation. -

Eomogenous nucléatiun is the occurrence of ordered groups of
atoms forming small zones of higher thap average density. Thege
embryonic erystals are ephemeral and unstable, but some reach a
critical size at which they beceme stable and grow. The smaller
the sritical size of the nueleus, the higher the probability ol
homopenous nucleation occurring. Under-cooling helps in diminishing

the critical gize of the nucleus.

In hetercgencus nucleation the initial growth interiace is
provided by a foreign particle included or formed in the melt.
The foreign particle must be capable of being wetted by the metal,
forming & low.contact angle, and must possess some structural

affinity with the crystalline solid.

It is generally agreed that crystal growth startia in the
molten alley by means of hetercgenocus nucleation on some preferred
site or substrate that lowers the surface energy which is essential
Tor mucleation. Most commercial metals contain a sufficient number

and variety of insoluble impurities for nucleation to occur at
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certain degrees of mnderceooling. If the number of effective nuclel
ig insufficient for a given pPurpose, nucleating agents (nucleation

catalysts) may be added to the nelt,

In the case of pure metals, once nucleation has oscurred,
erystal growth begins and the structures that develop can be
related to the growth conditions, in particular to the undercooling.
For growbtn te occur, mnore atoms must join the solid than leave it
and for this to happen, the tempereture of the interface must be
alightly below the equilibrium freezing temperature. This means

that some undercooling must exigt if the growth is to advance.

2.25 Fectors affecting the nucleation and growth prgcesses

Since solidification is a proceas of nucleation and growth,
anything that influences the solidification process must influence
the process of nucleation or the process of growth or both. The
Tactors affecting the nuclesation and growth processes are (a}

Vapiation of cooling rate and (b) Nucleating =gents.

(a) Cooling rate: If the cooling rate is increased, the greater

is the amount of under-cooling of a melt which increnses the number
of effeetive nuclei relative to the growth rate. The more the
undercooting, the more extensive is the nucleation and the smaller
the grain size in the {inal structure. Slow cooling, conversely,

favours growth from few nuclel and produces coarse grain structures.

The cooling rate of a casting can be changed by varying the
pouring temperature. High pouring temperature is conducive to slow
ccoling, whichk reduces the nuclieation rate and minimises the con-

centration gradient in the liquid. There ig also an opportunity for
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the remelbting of crystallites transported frcm the surface region.
In practice, however, large size colunnar structures are favoured

by high pouring temperature.

On the other hand, low pouring temperatures increase the
ccoling rate of the casting throughout the freezing Tange. With
higher cooling retes, the degree of undercooling increases and
more nuclei are available for growth which eventually contributes

tn the fermation of fine eguiaxed atructures.

(b) Nucleating agents: A nucleating agent is a substance which

can be intentionally added to make effective substrates that
[acilitate the mueleation in the melt. The nucleant must be capable
of survival in superheated liquid and must be in & sufficiently
fine etate of division to remein as & widely dispersed suspension.
The most direct effect of the nucleating agent is the formation

of stable particles as nuclei in the melt, for which small additions
are nenally sufficient. 4 further important effect is that of
prowth restriction due to solute concentration gradients and
constitutional undercooling in the liquid adjoining the crystal.
Lifeetive grain refinement in copper alleys is pbtained from small
additions of iron. In certain cases the function of the inoculant
s to modify the growth rather than the nucleaticon process. This.
is consistent with the fact that undercooling is associated with

the modification.

5. 26 8plidification under centrifugal force

The effectivenees of centrifugal force in promoting & high

standard of scundness and metellurgical gquality depends above all
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on achieving a controlled pattern of seolidification, this being
zoverned by the process used and by the shape and dimensions of
the casting. High leeding pressure is no substitute for directional

freezing, which remains a primary eim of cesting technique.

Considering firatly the casting of a plain cylinder, conditioms
can he seen to be highly favourable to directiconal selidification
owing to the marked radinl temperature gradient extending from the
mould wall. Under these zonditions the central mass of liguid metal,
under high pressure, has ready access to the zone of crystallisation
and fulfils the funetion of the feeder head used in static casting ©°

The steepest gradients and the best conditions of all cccur
in the ocutermost zeone of the casting, especially when & metal mould
is employed. Another important factor is the length to diameter ratic
of the casting, a high ratic ninimising heat losses [rocm the bore
through radiation and ceonvection. Under these condifions, heat is
dissivated almoet entirely through-the mould well apnd freeging is
virtvally unidirectional until the casting is completely solid: the
wall c¢f the casting is then scund throughout. This ideal is closely
approached when prcducing long, thin walled tubes in metal dies

6{c)

and an effective casting yield of 100% is5 sometimes attainable, .

4s the wall thickness inecreases or as the ratio of length to
diameter is reduﬁed, however, radial temperature gradients become
less pronounced. Heat loes from the bore surlface eventually attains
a level at which the temperature gradient is locally reversed,
initiating some freezing [rom this surface. Under theee conditions

a2 zone of interpal porosity 1s asscciated with the last liguid to
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freeze, being normally confined within a band of metal close to
the bore. To achieve & wholly sound end product this norogity
needs to be removed by machinig, an operstion analogous to feeder

head removal in static casting. For this purpose an appropriate

ailowance =must be mede on the cast dimensicnas.

Z.% Centrifugal Casting

Centrifugal Casting is a special form of casting by which
nollov cylindrical chapes in particular may be conveniently
produced. The mould rotates and the melten metal is fed inside
and distributed around the mould by the centrifugal action; rotsatior
continues until sclidification is complete. When the molten metal
is poured into rotating meoulds, during freezing each iayer of
metal is subjected to a pressure gradient across 1ts radial thicke-
neeses such that the pressure is maxioum in the cutermost layer
and minimum in the innermost layer. Actually this pressure gradient
asgists the removal of gases and also makes the casting more dense
and sound. The use of gates, feeders and cores ete. is eliminated

in this casting process.

2.31 Frincivles of Centrifugal Cesting

The centrifugal force produced by.rotation is utilised in
tTwo Ways:
Puring pouring the force can be used to distribute liguid
metal over the inner surfaces of a aould forming nollow cylinders

and ¢ther annular shapes.



The Toree is used in tne develeopment of high pressure in the
casting during freezing. This assists teeding and acceleraises

the separation of non-metallic inclusions end precipitated gases.

The casting of a plain pipe or tube is accomplished oy
rotation of a mould about its own axis, the bore shape being
producad by cenbrifugal force alone and the wall thickness

determined by the volume of metal introduced.

In the centrifugal process a casting solidifies and cools
in the centrifugal field of forces. The ceatrifugal casting cools
both on the outside (the surface in contact with the mould walls}
and on the inside (its inner surface) as a result of radizticn
and air convection. This gives rise to ccnveqtion currents in the
liquid metal, & cooler and,1hence, denser metal moves iroem the
%nn9r surface to the mould walls, thereby effecting solidification

of the casting in the direction from the mould walls to the inner

surface,.

But intenaive cooling of the liquid metal due to convection

and radiation Crom the inrer surface leads te the growth of
erystals which move towards the mould walls under the centrifugal
forces. The crystals growing at the mould walls have &n anple
supply of the ligquid metal, so that Ghey grow in a direction

more or less perpendicular to the melt motion. These features

of solidificotion are favourable for the formation of o tipht-
grained outer surface of the cmsting. The light varticles such

'ms slag substances, non-metallic inclusions, and gases move 1o
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the spner surface of the casting; this process also aidg in
producing & finer-grained structure and tends to glive better

mechanicel properties.

2.%2 Classification of Centrifugal Casting

Centrifugal Casting is divided into three categories:
1. True Centrifugal Casting
2. Semicentrifugal GCasting

3. Centrifuping

{1) True Qentrifugasl Casting: In which the casting is spun 3vout

its own axisy no risers are required and ne central core is needed
since centrifugal force forms the ilnner diameter of casbtings such

as pipe natuzally.

(2) Semicentrifugsl Casting: Thig process is also Known as profiled

centrifugal casting. In this process, the mould iz rotated about
its vertical axis shown in Fig.1G(a) and the centre of the casting
is usually solid. The central cavity in such cases is forned by
machining out the central solid or is formed by using a central
core and pouring the metal around it. Semicentrifugal cagting 1s
usually preferred for castings which are symmetrical about a
central axis, for example, gear blamnks, wheels and dises. In
practice, the mculd is rotated at a speed which will give a linear
gpeed of about 6CC ft., per minuteﬂ5 at the outer edre of the
casting. 4s a result of this low gpeed, the pressurc developed

is not bigh and, therefore, as conpared to centrifugal casting.,
the impuritics are not rejected towards the centire as effectively

as in the true centrifugal castinog.
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(2} Centrifuging: The mein difference between true centriiugal

or semincentrifugal casting and centrifuging is that 1n the case
of true centrifugal or semicentrifugal casting, the axis of would
enincides with the axis cof - rotation whereass in the casge of centri-
fuging, the axis of rotation does not coincides with the axis of
the mould but it coincides with the axis of the whole asseably.

In cenirifuging, several mould c¢avities are located arcund the
central feeder which feeds these mould cavities through radial
gates shown in Fig.10(b). In this case algo the stack moulding

can be adventagecusly employed.

2.3%3 True Qentrifugal Casting Techpnigue

The widest application of centrifugal casting is [or the
production of components which are essentially cylindrical ond
therefore suitable for casting by the open bore or 'true' process.
Such castings are utilized in either of two ways. Many tubes are
used in %he as-cast state. These can eamboedy limited taper or
simple ex.ernal [eatures, although the latter amust, when casting
11 metal dies, permit extraction of the casting. True centrifupgal
casting iz alse used for the mapufacture of plain cylindrical

blanks or 'pots' for the preduction of rings, bushes 2nd other

annular compeonénts by machining.

The main charmcteristic of the true centrifugal casting 1s
that the axis of rotation of the mould coincides with the axis
of the casting and the formation of a central hole through fthe

casting takes place by the centrifugal force without the use of
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a2 central core. The axis of rotation of the mould may be horizontal

. o
vertieal or at scme other convenient angle between O to 90°. The

axigs of rotation mainly depends upon the

L (length of the job) .. e The foilowin
D {bor: of the Job} ratio of the tu g

practice is usually adopted:

Axis of rotation

L ;
For 374 Horizontal
3+>‘% 5 4 ATt an angle between 0% to 90°
L . Vertical
= <

Horizontal axis of rotation:

dorizontal axis of rotation is mere common in the producticon
of castings having tubular shape, such as water pipe, gun harrel
ete, In fact, when the liquid wmetel is introduced in a rotating
horizental would, the metal is distributed over the imner surface
of the mould. Due to the high epeed of rotation, the friction that
is set-up between the liquid metel and the mould material allows
the liquid metal to be evenly distributed and the inner surface

of the casting assumes a c¢cylindrical shape.

There are two principal horizontal exis centrifugal casting

processes avallable in the literature.

%) De Lavaud process, and

2) lcore sand spun process.
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"he two methods are principally the same, differing only
in details of mould construction and the method of introducing

the mnetal.

De Lavaud process: Thig is the most popular method for the

production of socketed cast irom pipeé‘6 in metal moulds. In

thig process, illustrated in Figure 11, a long pouring spout,
supplied frem an autometic ladle, 1s initially inserted toc the

far extremity of the mould, & forged steel die enclosed 1o a

water cooling jacket. 4is pouring proceeds, the rotating mould

is wilthdrawn over the &pout so that the metal is laid progre-
ssively along the length of the mould wall, control being achievecd
by synchronising the rates of pouring, mould travel and nould
rotation. The casting is extracted as thes mould refturns to ity
original position and its accuracy is checked by welghing. High
rates of output are achieved, each machine producing a casting
every two minutes. The fastest output of all, however, is attained
in the production of rainwater pipes using a simplified variation
of the pipe casting process in which several moulds are circulated
through & number of stations for costing, casting and exiraction:

rates of over 100 castings per heour are achieved.

Meore sand spun process

with the slower rates of cooling obtained in sand amoulds,

fluid allevs can be poured without the retractable spout system.

15

Trhe tloore system employs & sand lined mould, driven by a

variable cpeed motor: the process is especially suitable for large



pipes required in small quantities. The metal is introduced
into the mould by B pourer and a controlled til¥ing mechanism
at the raised end. At the beginning of pouring, the mould is at
its maximum tilt positicn and the speed of reotation is ninioum .
Thus low speed is maintaiped during pouring but the mould 1is
steadily lowered into nhorizopntal position. Once the horizontal
position is reached, and the pouring has ceased, he speed of
rotation is raised dépending upon the thickness of casting and
ia maintainsd until the solidification is ceomplete.

Phe horizontal axis machine is suitable both fer tubes and
for long pots production. Since keat loss from the bore ig lower
then in the case of short pots, 2 smaller machining allowance
suffices %o clean up to sound metal and a higher yield can be

achicved.

2.7 Characteristics of Centrifugal Casting

The main guality characteristic of centrifugally cast
material is the high standard of soundness arising from the
conditions of feeding. This factor is predominent in the
improvement of properties relative to those of statically cast
material. To thie advantage may be addea a dﬁgree of structural
refinement, affecting grain size and the distribution of micro-
conshituents. The extent of this depends on the particuiar
process. The most important contribution to refinemnent is rapid
cooling in metal moulds, but cther factors include physical

disturbance in the liguid i1n pouring end rotation and the ability



to achieve satisfactory metal flow using loweT DOUTINF temperatrues
thep would e neceasaTy in the uabsence of centrifugal pressure.
Refinement is greatest in true centrifugal castings made in metal
dies, whilst pressurce castings show little atructural difference
from ctabic castings of siniiar shape: FThe samé may be said of

the degree of freedom from non-metallic inelusicone and random

defects.

The macrostructure 18 subject to similar influences to
those poverning the structure of static castings, the important
facters being alloy copstitution, the temperature gradients and
cooling rates induced by the thermal properties ol metal and aoculd,
and conditions for independent crystallisation as affected by the
motion of the casting. Alloys undergoing dendritic crystallisation
arz characterised by regions of columnar and eouiaxsd growbh. The
Tector it the case of centrifugal casting 1s the relative movement
of iiguid by slip during acceleration %o the cpeed of the mould.
Thisz has been held in some CASES to promote columnal prowth by
dicturtance of the growth parrier of solute rich 1iéuid at the
ipnterface. The overall effect of metion on structure ig, howaver,
complex, since vibration, diminution of thermal rradients in the
liguid, and the possible fragnentation of depdrites can also induce
tne nucleabion of eguiaxed grains. A furtheT effect of motion is 2
tendency L{or columnar grains to be ijnclined in the directiom of

rotation, evidently due 1o the movement of undercooled 1iguid

towards the dendrite probes.

The structures encountered in a large pumber of individual

alloys, parbicularly the zones of columnar and eguiaxed gralns
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pesurring under a wide range of conditions were described and
explained by Hnrthcattq?. I praetice tne most consistent influence
is thnt of a low nouring teaperasurs in producing grain refinement
and esuiaxed structures, wnilst somewnat higher tenperatures tend
to promote columnar grains DY Suppressing nucleation and increasin.

the radial btemperature gradient towards an optimum level.

With respect to properties, centrifugal castinge have teen
frequently compared with forgings. Ductility is in general iower
than in forgings, but there aré wany instances where a cenirifugal
cacting has satisfactorily fulfilled the same function. AL elevated
temperaturea the cast structure offers positive advantages with

rezpect to creep steugthqa. "

Much direct evidence is avallavle of improved properties
compared with the normal run of static castings. & remzrkable
feature of the mechanical properties was the low degree of scatter
compered with that usually obtained in sand castings: no waok
ZONes were ercountered and high elongation velues testilied to
the degree of soundness achieved Little difference was observed
between circunferentiml and longitudinal properties in anpular

castings.

2.%5 Advantages of Centrifugal Casting

Pouring inte a spinning mould and sclidification of the
casting in the mould rotating under centrifugal [orces are the
factors which deterzine the besic advantages of this casting

method, These advantages includs:
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a) It is a eccnomical process for making hollow interiors in

cylinderss

Mo core is needed to form the bore as im static casting
since the rapidly turning mould causes the melt to nove to the
periphery under the force of rotation. Elimination of.gates'and

risers is possible.

b) Casting ig cleaner:

A Tunetion of centrifugal force is seem in the tendency
for mon-metallic inclusions to segregate towards the axds of
rotabion. Centrifugal foree helps in foreing molten metal quickly
into moulds to prevent premature freezing and 2lso agsiats 1in
proper directiomal selidificaticn, so that a high standard of

freedom frem inclusions is achileved.

Qwing to the pressure gradient withio the casting, nucleation
of disselved pases to form bubbles will occur if at ali in the

bore region, wahere the gas can escape reacily fram the casting.

¢) The process produces quality products:

Solidification of the metal in a rapidly rotating mould
results in & fine-grained structure, free of gas and shrinkage

cavities and porosity.

2.% Application of Centrifupal Casting

Exanples of components produced by true Centrifugzel Casting
are listed ip Table 2. Amongst special products produced by cen-—

trifugal casting are bimetal tubes and composite products.
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Bimetal tubes- Alloys of widely different properties can be

combined in a single siructure by successlve nouring of the Gtwo
2lloys under clogely controlled éonditiongg 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 puter by the inner layer,
but in a suitable cage a metallurgical bond 1s achieved without

this Jdifficulty.

Comnosite nroducks - Centrifugal casting can oe used to line a

structural, outer shell with an alloy of special‘properties. F
notsble case is the production of white metal bearings by pouring
the low melting Doint bearing alley into tinned outer shells. A
further example is the spinniug of cast ironm friction linings

into steel castings Tor the production of aircraft.brske drums.

2.0 The effects of preocess variables on Centrifugal Casting

The main.variables controlling the casting quality are the
speed of the rotation of the mould, the pouring temperature of the
melt and the solidificetion time of the casting. These are de scribe:

below:

2.441 Speed of robation: Whe speed of rotation of the amould is the

main governing factor influencing the fundamentals of the process.
Fotational speed exerts an influence upon structure and properties
of the casting, the most common effect of increased speed belng

to promote refinement, althouph thls can alse rise from turbulance

inguced by instability of the liguid mass at very low speeds. On
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balance, to secure mexinum benefit from centrifugal casting, it

is lozical to use the highest speed consistent with the avoidance
of tearing. The main factor also considered ip true centrifugal
cesting is retention of the bore shape against gravity whilst

E{b}_

avoiding longitudinal tearing through excecaive hoop stress

4 .
ligwever, it has been found that density has ot a tremen=-
doue effect on the selection of eptiawn speed to obtain the hest
gquality preduct. In fact lower the density, the higher the Tpa

reqguired for best result and vice versa.

2,472 Pourine temperature: Fouring temperature exerts a major

influence on the mode of solidification and needs to be determined
in relations to the type of structure reguired. Low temperatures
are assoclated with maximum grain refinement and with equiaxed
structures, whilst higher temperatures promote columnar growth in
many alloys. Youdelis and othErsemrfound that eaploying high
POUTIDE tEmperatufes for certain alloys result in &an increase in
grain size and a consequent decrease in tensile strength and
slongation, Similaxr observaticns were also made by other

investigator521 .

*

However, the vouring temperaturs must be sufficiently high
to ensure satisfactory metal flow and freedom from cold laps

whilst avoiding hot %tearing due to excessive superheat.

2.47% 8olidification time: Longer solidification time is conduecive

to slow cocling, which reduces the nucleation rate and minimises

the concentration gradient im the liguid. It also increases tChe

radiz)l temperature gredient towards san gptimum level. In practice,
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these effoects usually predominate and celumnar coarse shruchtures

sre feawvoured,

ke

ine ecuiaxed structures, on the other hand, are erncouraged
Ry shorter solidification tiee, which unot only increnge the
nucieation rate but also produces cxtrvzme undercoeling favouring

the formation ¢f many nuclei. Coluanar growth is thus restricted.

#.% The effects of heat-trTeatment on LSrass:

Cast brass shows a depse dendritie structure and when it is
fully anncaled then these dendrites disappesar ond grain boundaries
Decome prouinent. Also unfiformly distributed pores sre visible
across the entire matrix. If partial anncaling is carried out
taen traces of coring are found in the structure. Kow if the cast
brags specimen is subdbjectad to full deformatien so that i+t becomnes
work hardened, and is partially ennealed at 600%¢ anc held for 5
winttes then recrystallizotion with traces of coring lakes placeE%.
IT theseme deformed specinen of brass is annesled fully and held
at a lopger length of time (=ay 1 hour) at the enncating teapcra-
ture of 800°C “hen twinned eguiaxed grains are Iound in the
structureeg. Agein, if the same specimen is parvially defcormed

and then annealed hent twins and strain bhands are vizible in the

mlcrogiaph.
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%, EXTERIMOKTAL SET-UE

2.1 Introdauctien

The cxperimental get-up was reconstructed ofter 1odifying
& s
some of the components of previcus unit . The detail deccripticn
and aoperation of the present set-up are given in the following

sub-gecticon.

%,z Deseription and operation of the experimental set--up

The experimental sct-up mainly consisted of a permanent
aould, a hollow mild steel shaft, & fcour wheel trolly with 2
ladie and a ladle helder, a healspherical spout a gausge Ting
and a motor. Details of the experimental set-up are shown in

Figure 12.

The permanent barrel like mould was made of cast iron and
was horizontally inclined with the three feet long mild steel
shaft. The dimensions of the mould were; length-14", outer
dismeter-6", thickneas-%". In order to esse the removal of the
product, the vouring end of the mould was meade slightly larger
in diameter and 2 ring was fixed at the end %o held the casting
within the mould while it is in moticn. There were two slots on
both ends of tho s=haft—one for Key arrangement with the f{lanpe

and another for locking with the pulley.

A A" bore was made throughout the entire length ¢f the shaft
and a mild steel rod was inserted shrough it for holding the end
plate within the metallic mould. The end plate was used for deter-

pining the axial length and ejecting the casting from the hot mouls
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Trolly was an essentizl part of the experimental set-ugp.
Its main purpose was to make an arragement for uniform and
regular pouring of metals and alloys into the rotating mould.
It ecouid move backward and forward on two rails, The dimensions
of the trolly were about 15" long and 12" wide. About a two feet
loug hemispherical shaped spout lincd with fire clay was attached
with the trolly. The height cf the long spout was such that at
the instant of pouring some qelt wsould have split ocut. In order
te prevent this, the heisht of wemispherical spout waes increased
by 2" on hoth sides and subsequently Fire clay lining was provided
with o view to reduce the heat loss. I+ was moved oo 2 siopy rail
track and its euntry into the mould could thus be regualted. The
muin function of the spout was to ‘ransfer the molten metal 1nto
the revolving mould uniformly from the ladle Fig. 15(a) which was
pluced above it. The ladle (eapacity 20 1ps) was made of mild
stzel sheet over which fire clay lining was imparted to withstand
mascive thermal shock. It was an ilnverted conical type with 2

slopy bulge at the rim to facilitate pourinm.

Phe ladle holder, made of cast ircn pipe had a bracket end &
an extended nandle to ease the pouring zapually vet safely by
sinply rotating the hardle. The length of the handle was extended
to tilk the Jaale between ¢ to 90° by simply-rotating the other
end of the handle From a far dlstance. The arrangement zlso aveide

the risk of having any split of mel® frem the rotating mould.

The gauge Ting 18 employed to determins =and maintzin the

required thickness of the product, shown 1n Fipure 13(b).



A 7 d.F. electric motor was usedrfor rotating the casting
machine and its gpeed was about 2800 revelutions per minute.
However, the required spinning speed of the mould was achiesved
by changing bthe pulley's diameter connacted with the shaft of
the machine utilisierz 2 V-bslt. This =spneed was zagain comparad
and recorded with Lthe help of a Digitul Tachometer which zave
the nirect measurement of the speed. The V-belt worked as a
mediun Lor transfer of power form motor to the shaft of the castiag
mzching. dowever, for the present invesiigation the nould speed
was used as 1800 rpm, because this speed gave best results for

brass castingq. !

%.3 Copoling cdevicge:

Cooling water for quenching of the rotatiog mould was
supplied from a mild steel ceontainer with a reciangular cress-
section in vhe form of = bottom less trough at the top {rig. 4.
The lower part of the contalner was mede in tne form of o trun-
cated inverted pyramid welded %o this ULrough. Thisz inverted
pyramida had aizo a perforated basge aasving a rectanguiar LToos—
sectlon through which coeling water could bhe sprayed £o the

rotating mould placed at the. bottom.

The supply of waber could be stooped by putting a [lat
stopper over Ghe perferated brse whernsver necessary. The arrange-
ment was such that when the container was full of water, the
stopper could be turned on to make the water fall ou the rotating '

meuld as mneccessary through the small pores. The flow-rate was
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contzolled by regulating the water tap which continucusly
supplicd water fronm the pipe line inteo %the container. Thus, A
constant level of water could be maintained in the container.

in orger teo facilivate the removal of the stopperlcasily, quickly
and safely from the base of the convainer, a handic made of ﬁild
sbeel was atvached te 1t. The conteiner with about two gallons

of water rested on four legs (nade of w.s. angle) which .ere
olaced safely on the ground at a distance of about %" from thoe

rotating mould.



5. EXFERIMENTAL DETALLS

4.1 Introduction

A seriec of experiments were carried out with Brass in
grder to determine the eaffecnts of freezing time on the microstrue-
ture and propertiez of the centrifugally cast products. In order
to achieve these ohjectives, a centrifugal casting machine with
permanent mould, speciel cooling devic% a natural gas fired pit
furance, a trolly with crucible holder and a hemispherical spout

elc were usad,

4.2 Moulding Meterials

Cast iron mould was chosen for the centrifugal casting machine
because the casting conditions are more constant and controllable
with this material. The casting cycle was kept constant in ordsr
to maintain dimensional consistency. The mould was dressed with
graphite powder along the gauge length and preheated by gas torch

telfore pourling the melt.

Green sand was used as. moulding material for making sand
mcuids. The properties of the moulding sand depend on its compeo-
sition and the manner of its preparation (mulling or milling
conditions). In the present work the moulding mixture consisted
of natural silica, clay coal dust to which 4 %o 6% water was used.
The A.F.5. finensss number of the sand was measured by Tyler's.
Sieve Sheker and was found to be about S5, The seme sand was alase

used Lor making the core.



_.:)'?‘_

4.% Melting and Cagting:

Local brass scrap consisting of water taps was taken in a
graphite c¢rucible and melted in a patural gas fired pit furnace.
The addition of heat continued beyond the melting raoge of the
brass which is about 1010°¢ - 1030°C. After raising the tempera-
ture of the furnace well above the melting reange of the brass for
suffizient time, the crucible wes removed from the furnace with
the help of &2 clamp having a long pair of arms., The molten brass
gontained a huge quentity cof slag and in order to .renove these
slags the addition of flux became imperative, Therasfore, roseco
ﬁeoxidizing tube (DS~2)~ one tube was added intoc the crucible
and stirring ccontinued for scmetime. Then the melt wag poured
into the sand made ingot mould and the molten brass was allowed
to s0lidify in the form of tapered ingot each weighing about
10 Kg. After solidification, the materisl was tested to determine
it's content., The material was analyaed in the laboratory and

obtained a composition of about 7%% Cu, 25.9% Zn and 1.5% Sn.

Phis brass ingot was melted in the pit furnace in the same
manner as before. Alter melting, the crucible was removed and
skimming from the top of the melt weas necessary prior to pouring.
The melt was then poured into the ladle fitted with the troliy.
By revolving the long handle, the ladle was tilted and the melt
was poured into the mould at about WOBDGC, while the mould was

rotatving at a spzed of about 1200 rpm4



After mel%ing the charge the temperature of superheat and
pouring temperature were meagured with the help of a Digital
Theracmeter which gave a direct reading of # 2°g accuracy. In
order %o zpaintain a high degree of experimental accuracy for all
exoseriments, i1t was necessary to take note of the desired pouring
temperaturs.

Sevaral castingslwere carried out in the piresent iovestigation

ueing the centrifugal casting process saolidified at various cooling

rate and also using the conventionsl sand cagting procesa.

“ach casting was individually marked for identificaticr as
shown in Figure 15 and the metallographic specizmens were identilied

with a vivrotoel %o avoid their defcrmation.

4.4 Process Variables

Among the various process variables which affect the gquality
of the casting, orly the effect of freezipg time omn the structure
and properties was studied in the present iovestigation. This is

briefly described in the following sub-sections:

4.41 Variation of freezing time:

After hringing the centrifugal casting ambBehine in operative
cendition, the wvariation of freezing time on the castiog was

achieved using the following procedums

{i} by delaying the solidification process with the applicatio

of heat usiang gas flame arcund the rotatiog mould.
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(i1} by spraying cocling water through special cooling
device around the rotating mould which uromoted faster

cooling.

In the first stage, Ywo experiments were carried out. Firstly,
the mould was prehezted to about 100°C and the melt was poured
into the rotating mould. When the casting asolidified, it wes taken
cut. The s=econd experiment was carried cut when the rotating

mould temperature was about 400°¢,

In the second stage, the thirvd experiment was conducted at
about 20%C. This was achieved by applying ice cooled water around
the rotating mould. The selid ice was put into the funnel and weter
was poured on it, 25 a result the water temperature came down to
about 20°C. The water spraying was continued until the cesting

vecazne solid.

Another experiment was also carried out {fourth omm) with
sane materiel in The conventionzl sand mould {(static). This was
dong only to compare the results with those cobtained in the
centrifugel castings solidified either at longer or shorter

fieezing tiae.

4.4z Calculation of freezing time:

The freezing time was calculated using Chworinov formula
in the following way:

Volune of the hollow cylindricel casting, V =7Tr$h - rgh
2 2
-ﬂh(r,.I - T5)
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Surface area of the casting, 4 Quter gurface area + 1nner
surface area + Area of two
end faces

= E?T{r,] ~ rEJ h + 2nr2h+

c =
E?T'::I‘,.l - T, J

. 2 2
= £7T(r1h - rEh + rEh t Ty - Ty
2 2 ‘
=_E?T(r1h + T4 - T, 3
v 7rh (rf - T5 )
Modulus, n=x = > 3
E;rr(r,.lh t Ty - T )
2 2
h (rq - 5 ]
= o, ~
2 (rﬂh + Ty - rE)
Heigit of ¥“he cylinder = 27 cm h = 27 em
Juter diameter of the cylinder = 12 ca T, 1% = O ¢m
inner diameter of the cyliander = 9 cm .= % = 4.5 ¢cm

o 27 (8% - .59
2 (6 x 27 + 6°

- 4.59)

o 222:22 . 4,192 e
355.5

Splicification time, ¢ {(in Min.) = 2.1 x ME

= 2.1 x 1.4309

t - E-DD Il'r.iEr.E-

The ireezing time for the casting of present ipvestigation

was found to be about 3,00 minutes. Since the Chworinov rule holds
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wood for sand casting, therefore the solidification ftime for

*he <casting in rotating metal meuld must be less and should be
further leas when cooling water was sprayed over the rotating
mould. Thus, the sclidificatien time should be less than 3.00
minutces for either cases. When the mould was heated upto 400°¢,
in vhis cuse it is very difficult to envisaga about the deviation
af golidification time but the etructure and properties of the

casting would respond it better.

4.5 Heat Treatment

41ltwough a nunmber of heat treatment process cam be applied
on brass but in the present work only the effect of amnealing on

the micro-structures and prop&rfi&s was investigated. Anpealing

process for brasgse 1g described below:

iAnnealing of brages was accompllshed by heating the specimen
to 1000°F (55800} in ap electric autometic control mulfle furnace
and holding it at that teaperature for 1 hour end then relatively
slow cooling to room temperature in the furnace. Except for Alpha-
betz wlloys and certain precipitation hardening alloya, the ratag
of henstipg and coeliné are relatively unpimportant {for brass
annealinfﬁ'. After cooling to room temperature, the specimens
were removed Irom the furnace and were studied on the basis of

their amicro-structure and properties.

.8 Metallography

Metallographic specimens were prepared from the casgt hellow

c¥linders made ol brass and selidified at different cooling rates,.
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Thes: ware polished in the usual manner., Final polishing was
carried out with fine alumina powder (0.% micron) by hand. This

wag necessary to remove the micro scratches from the specimens.

The brass specimens were etched in a solution of 20 ml Ni,OH
and a few drops of freshly made HEDE (3% by swabbing the specimen
for 1 minute.

Tne micro structures of various specimens were examined under
eptical microscope to see the structural difference at different
magrifications. Wetzlar Universal microscope and Swiftmaster
photugraphic microscepe were used for the examination and photo-

graphisally recorsding of the representative microstructures,

regpectively.

4.7 beternination of Mechanical and Physical Properties

Fropzerties like ulbimate tensile strength (G.T.3.}, % elongatior

and hardness were determined for varicus brass castings. The detail

procedure is glven in the follewing sub-sections:

4,71 Determination of Tensile Properties

Tencile testing wos conducted using a 24 Eg Hydraulic tensile
teeting machine with a screw type operating cylinder using 45 W
scale. A schematic diagram of a gripping device for threaded-end
specinchs Was shown in Figure-"6. The standard 0.25 in (6.25 mm’
dimaetar round test specimen with dimensions shown in Figure- 16, .,
wag used Jor tensiie testingy? of wvarious brase specimens. The
U.T.5. in newhons per scuare ma and percentage of elongation were

ootained. The results were averaged from three determinations.
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4,92 Eardness Meesurement

Brimeil Hardness testing was conducted using Avery Brinmell
hardness testing machine. Te determine the Brinell Hardness of
‘the Hrass casting, 10 nm diameter indenter and applied load of
1000 Kgf were used. The BErimell hardness number (BHN) was

calculated from the following eguation
F

B = D Ij] 3 {DE- 12)}&}
- .
wheres ,
¥ = applied load, kgf
I = diameter of the ball, ma, 2nd
d = pean diameter of the iwmpresaion, om.



LY .

5. OESULTS OF Tk AxXPEdTMENTS

5.1 Introduecticn:

The antire résult was divided into twe vhases-for the
rurpcese of comprehensibility and convenience. The first phase
comprises the results of the effect of freezing time on the
microcopic coservation of the cast specinens and the second
nhasa comprl%es the results obtained from various proverties
ol the cacet specimens for Hoth the as—éast and annealed condition.
These results ere expinined through different figures, tatices

and micrographs:

o.2 Microscopie observations:

Metallographic studies of the specimens for bobth as—cacs

and ouncaled condivions are lfurnished below:

L.2% As-cast condilion:

Microsbructure of the ceotrifugally cast brass solidfied
at mould temperature of EDGG, shows Iine epuiaxed grains, whereas
the castings sclidlified at WEOOG and 400°¢ show larger equiaxad
grains (Figs. 17 to 19 ). It can also be seen that there is no
existance of any derdritic structiures in the micrographs. The

Q.

average grain size of the castings solidified ut 20°¢, 45GOG and

] - . . .
400°C are ameasured to he Z, 4 and 7 microns, respectively.

Un the other hand, the microstruecture of the conventional
sand cast specimen shows fir-tree like nmassive and dense dendrites

(Fig. 20 ),
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S5.722 ftnnealed conditien:

Microstructure of che centrifugally cast brass sclidiried
. o o . .
mzuld temveratures of 20°¢, 150°C and 400%C are shows 1s Flgs. 24,722
and 23  regpectively. It con be ggen _that the graine of all She
spocimens are ouite large and almest similar in f5lze. HBtrain
oands are also visible in the specimens. In sand cast SUECLMEN

traces of coring are prominently visibie near the grain boundaries

(Fig. 24 ),

]
. - .
The comparature results of the ETraln size measurementns [or

25-cast and annealed specimens are shows bolow:

Mould Average Grain
Tenperature 5128 (amicron’
(e Ags—cast allngaled
20 3 20
150 ! 22
4O 7 22

5.7 Tensile togtg:
Tensile test results of the snecimens for both as—cast
and anneaied conditions are graphically shown in Figs. 25 il

o, and Are sumnerised in Tahle-3. Dasecribtion or the ecults

ire turnished helow:

5.31 Ap-cast Condition:

L% 18 noticeadvle from figure "25 . that the bensile siren=tih

of the wpecimen snlidified at mould temperature 70°C g hipgher
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. s s oo O U
than thoge of bhe zpecimens solidified at 15072 and 400°C. It
iz alse noticeable (rom fagure 25 tThAat the percentage elonraticon
1s higher in casze of the rzpidly seclidilied specimen comoarsd ta

fae ofthor Ywo specimens solidified at higher mould temperitures.

5.32 Apnealed Condition:

[t can be seen from figure 25 that the after zunealing,
the strepgth ol 211 the specimens increased alaoat in similar '

aoroporkions.

From [igure 2 it can be seen that the porcentage elompwting
cf all the zpecimens increased due to annealing but the rate of

increanen is More rromcunced in case of the rapidly cooled sptci-

Ter conpared vo others.

Conparative risults of tensile properties of Lhe as—rzar

And oanncaled specimens are shown below:

Mowuld ITs {Nﬁmﬂg Alongation (%)
Temperatulre -
(ec)y - As—cast [Annealed | As-cast | Anrealed
20 M2.0 A2I1,5 21.0 B4 .0
150 200.5 320.5 18.9 550
400 240.0 25,0 15.0 20,0

5.4 Hardness:

Hardrness test results of %the srecimens for as-cast and
annealea condition are graphically shown in Fig. 27, znd are
summerised in Table-3, Description of the results are furni‘shed

e low:
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5.4 As—cast condition:

Hardnegs value of the specimen cast at lower mounld tempe-
rature shows higher walue than those cast at higher weculd temps-
ratures (¥ig. 27).

.4z Arneazled condition:

It can be seen from tue figure 29 that hardness value

of all Lhe specimers are increaced after annealing.

Coaparative results of the hardness test of the as-cast

and annealed specimens are given below:

Mould dardocss (BHN)
Tegperat“re As-cast Annealed
(e
20 76 - o8 .
150 55 73 ,
400 25 5%
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A

.Y Introocuction:

, FT
Structure snd vroperties of centrifugally cast. -Drass
25 obtained from the experiments have been shown 1n the previons
chapter. Mow the results are to be discussed here with a view to

sugpe st some recommendations.

v

b.2 Microstiructure of the castings:

Microscoplc observations of the specimens in the as-cact

and annealed condition are discussed below.

S.21 LAs-cast condition:

Ic centrifugal ecasting, %he mould is.retated at & pro-
devermined speed of 1800 rpa. which gave good resultqand the
Tipe 1s formed zluost as a series of welded rings and anulﬁﬁous
To winding a rope inte a helical coil. As soon as the aclieon
stream contacts the rotating mould, the melt spreaﬁs over the
untire lengfh of the meuld cavity. With further flow of the
metal [rom the s=pout, the wall thicknees of the pipe builds uﬁ
graduslly and uniformly over the entire Jength. Immediately
after peuring, inertia prevents the melt from taking up the
speed of The mould instantly. Thus relative motion exists hetbween
thne adjacent liguid layers and slso between the melt and che

t

previously solidified layer. In the sclidified layer, the mels

flows across the Iront of the growing erystals and the shear

stress fractures the growing dendrites.

% _.__ It 4g considered that the arms of the demdrites ZTom

fhe sclidifyisy; fron¥ are broken ofl Uy the rapid fliow of new
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iipuid, bhus ferming a multitude . of nucteil ip the new sriival.
Enuiawial mrains then start to grow in the new wave until The
noxt one arrives and the preocess continues. 4s a resull. Lthe
structure consists of fine equisxed grains' (Fig.17); whereas in
the sond rcasting, dendritic structures are visible, Locausc no

fragmentation or breaking of the structures accurs.

Average rrain size of the castings has been measureq by
ccunting the number of grains in the length-wise. interceptions.
Lt can be geen from table-3 that the average graln sige for cie
castings solidified at 20°¢, 150%C and 400°C are 3 micwon
4 aicroma and 7 microus .respectively. Actually in water
cooled mould, the melt solidifis guickly that means extreme
under-cgeling occurs for Iavouring dcreé nucleaiicn and lessor
growtn, resulting fine eguiaxed géain. Un %he other hand, longer
solidilicaticn time is conducive te slow ceooling which reduces
the cegree of underéaoling and the nucleation rate. Thus, (owoer
nucelel are zvailable for growth which eventually leads te the
formation of comparatively coarse crystals (Fig. 4o ) and hence
Lhe averape size nas lunereased. Therefore, the rate of extrachicn
of neat from the mould wall has a tremendous €£fect on the sbuc-
ture of the solicifiled castings end as such it can be znforred

that shorfer the solidification time, smaller is the rrain siwc.

=

£.22 Annealed Conditien:

Tne centrifugally cast brass containing fine eguiaxed
wrains, when annealed, gave rise to twin crystals

gleag with strain bands. (Figs 29-24). When sand cass brosge



- 50—

specimen is annealed after pertial defcrmation, nent twins with
strain bande are wvisible Throusghoutv the ctructure 9. These bLent
twins appear due %o The annealing of the partially delormed
specimen where the grains become elongafed. How the guestion

i why these types of phenomena occur in case of cenvrifugal

¢

CAETiNg.

-’

It ie envigaged that in casgse of centrifugal CHsting_dend“ife
fragnhnbution geeurs, favouring ecquiaxed prains and The phonomensa
can be conzidered simllar in effect as partial deformabion In e
sand castiag. Actually, in centrifugal casting, the growing tenderx
crystals undergo some soxt of delormation due to high soeed of
the mould. Therelore, wnen the centrifugslly-cast pfoduct lc
annsaled, fwin eguiaxed grains with the existance of zeveoral

strain bands are visilhlie.

"

Due to annealing the average grain size of the structure
nzs increased [rom 2 micron o 20 micron, &% micronm o 22 wicron
znd 7 micren to 22 micron for the specimens sclidified at
mould temperatures of EODG, 1ﬁDUG and NDDDG, respectively. This
reiatieoenship is graphically shown in Fig. %B. it ¢an he seen
that the effect’ of annealing has become more prongunced in
cage of the specimen seolidified at mould tenperature of 20%g.
This iz because due to faster cooling morelnEUGleatlon aooured
anc Ligher numbers of amall grains were available in this specimen
than slowly cecled specimens. Duripg annealing, snaller pgrains
fiave more cpportunity te diffuse and to be come higger than tlhicse
0 others which were originally larger grains. Another reason aay

be that the grains of this cpecimen in the as—cast condition.
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were in fuily stressed conditicn. As a resuvli, when this snecimen

is apnealed, the stressed grains have been relieved Fizlly 1.2, " he
prains have zZot full recovery Zrom the stregsed condition, On the
other hand, the specimens of the castings solidified at higher
aould temperatures The grains were scaewhat less stressed condition
rince they were cocled comparatively slowly. Therefore, the efvaect
of annealing on the change of grain size responded nore proncuncedly
xn tas casting solidified at mould teaperature of 20 conpared

toe nther two types.

o.% reatures of as-cast and annealed Erass:

The properties, according to the results obtained I'rom thz
as-cast and annsaled Brass are shown graphically in figures 25 no

2% . The =zlaent features of the above curves are discussed belay.

h

»%1 Tensile Bbtrength:

1t can ne seen from Fig. 25 that the strength 15 hipher in
vne casting selidified at mouvlc temperature of 20 coaparea to thes
castings solidified at mowld ftexperature 4BOGC and 40C0%2. It 1o
considersed that the faster cooling rate has given birdn $o smallep
rrains and dense siracture with low sepregation, resulting enhaneed

strength.

L

When Tnese specimeéns are annealed syrength of all *he casotin-s
) ¢
lmproved to some exient. This is probably cue to the uniform dis-
r
tridutien ol the particles concentrata2d at graln boundaries Auring

2nnealire.
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o.%2 harcuess:

it can Le =een from Fig. 27 that the hardness of

o e

rdstlJ
cooled cas-ting is higher than those cbtained at comperabively
slowly cooled casting for both a@s cast and annealed concilion.

[}
The reascr may ve that befere annealing ‘he grains of faotliy
conled gpecimen were in stressed condition cﬁmrnred to othera.

Doring ancesling dne Lo presipition hardening of the cecondar:

phases, hordness of all the specimens have improved slightly.,
2.22 Eloppaticn:

T o -
It can be geen frod Fig., 26 that the % eleon~alion

A

af the casting sclidirvied at faster rate exlibits slightly hisher
gleonmabion than those of the casting sclidified at higher monld
teaperatures.The rzazon behind this may be that [azter cooled

specimen contained samaller grains compared to others (lable .3

When thke cactings are annealed at EEBOG for 1(cne) aouxr ik is=
surprising Lo see That the castings solidified at lower aculd
Lempelature {EGGG} ghows 160% inperease in elongstion. On the
cther hand, thke castings selidified st ﬂ5GDC and 4C0°6  mould
teaperatures show B84% and %3% incréase in elcngation. [Facts
balieved thege remarkatle differentdiil dmerease in elongatioﬁ
may be duve to the removal of internal stresses and eilminantiom
of nicro-sepgregation frem the structure, singe all cast wlloys
24

are cul.ject boe microsegrepation , The segregation naoy be onis

a carcentrotion pradient within the dendritic arms or it may be

o
<1
o
e

a second vhose wreciplitation at the grain beoundaries, Aczin,

, 2

genatrisunal neperavicn of =suspended erystals or Znscluble phnscs

Lz

cAan poccour within the liquid, creating & tendency for the leos



denze constituents to ke transported towards the centro. AL o
nore advanced stage of Ireezing, low meiting point licuid can
fiow outwards .hrough passages between the rigid netweric of
interlocking mrains. The annealing treatment minimises or elimi-
nates this concentration differencée and homogenises the entlirc

structure. As a result, the ductility of the casting zmproves.

Mow the question may arisethat why this has hoppswned sharply
in water cocled casiing. The probable answer may be that in the
water cooled casting, the solidification was too rapid lor appreci-
able diffusion yet to occecur and thus ceoncentration dilforence
mignt vnot elimin.te completely in $he as-cast coniition. On the

cther hand, castings scolidified at other mould temperabures
O .-

1

(5pe:ially et 0072, had encugh time to minimise the conecentration
differences iv the structure. Therefore, the homogenisztion
(annczling) toeatment could no® iamorove the strength and ductiiziy

ol tirese vasbings as wuch as coupared to water ccoled casting.

During amiealing, the concentration differenece and the
preciplitiations are absorbed by the matrix giving better resulis

(F1z. 21 ). This iodicates that the annealing traatment respondsd

nore effectively in the water cooled casting than the castings

4

zolidilied at warious mould temperztures.
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- 5. CONCLUSIONS

The following conclusions may be drawn from

of the present investigation:

F -

(1} I general, the centrifugally cast o{-brass specimens

have

cast brass.

superior phyeical and mechanical properties than the sand

(2) The true centrifugal casting process yields satisfactory

results with respect to nhysical appearance, microstructurs andc

nroperdes specially when lce-cceled waker sprayed ovar the rotating

nouldé. This set of experiments suggest that shorter the sclidifai-

cation time, finer the ecguiaxed grains and higher the mechanicsl

pronperties,

(2) Apnealing treatment responds aore effectively in the

casting solidified at water cooled mould than the castings |

sclidified at wvariowus oould

-

shown a great effect on the

centrifugally castdl -brase

temperstures., Annealing has also

grain size of the rapidly coocled

specimens. '

(4} B3and cast brass specimen shows prominent coring effect nec»

the grain beoundariss, whersas the

not show such effect. AT The =ame
rast brass specimen does not show

A

AugAally cast brass spnecimen shows

time ,

centrifuzally cast apecimen do

after annealiangy the sand

any strain bands Tus the centri-

equiaxed grains wikn ztrain bande.

(5 The results of the tensile and hardness tests are com-

pletely in Recordance with the metallographic structures gbhtaired

*n the present investigation.



8. SUGGESTIONS FOR FURTHER WORKS

In Bangladesh a considerable quantity of Brass castrnps
are being carried cut %o make products of variéus finds for wen
in different industrial snd commercial sectors, Conventional zand
mould products are nod guite good specially lor presaure Light
fittings and cylinders., If these are made by uveing coentriimgal
zastings process, the guality would considerably ilmprove. L
true centrifupal casting methed is not yet much familirricse in
the lecal foundries of Dangladesh, The experiment carried oul
in ©rnls text nay introduce a new chepver 1f implemented in ihe

industTy.

Fowover, the following Turther works in this field needs to
be carried cut to give a conelusive sugrpeation: regardin;; the

improvemesnt in use of Cu-Zn alloys in the industry:

(1) 8tudy may be carried ous using. fronze (AS% Cu, % sn,

W b, 5% “n) and vun wetal (805 Cu, 0% Sm, 2% Zn), which are

aleo very widely used in domestie und industrial applizaees.

(2; Centrifugal custlng machines are a bit costly apd azc
used ler only restricted shspe, “herefore study may be carried
out how To meie other products of intricate size and shinre v=ing

this machine so that practieald applications are gmore Tacilituted.

(3) Yurther study can be carried oput 0y changing other
parameters of the process suech as pouring temperature of Lhe melt,
rould material, aunealing temperature and time ete, to search out

tne best possiblie results. 1
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labkle - 7

The ruenge of composition {nzr the three
nwases of brass at reom aad solidus

b
temperature.
Jeuperaturs sine &
e et ok (o ()5‘
At room O - 55 35 « H6.D AG,6 ~ 50.6

At solidira ¢ - 32,5 32.% - 56.0 36.8 - 56.5




Table 2

Tvpical Applications of ©en

i
Lr

., L)
I'la

-

gl Custings

L R

i) As—cust

roducts

I'nnes for water,

o and SeWage

L
Puling lor reforners

hadiant bhbes

liuinwater pipes

[Materisl

Cast "lron

Heat resisting steel

Cagt iron

W) Machined From

pots

Gas

Boaring bughes

Paston rings

Cyvlinder liners
FPaper making rollers

Lurbine rings

-Runeut rollers

Copper clloys

Cast iron

Copper alloys

Heat resisvting steel
end nickel pase alloys

Carbton steel

¢) After heat-
treatment

(annealing}

Large diameter Iron

pipe

Cast iran ar

Dactile iron




Table-% 1 Fropeviies of castings solidified at various wmouid

teaperatures, asg-uast conditicn and annealed concition.
Cagting Mould LTE (Hfﬂmg Elopgation Herdrness Grain pize
Torpe Temp (%) {BHN } {Micren)

JE (Oé)- Ag-cast rAnnealed fhs-cast !l innealed | As—cast{Anneald [fs-cust|innea®q
Centrifugal 20 2.0 31,6 21.0 4.0 70 ris) 3 20
Casting 150 300. 5 520.5 | 18.9 35.0 55 7% 4 22

400 176 .5 262.0 15,0 20.0 55 63 v 22
Sand T00Mm 17545 185.1 4.5 18.0 43 45
Casting Tenp.
(atatic)

_Eg_



b 2

Figure 4

Fi-gura 7

i ——— A — —

—

= — - a —— - T —r

. |
o |
w End of soliditicalion End ot saligiticotion '
g | freezing e | ) '
g [ palnl i susen-.
e BT 1 cooning)
o | Stert of seliditication 2 Byl
i a
= Stort of solidification
) t
TIME TIME
"o B}
L TSI T T e - = IR T T T e e
- Colling curves of a polidiflying pure oetal.
n) Equilibriua cooling
b) Cooling curve showing super coolliog.
Safid i retin ¥*i L
| L]
.\‘!’l’:l'f-‘h'- n “'
'L 1‘ » - - ' ' "'
- an ‘:
Nocleus

N Y.

:_éolidzfibutién of & getnl. For f.c.c.-ﬂﬂd‘ﬁ.é;gf_
metals dendrito arms extend in the cube face (100)

direqtinna. o i




— 60—

Rigure »3

Figure &

" Ll
a

TEMPERATURE
TEMPERATURE

PEA CENT ALLDYING ELEMENT TIME
@ (b)

- Effect of alloying on the solidiflication temperature
of a metal. .

a} plot of solidification temperature verse percent
elloying elenent,

b) ideal cooling curve (equilibriun cooling) of alloy

'l.r. ---------------
ucieol )
[ ]
F] . -
: Tl ————————
v (solhidus]
£
-

1 Eeaa o
cequnafpntim] Liguid

a Cigpant Cyouran

tisrance frem Enqutd woil

- Schepetic represetation of temperature distribution
in plane front golidification.




Fig:}_re 1

: pj.g,

Py — - —— — I S p—

| Solldlﬁcaunn of Casung.s
[ i Sofid Ccouid
Mol m=ts) metal

S 5 ;
X . & :
JUCE )
- '
Room {femp — .
L - D&shnmffrnnﬂdwﬂth

e p— _——

-~ Temperature :‘.istmbutmn showmg heat flow during| |
unindirectionsal solidificetion from & flaot mold !
wall. -

Fp e e = - . -

b o L S

. Solidification of Castings

}—

Rats of st fieation from & Bt madd wad. Thickress of
|mm;::mnmumm

e e | -

] 5
~T { ety




—-652—

L. —- o, BN

—

. A _
Figure ¥ -~ Stecl castings "bled” at the tizes shown solidified
skin remaining.
| 20m | 7 T T ] I I 1190
1=of- i -1,
- Licpaky
N = a+ L
[
] L T
- - dm9
s}~ . 1
! L, by ’ ¥+ L
! - % o k|
. - = -
i - A o
L r |4 . |
o +K
WXl c EsL
. L
I #e rb J |
i) & |
ewi- ast]| g | ey rim| O L& .
1 I i I X ! A e |
¢ io 0 » « ] w0 w W W -
P ] Bn .
—— . T T 0T S LT T T T T
FPigure g - Equibriun diugran of..Copper-Zine system.




C

Temperature, *C

H..am?

P10, 9 Fawbibrium ispram and techerkal progertis of brazmm.
g o N -3 o ]




Figure 10. - n) Scoicentrifugal stack molding of track wheels.

b) Ceptrifugal castings with internel cavities of
irregular shape.
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Fige 17 Microstructure of centrifugally castoi=hbrase
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