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TEXT BOOKS:

e 1. “Manufacturing Process-1’, Dr.K.Radhakrishna, Sapna Book

House, 5th Revised Edition 2009.

e 2. “Manufacturing & Technology: Foundry Forming and
Welding”,
P.N.Rao, 3rd Ed., Tata McGraw Hill, 2003.
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Syllabus

MODULE-1

INTRODUCTION & BASIC MATERIALS USED IN
FOUNDRY

INTRODUCTION: Definition, Classification of manufacturing process, Metal cast in

foundry- classification, factors that determine the selection of a casting alloy.

Introduction to casting process and steps involved. Patterns: Definition, classification,

materials used for pattern, various pattern allowances and their importance.

SAND MOULDING: Types of base sand,requirement of base sand.Binder, Additives

definition,needs and types.

PREPARATION OF SAND MOULDS: Molding machines-Jolt type, squeeze type and
sand slinger. Study of important molding process: Green sand, Dry sand, Core sand,
Sweep mold, CO2 mold, shell mold, investment mold, plaster mold, cement bonded
mold .Cores:Definition,need,types.Methods of making cores, concept of gating(top,

bottom, parting line, horn gate)and risering(open,blind)functions and types.
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METAL CASTING & WELDING

® Deals with shaping of raw material

Input Manufacturing process output

(raw material) (finished product)

® Conversion of raw materials to useful end product
® Casting ,rnachining, etc. are processes
o Step involved in conversion of raw material is processing

® Mechanism of getting end products is called manufacturing
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Classification of MP

2 Casting — fusibility

2 Welding - fusibility

- Machining process - divisibility
~ 0 Rolling process ~
2 Forging

2 Extrusion process| ductility or malleability

_ O Wiredrawing

1 Sheet metal process — plasticity
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Based on the properties of material

a)
b)
)
d)

e)

Fusibility — liquid on heating, solid on cooling
Divisibility — cut into pieces under external pressure
Ductility - drawn into wires

Malleability - drawn into sheets

Plasticity - deformation under external load without

fracture

CUTTING OPERATION - NON CUTTING OPERATION
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® Primary processing
1. casting/ forging
2. Metal Working

® Secondary processing
1. Machining
2.Sheet forming
3.Joining

4. Surface Treatment S.Rolling 6 .Extrusion
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Casting

Mold for a sand casting

Parting hine Gas vent  Riser Pournng cup

\ ¢ \

¥

Cope

AL - N

s

Drag

Mold cavity  Core Runner Sprue

waww sitbstech.com
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Welding process

Welding machine. AC or DC
power source and controls

Electrode holder

- Woark cable

TE|EﬂtdeE& (“hot™ cable
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Machining Process - Turning

L X JRES A

A\
O \ FI)enth of
culin mches

Spindie speed in rpm or %
sutting speed in surface P

feet per minute {sfpm) Feod in inches

Co— v w0
revalution

Turning and the adjustable pa-zmeters
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Machining Process - Drilling




Machining Process — Milling
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Machining Process — shaping
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Machining Process — Grinding

Ground Surfa e

T Grnding Whesl
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Rolling process

strip or
plate

0
(;~ i; rollers
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Forging process
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Extrusion process

cylinder

—> jo' ram billet L }—>
!d' ‘ ‘.|.
r_x_- extrusion
i
dummy block
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Wire drawing process
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Sheet metal process
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Process Selection

® Shape and size to be produced

® Quantity to be produced

* Type of material

® Surface finish and dimensional accuracy
® Quality and property requirements

® Cost of the product
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Casting process

e Cavity is created based on the shape called mould

(metal or refractory grains)
» Sand moulds and metal moulds
» Molten metal will be poured into the cavity
» Allowed to solidify (Phase transformation)

e Foundry process
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Steps involved in casting

® Pattern making

® Mould preparation (including gating and risering)
* Core making

® Melting and pouring

° Cleaning and inspection
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Casting process

A7

1.2.6 Brief illustratio
n of stages i
in i
‘ 24 casting process
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—-b. core —>» assembly
<% : Pour molten into the
Cooling’ . © MoYd cavity
Knockout -
boxes
separated
sand

Casting reused
Cleaning

: spatch
Inspection ____—»Despat

L
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Sand casting

® Base sand, binder and other ingredients
® Mould cavity using a pattern and ramming sand

® Molten metal poured after pattern is removed and cooled

solidified metal obtained which is called casting

* High flexibility, easy to handle, low process cost, easy to
handle
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Sand Casting Process

Ladle/

Sand mold \

Mold for a sand casting

Malten metal

Parting line Gas vent Riser  Pourning cup
I ;

A o\
\ \ R

' \ | |

SIx] M '['

ope ) i v b ]
s e SeebovwwiNasene
) A -\
Drag " I \
Casting Mold cavity  Core Runner Sprue
Parting line
Copyright © 2008 CustomPartMet

WWW . siHbsiech.oon
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Wooden ——/ /j
leveller Y/

1.2{d] Orag box is inverted, so that
pattern is visible at the top
surface

1.2{e) Place cope on top of drag box. Place
riser and sprua at proper location and
ram sand into the cope box
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Lift Riser

1.2(f) Cope box is rammed till its 1op
surface. Riser & sprue are
removed

1.2ig} Cope box is lifted and placed
aside

Gate connecting

3 1o riser

Gate connecting

1.2 (h) Pattern s removed from the drag
to sprue

box. Gates are cut
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Core box

Sand core Core box

1.2(il Sand core prepared in core box

Dowel pin

1.2(j) Core is placed in drag t

Riser cavity

<>

1.2{0 Finished casting

1.2k} Cope s placed on drag & mould
made ready for pouring

Figure 1.2 Casting process
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ol
¥ 1.2.2 Sand Casting Process: Flow Chart

molten metal into

and allowing it to ool

ri\/loulding J

a sand mou 1d

Sand castings are produced by pouring

to get shaped component. I— R TT— l
—_— - Preparing of
~ < AW  —» Making of Pattcrns moulding sand
Component Drawing i ; »
Core boxes Core sand
Mould with a+— Mould boxes

Core
£
Fetlding §
. S e 24 -d g
Sent to €+—— Sand is rcused ~<€— Mould Shake *—TA(;:L?nthcd EE— !
l\'h)uldino out Se it . . i
Secuon - Casting Sand mould receives into mould i
and Mould molten metal] %
boxes arc Molten metal 3
oxes are - . i
separated trom furnace 3
s ara 3
* 3
r Furnace I %

Raw materials

| Cleanin Metal charges
< 24 J Yy

Gates. Runner & Risers —» Gate, Runners
& ingates sent

i St

Are removed. excess sand
Mass chipped off to furnace for
Melting

P

Castings are shot blast

Castings are ground, finished and used
Sent for inspection as

l scrap

l Inspection l

Dimensions are checked
Mech. Properties determined
Checked tor internal/external

Defects. —» Rejected castings
Reworked if necessary

Final satistactory castings, ready
LFor disputch‘

Fig 1.1.1 Casting Process - Flow Chart




Metal cast in Foundry-classification

A)Based on the type of metal being cast
Ferrous foundry eg: cast iron, steel, ductile iron etc
Non ferrous foundry eg: Al alloys, Cu alloys, Mg alloys etc

Ferrous alloy contain iron as the base metal and in non ferrous
metal, iron is not the base metal, but it may be present in
very small quantities as impurity

Ferrous alloys

CI consists 2to 4.3% C,1.2-2.8% Si, 0.8-1.7% Mn, 0.05%

sulphur and phosphorous each, remaining will be iron(Fe)
Steel consists up to 2% C, 0.7-1.2% Si, 0.4-0.8% Mn, 0.05%

sulphur and phosphorous each, remaining will be iron(Fe)
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Non Ferrous Alloys

[
Non ferrous alloys
1)

2)

3)
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Al — alloys — contain Al as base mmere’
Al with 4.5% Cu —LM11 !
Al—11.6t0 12% Si— 1.M6
Al — 10% Mg - LM10
Al — 4.5% Si—0.5% Mg ~ LM25
Are the: popular Ones.
metal

Cu — alloys contain Cu as b as€
70¢% Cu — 30% Zn

70¢% Cu — 30% Sn

8.5 Cu—SZn—SSn—SPb
arce the commonly used ones.
Mg — alloys contain Mg as base M
6% Mg — 3% Al — 1% Zn,
97.25% Mg — 2.3% Zn — 0.45% 2x eic.
93.3% Mg —2.7% Zn — 0.7% Lx -- 3 2% Re,

92.6% Mg to 6.5% Al — 0.9% “Zn.

etal
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CLASSIFICATION

Based on nature of foundry:
jobbing foundry
captive foundry
mechanised foundry
Based on the total tonnage of castings produced
small sized foundry
medium sized foundry
big sized foundry
Based on the type of mould used
sand casting foundries

die casting foundries or permanent mould casting foundries
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Factors that determine the selection of
a casting alloy

While you are considering metal casting, you need to consider the
list of available casting processes for the one that best fits your

part.
- Castability:
- Microstructure:

- If you are looking for a smooth surface, die casting will be the best
choice , followed by plaster and investment casting.

- Casting process selection influences tooling, process parameters ,
and extent of machining , heat treatment and quality control

procedures
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Factors that determine the selection of
a casting alloy

Alloyed metals should possess:

- Higher tensile strength

- Better high temperature strength

- Better corrosion resistance

- Improved machinability and workability
- Higher melting point

i Improved castability
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Advantages of Casting Process

® Processis easy

* Any Complicated Components are produced close to final
product.

® From liquid to final solid metal shape
* Any type of metal and alloys can be casted
® Any size and shape can be easily produced
ex: turbine blades, forging beds
* Can get uniformity in properties
® Cheaper products compared to product produced by other
processes

® Process can be easily adopted to automation and mass
production
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Limitations of casting process

® [eads to internal defects

® Cooling takes time

® Large Infrastructure is required

® Manpower requirement is 1arge

® Actual casting process can not be automated
® Preparation of mould each time

® Special care to be taken while handling molten metals
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Example of products

® Wheels ® Piston

® Turbine blades and housing ® Electric motor body
® Machine bed

® Pump housing

* Pulleys

® Crusher jaws

® Gears

® Valves

¢ [athe bed and machine beds
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Various types of Casting Products
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Patterns

® [s atool used to produce mould cavity

° Shape of pattern is same as the components size will be

slightly 1arger than the casting

® Its also called as replica
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Function of patterns

® To produce mould cavity

® To establish parting line

® 'To produce quality casting

® To incorporate gating system and riser

* To increase production rate and economy of the process

® To have provision for core prints
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Properties of Pattern Materials

® Easy to shape, work and assemble

* Hard , Strong and Durable

® Resistance to corrosion and Chemical Reaction
® Dimensionally stable

® Repairable and reusable

® [t should be light in Weight
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Pattern Materials

* Wood and Wood Products — pine, teak, mahogany,

deodar, compressed wood laminates
® Available in plenty and inexpensive
® Light weight and can be easily worked on
® Poor in strength
® Causes swelling due to moisture it absorbs
® ] ess resistant to wear and chemical actions

® Not suitable for long production runs
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Metal and alloys — cast iron, aluminium alloys, steel,

etc

- Strong and wear resistant

- Dimensionally stable under changing humidity

- Gives good surface finish

- Suitable for mass production

- not advisable for bigger sized patters, better than
wood but heavier

- Rusts

- Initial cost is high due to machining and finish
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Plastics and Rubber — thermosetting resins like phenolic
Resin, epoxy resin, foam plastic,

* Moderate strong and light in weight

*  Does not absorb moisture

* Good surface finish to castings

* Initial cost for desired finished shape and size

* Thin sections are difficult to cast
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Wax — paraftin wax, bees wax, carnauba wax

- low melting point, good surface to the
mould

- Complex shapes

- Withdrawal from the mould is easier of its
low melting point

- Wax patterns used in investment casting
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Plaster of paris — gypsum, calcium sulphate.

- used for producing master dies and moulds

- easily worked with and intricate designs can be made
- strong and light in weight

- Easily shaped

- Good surface finish

- Small castings only

@ METAL CASTING & WELDING 6-Nov-22



‘ Pattern materials

pattern materials based on expected life

Table >
N ber of castings produced before pattern equipment repair

%a’tt;; Core o b
Wder 600 mm) w
0
2 (())(())0 2000 Hard wooqd
6 6 000 Aluminium, Plagtic
100 000 100 000 Cast iron
Medium castings (6001800 mm)
1000 150 Hard wood
3000 3 000 Aluminium, Plastic
Large castings (above 1800 mm)
200 ' 150 Soft wood
500 500 Hard wood metal reinforced
—
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Selection of pattern materials depends upon
1. No. of casting required
2. Nature of moulding process

3. Desired accuracy
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Pattern allowances

® Allowances are the extra spaces which are more

than the actual dimensions of the pattern.

® This extra dimensions from the required value,
given on the pattern is referred as Pattern

allowances.

® This allowances are due to mechanical and

metallurgical reasons.
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Types of Pattern Allowances

o Shrinkage allowance
® Draft allowance
o Machining allowance

¢ Scale & griné.ing allowance

® Distortion allowance
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Shrinkage allowance

® Decrease in volume when change in phase from liquid to
solid room temperature is shrinkage
¢ Shrinkage takes place in 3 stages
® Liquid — liquid
® Liquid — solid
e Solid — solid
® First two stages using risers and next one Is provided by

giving allowance
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Grey cast iron —

6.95-10.4 mm/m

T SUperheal Steel — 20.8
, temperamd

| Aluminium — 17

Liquid - liquid

o oo N T TS Liquidus tempefature
quu'd - solid Aluminium alloys
, Solidus temperatuge =3 :

Solid - solid i i

RT | Magnesium — 17
—Temperature
Fig 2.1 : Variation of shrinkage of metal s temperature { Brass —15.3
Bronze — 10.4-
20.8
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Draft allowance

¢ Allowance given to vertical surface for easy removal without

damage to the mould
e Hand moulding 1.5 —2 mm per 100 mm length

® Machine moulding 12

Add 2 mm
A at the top

pattern draft

lO

taper

h 4
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Draft Allowance Contd..
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Machining allowance

® Light weight impurities float on and form a layer on
solidifying thus imperfections in castings

® Typical sand casting vary from 3 mm — 12 mm

® Some materials like,
® CastIron - 1-10 mm

® Cast Steel - 3 -12 mm

¢ Aluminum -1.5—4.5 mm
° Alloys -1.5—4.5mm

® Brass , Bronze - 1.5—5 mm
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Scale and Grinding allowance

® Scales are formed on surface due to high

temperature

® Sometimes surface roughness or imperfections
need to

® Scale and grinding allowance 0.2- 3mm
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Distortion Allowance

e Allowance for casts that distort on cooling due to thermal

stresses

® Thus initially cast is distorted to have a accurate finished part

Before : After v Beforc
: i
¢ Pattern Pattern
\J C_asting u
‘Without Distortion | ' Wwith Distortion

Allowance . Allowance
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Classification of Patterns

¢ Solid Pattern

* Split Pattern

® Cope and Drag Pattern
® Loose piece Pattern

® Gated Pattern

® Match plate Pattern

® Follow Board Pattern

¢ Skeleton Pattern

® Sweep Pattern

e Pull up Pattern
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Solid /single piece Pattern

° Single piece

* Simple shaped

castings
¢ Manufactured easily

® No loose piece or

joints
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Rammer | ‘ Riser rod

Sprue rod

Cope

Parting line

Riser
/ Sprue

Cavity
M _—— Cope
o Channel e I
~ 3 Eegl—
; ' Casting

METAL CASTING & WELDING
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Split Pattern

ilitates easy moulding.

¢ Contains two halves

/ and joined by pin
)

| 1 1 I
\ LJ LJ

(a)

Fig.2.5.2 : a) and b) Split pattern

@ METAL CASTING & WELDING 6-Nov-22



‘ Riser rod
' (|
Sprue rod
(a) il
Pattern Pt T R
Sprue rod !
P / Riser rod
(b)
Channel Cav‘ty
Pattern
Assembled mould
ready {0 receive
molten megal
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Cope and drag pattern

Allgning hole

T~
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L —Drag

Core print

Fillet

——

Cope
Allgning pin

* Similar to split type

but is made using
moulding machine by
placing them over a
metal plate

The drag portion
(bottom) and cope
portion (top) and cast
separately

Used in producing
large number of
castings
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Machine 1 Drag Box Machine 2 Drag Box

Sand Sprue piece :
Sprue piece

[ _—— Sand

Step 1 Pattern
1 \ T
Metal plate Pattern  Jolting

Squeeze board

Squeezing Squeezing
Step 2

Sprue & Riser rods arc
Step 3 removed

Uniform Compaction

After jolting and Vent holes
are mode

squeezing

seraiditdieg

RS e e —
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box pushed by the pins

molding sand
cavity
lifting pins

Step 4

ejecting the

finished
mould
Drag box

MpLE ST 1. f Cope

. . W 3T Cer

ik =

‘c. Se

L L_J'"""t"
LS Drag
et iR
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Assembly

Cope box

" XA
‘- o ~* - s - !
Cope box s iRt box is lifted up by
E =] the pins
Pin pin
pattern
" | .\J "'-'..
= -} Stepd
< pe
e o s, -"

. L
T e _,'\'...- G
ot by '; b ,'- . 'i .

4= A S o e

e

Mould ready to receive molten metal
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Loose Piece pattern

~ . ® Main body with
V‘d/ projection pieces

T A Loose piece pattern
S el ® They are removed

.../, Loose piece

Outward =" - “. A"
Projection .- ...

once main body is

Pattern Samar detached
Shape >\\\ (o A Moulding
W R _;:':" sand

e This type is used to
Fig.2.5.4 : Loose piece pattern get undercut
. portions in the

castings
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HRITEE
‘- \ = S
ot Paeen® . %
TR s | -
. ., P .
A ' s> LV : »
".' F - . ‘~
= : 3 s,
- —— ] 7
. N .
R Fo -
5 i 2 S e
- 2

¢ P £
v 2 ".-5 .: "V Pl g o
Required Casting Pattern . o

Channel

_ Vent wire
s Cavity |

4 %
. 7 . oMy
s | _=1Loose cweet &

) & 43 o i ,’-—CaVity
[ - placeis | .. ... s bl . b
e T i left s ".,_ . :.\.-:. 2 i 3
pehind L5t 2 \ : e
Movement
Loose piece being

moved side ways and
lifted upwards

projection | .:
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Gated Pattern

=
\ 1
"\ f - Gate
i
Sprue base ,_\\\\\ 1 il\ fr ',?\‘/
‘%\\\ A _— Pattern
R g A
e =1

Fig.2.6 : Gated pattern
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/ RUnner

Numbers of patterns
attached with
runner, ingate, sprue

and risers

Machine is used for

rnaking moulds

Large number of
small size castings

made

Split pattern is used
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sprue

Ingate

Runner

Assembled mold
ready to receive
molten metal

METAL CASTING & WELDING
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Match Plate Pattern

Sprue Riser

I

Riser

Cope

Fig.2.7 : Match plate pattern
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Dra

* Two parts mounted
on either surface of a

metal plate

e Similar to spilt
Match
Plate pattern and aligned
perfectly on the

same plate

¢ Both are made from

the same machine
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Cavity

Drag box

>,

S
P

L A b
e
o
AT
P '

| SRS Cope

Assembled mold Ready to
receive molten metal
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Follow board pattern

* For patters that

Mould Box Cannot be held in

Pattern one Position a board

;‘:_\.——~ Follow Board With the Contour iS

used

Sprue

Riser _\ /_ () They hOld the

pattern for thin

sections too
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Support & blocks

Mould ready
1o receive
molten metal
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Puttern

| > Drag box

/L [ollow bourd

[ Sprue

1l

Risers

A Cope

i R Drag box

o fTs——_Cons

' e "/— Drag box
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Skeleton Pattern

NS VAN v i 7 4

N e N
NS e LA
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Built with wooden
pieces

Resembles a skeleton
because of the joint
pieces which is later
covered with thin

boards

Number of castings
produced is very few
and is used for heavy
and big castings

Cost is reduced and
for simple shapes
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Skeleton pattern

Rib construction

BY

l () |

TV

After covering with a thin sheet
of wood

Mould ready '
to receive
molten metal
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Sprue

Sand
Dl'ug b‘)x

. | __— Cope

Mould ready
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Sweep pattern

Uses a board for

Sand
Pat;ern

casts like bell shape,

Wooden Board
cylindrical, etc

® especially when
there is a surface of

revolution contour

Fig.2.10 (a) : Sweep Pattern for core making

* Easy to handle and

store

e Used for making

cores
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SWEEP PATTERN

Spindle

Sweep pattern

I Step

IT Step

IIT Step

IV Step

Ready mould
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Sweep pattern

Spindle

o
Hinge Sweep pattern

Pouring Riser

ps WL T s e o hg L

"u_ ‘:-.: A '_: "‘ “-'.;;‘ L

sl pivodn e, ol L

AN i RPROR L 2 Core
2\ Ko | 53 o — Cavity

NG A D Mould

i e i /

% <] » :._'. A

.:.':;:.: Q.:.'z-..*;p_ . .
e BT Assembled mold with core
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Pull Up Pattern

- Sm/m\i}s ° 1/4% of the

L J B sl complete portion is
[ \i/ used
T YT () Pattern | ® Wheel type suchas

| S~ gear wheel, sprocket

etc are produced

® Requirement of

/LL” pattern material is
\
= reduced

® Large sized castings
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v ouae W

Sand to be filled Rod

Pull up pattern
Mould box

Pull Up Pattern

o I Step
U Parern
II Step
11 Step
IV Step
- “5 %l —— Full up pattern V Step
;_.
VIStep
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Colour Coding of Patterns

e Black — casting surfaces to be left unfinished
® Red - surfaces of the casting to be machines

® Red stripes on yellow background — loose pieces and
seats

® Yellow — core prints and seats for loose core prints

° Diagonal black stripes on yellow base — stop ofts

Red Yellow Loose piece (Red stripes on
A I /_\'ellow black ground)

e i/

Core point Stop oft
Yellow :7/‘

B

@ METAL CASTING & WELDING 6-Nov-22



SAND MOLDING

® A mouldisa cavity created using a metal or refractory
grains(sand).The shape of the cavity corresponds to the shape of the
casting except the dimensions.

* Large number of foundries use sand grains for mould preparation.

¢ Sand moulds are made using a mixture of refractory grains along with a
binder, additive and water.

° Moulding sand may be: Natural sand and Synthetic sand.
e Sand moulding should

Faithfully reproduce the pattern contours

® Be readily mouldable and produce defect free casting
* Have good green strength, dry and hot strength

® Have a good flowability

Have a good collapsibility

Be chemically inert
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Properties of moulding sand

* Flow ability — smooth flow while preparing mould

® Green strength —facilitate easy handling while moulding
* Dry strength — stable after drying

* Hot strength — not to collapse under high temperature

* Permeability — allow gases to flow through it

° Collapsibility —to help in removing the metal easily and free
contraction

e Bench Life — does not degrade with time

e Adhesiveness — cling or adhere to the mould box and retain
the cavity

* Durability

* Co-efficient of Expansion
* Reusability

e Surface finish
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Ingredients of sand used for moulding
green sand

v Base sand (80-92%))

v' Binder — bentonite which is activated by water, 6-12% with
water 3-5%

v Additives (1-10%)
v With or with out water (2-8%)
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Types of Base sand:

Base sand is formed due to withering of rocks.
It is plenty in nature along beaches, deserts etc.

Ex: silica sand, olivine sand, zircon sand, chromite sand

Base Sand : E
Types Formula Fusion Temp(approx) degrem

o Silica Sand Si0, o

o ZirconSand 210,80, 2700

o Magnesite Sand MgO 2800

o Sillimanite Sand AL, Si0, 1900

o Olivine Sand (MgFe),.Si0, 2200

o Chromite Sand Cr,0, 2180
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TYPES OF BASE SAND:

e SILICA SAND, SiO,, inexpensive found in river beds, not
used in steel foundries due to high thermal

expansion(0.018”/inch)

* Contains limestone, magnesia, soda and potash which should

be removed before usage
® Wood flour, cereals, saw dust can minimized casting defects

® The additives burn because of the heat and cause voids that

can accommodate the sand expansion
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e OLIVINE SAND used in non ferrous foundries with low thermal
expansion (0.0083”/inch)

° Mostly used in steel casting
© High cost

e CHROMITE SAND is an African sand and highly expensive

e Used in steel industry for both mould and core making

® ZIRCON SAND have high refractoriness (difficult to work with)
and have traces of URANIUM & THORIUM is hazardous in

nature.

® Used in high temperature moulding and most stable in terms of
thermal expansion compared to others
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Requirements of base sand

® Shoul
¢ Shoul
® Shoul
¢ Shoul

e Shoul

e Shoul

] have .
] have |

] have |

I be sub-angular (grain shape)

| have good grain distribution | ™

oS-

Shape

Type of Grains

s
high refractoriness O

Angular grains
Sub angular grains

Spherical grains

oW impurities

oW expansion characteristics

| be thermally stable
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BINDERS

® [t is a material which imparts necessary binding strength

to sand.

® Binder holds sand grains together and induces strength
and other properties to the mould, bonding

® Sand when mixed with the binder will gain the shape of

the pattern and retain it
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Types of binders

® Organic — linseed oil, mineral oil

® Inorganic — fire clay, bentonite

® Based on strength developed
® When mixed with water: Clay is a binder

® When baked in oven: core oil, thermosetting resin are the
binders

® By passing gas: Sodium Silicate with CO, is the binder
® By air setting: Resin oil is the binder

e METAL CASTING & WELDING 6-Nov-22



Clay type and amount

> Clay refers to a particle with size less than 20 microns

» Clay content also increases the strength but only to certain

extent

> More addition reduces the permeability and hence becomes

unsuitable
> Clay Is the weathered product of silicious rocks.

> When combined with water they produce a plastic or semi

plastic mass., cohesive and plastic
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> Clays are:
> Montmorillonite or Bentonite most commonly used
> Kaolinite

> Illite and fire clay

> Clay water system,

> Bentonite the most common one use with high base exchange

capacity with sodium called sodium bentonite

> Higher green strength
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Moisture Content

e \Water content increases the strength of the mould

e With continued addition increases the flow ability and

hence reduces the strength.
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ADDITIVES

Those are the form of powders or liquids used in the
moulding sand to impart certain desired properties to
the mould.

These are used in addition to the use of binders. Normally

they are added in very small quantities.

® Cereal husks or cereal flour — powder form, imparts dry
strength with good collapsibility, minimized expansion
defects, upto 2% usage

® Seal coal — powder form, used to improve surface finish and
used upto 8%

® Pitch — derivative of soft coal, improve surface finish and hot
strength
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ADDITIVES

® Wood flour - is finely ground wood, minimizes sand

expansion defect, improves collapsibility, used up to 2%

¢ Silica flour — improve hot strength of the mould, increases
sand density and thus no metal penetration, minimizes sand

expansion defect, 35% especially in steel castings

® Iron oxide — fine dust of Fe,O;, improves hot strength of the

mould

® Dextrin — vegetable origin, fine powder, improves dry

strength of the mould, up to 2%

® Boric acid and Sulphur — used in powder form to avoid metal

mould reaction in manganese alloys
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PREPARATION OF SAND MOULDS

MOLDING MACHINES: 1)JOLT TYPE

Mold box /_ Mould

box
Pattern o Tl B S T / ¥ s
‘\#“' B R i [able e -
[ P O .

/— Piston [SO Hardness

/ Cylinder

@ Air out

>

N

Ht of Drop

TR «+— Compressed air

©

NNNNN \\\\\\\\\\§
NNNNNTSNNNNNNSN

Spring -
Fig. 3.18 : Jolt type moulding machine N
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Constructional features

® Cylinder with inlet and outlet ports for

compressed air
® Spring for holding the piston
® Mould box mounted on top of the piston

¢ Control panel at the bottom to control the

operation

® Hopper carrying sand mixture is located above

the machine
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Working operation

Pattern is placed on table with moulding box
Sand is filled into the box

Compressed air is let into the cylinder until the piston
reaches outlet valve

When it reaches valve 2 sudden escape of air and vacuum is
created

This leads to the drop of box due to its own Weight creating a
jolting action
And this is repeated until desired hardness is achieved in the

mould

Bottom is more compact than top
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MOLDING MACHINES: 2) SQUEEZE TYPE

Platton/board
Mold box
t‘. 2 '., _," < \R
Pattern R L /_ Table B ==
Piston Sand Compacted
il [SO Hardness
7, m Cylinder

% //

7 %

7 7

7 7

/) 7

7B

% /] Two way control valye

Ry

7 7

T

7 /)

7 o

Z
777 / rr
Spring

Fig. 3.19 ; Squeeze type moulding machine
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Constructional features

® Consists of a cylinder with single opening and is fitted with a

two way valve for compressed air to flow in
e Thus lowering and raising the piston

° Corresponding to the inside cross section of the mould a

platen or board is placed on top of the mould box

® The platen can be swung from a side to another for filling

sand in the mould box
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Working operation

® Mould is placed on the tabled fixed with the pattern

® 25% excess of sand volume is filled in the box

® The platen or board is placed in position with the mould box
® Compressed air is then allowed inside the box

® Now the piston will move upwards

® The platen squeezes the sand in the mould box when the

piston is raised up

® More compactness is achieved on the top than the bottom
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Moulding machine specification for jolt
and squeeze (Example)

® Table size to hold the moulding box : 750 x 650 x 200 mm
® Max jolt capacity : 5000 N or 1800 N

® Max squeeze pressure: 0.3 N/ mm?
® Moulding speed: 1 mould/min

® For high pressure moulding
° Squeezing pressure: 3 N /mm?

° Moulding speed : 36 s/mould
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3) Sand slinger
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Pattern Sand
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Fig. 3.21 : Sand Slinger
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¢ Sand slinger is used for large boxes in preparing moulds
® Large amounts of sand is handled

® Uniform ramming is obtained

® Ramming is fast

® Initial cost is high

® A number of moulds can be prepared one after the other

around the slinger

* Example specification
° Slinger capacity: 5 m>/hr or 15 m3/hr
® Box size: 800 x 800 x 600 mm
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Steps in moulding sand slinger

Mould boxes with patterns are kept around the base of the slinger
Mixed sand is dumped in the container
The slinger is switched on

The conveyor buckets carry sand top the top and delivers to the
belt conveyor

The sand is now conveyed into the horizontal hopper containing a
SCrew conveyor

At the end of the hopper an impeller keeps rotating and carries the
sand mix from the screw conveyor and throws it out

The sand at high Velocity is thrown above the pattern and gets
consolidated

Uniform hardness is obtained in the mould
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STUDY OF IMPORTANT MOLDING PROCESS

GREEN SAND:

-It is the sand in moist condition containing 5-7% of water

and 6-10% clay for size upto 300 kg single piece

-Mould is prepared in the sand and the molten metal is poured
Immediately.

-1t Is the cheapest of the sand mix and can be easily adopted
to mass production

-Mould erosion is a common problem in such moulds.
-Highly suitable for machine moulding.

- Production cost is low and axle housing of railway bogies,
motor bodies, pipe flanges ,etc are made using this
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Fig.3A : Green Sand Mould
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CORE SAND

® [t is prepared by mixing special binder such as core oil with
sand.

® Develops very high strength and heavy castings are made and
good surface finish.

® It can be used for making cores blocks mostly or moulds.

® It needs a core box to prepare the desired shape of
mould/core by assembling cores.

* It develops the strength depending on the type of binder
used(baking, gassing process).

° Costly process and uses backing sand in the box thus
laborious and time consuming
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DRY SAND:

» These moulds are prepared by drying the green sand mould
In an oven between 150 to 350 °C for 8 to 48 hours

depending on the binder.
» Dextrin with clay and water up to 2% Is used.

> Imparts better strength stronger than green sand, surface

finish, accuracy and avoids soil erosion.
» Collapsibility Is poor and production is slow
» Costlier than green sand moulds

» The sand may be distorted during baking .
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> There 1S no Interference of moisture 1n the mould.

Hence defects are less.

» Heavy casting up to 1000 kgs can be made using this

mould.
» Both ferrous and nonferrous alloys are cast

» Cylinders, rolls, large gear blanks, drums, etc are cast

using this mould
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Skin dried moulds

» May be used after drying only the surface of the mould(10-
20mm)thick which is called as SKIN DRIED MOULD.

- Hand torches are used to dry the skin of the mould.

- Even though this is cheaper than Dry sand moulds this cannot be

stored for a long time as the moisture can migrate into dry skin.
- Process iIs time consuming

- No possibility of steam or vapour formation
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A piece fixed to a spindle and swept in mould box and only

symmetrical castings are produced

Small to heavy castings are produced

First spindle is drawn into the ground

Pattern is attached and can be swept at any height of the spindle

Moulding sand is packed into the box and rammed and swept to

compact the sand and slowly
Process is repeated till entire contour is obtained
Spindle is removed and the sink is filled

Gating and risers are provided and mould is dried well
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CO., MOULDING:

>F0rmerly used in Europe to harden moulds and
cores

»Involves mixing of silica sand with sodium silicate
(3.5% to 5% by weight).

» After packing the box, CO, is forced into the
mould at a pressure of 1.4 kg/ cm’?

Na,siO,.XH, O+ CO, Na,CO;*(5i0,.XH,0)
» The component in the bracket is called as the
silica gel
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Procedure

® Base sand + 4-6% sodium silicate
¢ Sand mixture and moulds are prepared

* CO,gasis passed through the mould and sand sets
immediately due to the release of silica gel in the nascent

state

® Mould is skin dried or dried to remove traces of moisture.
Molten metal is poured into the mould. Castings are

produced.
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CO, MOULDING:

> Silica gel 1s a hard substance and hence improves the
binding

> Normally the time taken to send gas into the mould 1s 20
to 30 seconds

> Time 1s a very important factor as over-gassing
deteriorates the quality of the mould

» Any pattern can be used.

> If wood pattern 1s used then it 1s coated with alkaline to
avold chemical reaction with wood

» This process can be used for both ferrous and non
ferrous metals

> This 1s a substitute for dry sand mould
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ADVANTAGES:
» Operation is speedy

» Pattern withdrawal is easier
> Baking operations are avoided
» Cores and moulds can be stored for iong time

» Evolution of gases during casting reduced to one third compared
with green sand mouiding

> Less possibility of core and mould distortion
» Accurate castings with sharp corners can be produced

LIMITATIONS:

» It the mould is not passed with CO, there is always a tendency of
air hardening

> Due to hardening the collapsibility may be troublesome

» The spent sand cannot be recovered
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SHELL MOULD:

» Came into prominence in Germany during

WORLD WAR 11

» Was known as Corning process, named after the
inventor

» Involves making of two or more shells which are

moderately hard, to obtain the cavity of the
mould.

» This consists of Thermo setting resin bonded
sands
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SHELL MOULDING:
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6-Nov-2Z2

STEP 3

@ IVIL 1YL WAAODLLIINT X VYV LLLLJLIN\T



PROCESS:

» Pattern is preheated and clamped to the box containing
the thermosetting resin(urea/phenol/formaldehyde) to

200-250°C

» Pattern and box are inverted and kept in this position for
some time. Hot pattern melts the resin in contact with it

» Box and pattern are brought back to original position.
The thin shell sticks to pattern while other resin falls
back

» Shell is stripped from pattern with the help of ejector
pins
» Shells are baked at the temperature of 300° c.

» The shells are assembled and clamped properly to obtain
the shape of the cavity
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MERITS

» Most suitable for thin sections like cylinders
» Surface finish obtained is excellent

» Dimensional accuracy is obtained to an extent of 0.002
to 0.003 mm per mm

> Machining and cleaning costs are negligible

» Total sand used is just about 5 to 10% ot green sand
mould

» Moulds can be stored for long time

» Gases escape easily through shells compared with sand
moulds

» Labour can be semi-skilled
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DEMERITS:

» Initial cost of resin and pattern is high and

hence suitable for mass production only
>Specialized equipments are required
>Large castings cannot be cast

» Resin binder cannot be restored

@ METAL CASTING & WELDING 6-Nov-22



INVESTMENT MOULDING:

» The other name for this is precision casting

» This process uses a wax pattern, frozen mercury, ice

which is subsequently melted from the mould
»> We can obtain a tolerance of +/- 0.005mm
> Generally used for light and intricate shapes

» Sand mix is a refractory slurry(ph 2-3) consisting of -200
mesh sand, ethyl silicate(binder),HCl(accelerator),water
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PROCESS:

Component
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Spray of sand

- grains

—_———
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Shell with cavity 6) Teeming of molten metal

Fig. 3.14 Investmment shiell rreolding
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PROCESS:

» Preparation of the pattern for every casting

» A metallic die having the cavity of the casting required is prepared,
called as master mould

» Master mould is filled with wax or thermoplastic polystyrene
resin which when solidified forms the wax pattern

» This wax pattern is used for making the final casting

» This pattern is dipped in refractory slurry which forms the thin
shell around the pattern. Onto this a coating of coarse sand is
stuccoed which makes the sand embedded in the shell

» This process is continued till a shell thickness of 8 to 10 mm is
obtained

» Now the shell is preheated to 1200°C to remove the wax
» Now this shell is ready to receive the molten metal

> After casting the shell is broken
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ADVANTAGES.:

> High dimensional accuracy is obtained
» Very smooth surface
» Suitable for both high and low melting point alloys

» Any intricate shapes and undercuts can be produced as this does

not involve withdrawal of pattern
» Very thin sections (0.75mm) can also be cast

» Mechanical properties can be controlled
DISADVANTAGES:
> Very expensive process

> Very large castings cannot be cast as the maximum limit is

Skg
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PLASTER MOULDING:

® Here Plaster of Paris or gypsum is used to make
moulds.

® Only non-ferrous castings, especially
Aluminium alloys can be cast.

® (Good surface finish can be obtained.

o ngh temperature alloys can t be cast in the
mould since Plaster of Paris dehydrates and the
mould crumbles.

® Blow holes could be another reason due to
sudden water release
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PLASTER MOULDING:

Ratio 1: 1.6
Plaster of Paris + water (slow mixing) slurry CaSO42H20+hCat
CaSO,1/2H,0 +3/2H,0 " ea
Immediately poured on the pattern kept in
the mould box and allowed to dry or Set.
(metal pattern is used).
Above 160° C the Below 160°C Setting reaction starts Hydration takes place.
Remaining combined «——  itdehydrates «— Crystallisation of plaster takes place.
Water is driven off and forms
Anhydrous calcium CaSO,1/2H,0
sulphate CaSO,
Pattern is removed and the mould is dried.

Molten metal is poured immediately.

After solidification mould is broken and
casting is removed accuracy of 0.23 to 0.24
per 25 mm can be achieved in the casting
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CEMENT BONDED MOULDS:

® Here mixture of sand+ 8 to 12 % cement + 4 to

8 % water is used to prepare the mould.
® Setting of sand due to hydrolysis.
® Additives are used to improve the collapsibility of

sand. (cereal husks, wood tlour)

® Small to very heavy castings can be easily

procf.uced and very good accuracy.

® Sand reclamation is Very poor.
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CORES:

® Cores are used in the mould to produce mainly

hollow castings

o Only method through which cavities can be

produced in the castings without machining
® Projection of a sand mass in the mould

® They possess higher properties like strength,

hardness , refractoriness
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NEED OF CORES:

» To obtain the desired cavities and recesses which

are difficult to obtain in sand moulds.

> Acts as an aid to pattern in getting the required
shape.

® Used to get hollow portions in the casting

® [Used in complex and intricate shapes

® [Ised in internal contours
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REQUIREMENT OF CORE SAND:

1. QGreen strength

Minimum thermal expansion

2. Refractoriness

3. Permeability

4. Collapsibility (Decrease in size)
5. Thermal stability

6. Smoothness

i

8.

Minimum amount of gas
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TYPES OF CORES:

Based on the type of the sand used cores can be classified
as:

1. Green sand cores/ Self Core - moisture

2. Dry sand cores — core in dried form

Based on the shape and position

1. Hanging Cores — core suspended from the top

2. Balanced cores or Over hang cores - hanging on one
side

3. Vertical core

4. Horizontal core
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TYPES OF CORES:

Based on binder used

® Resin bonded core

® Sodium silicate core
® Oil bonded core

® Shell core — urea/phenol formaldehyde resin

Based on hardening process used

CO, process

No bake oil — air

Furan no bake — heating to harden
Nishimya — chemical reaction to harden

Fluid sand — chemical reaction to harden
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Green sand cores/Self cores:
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Fig. 4.5 : Self Core
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»They are made of green sand

» Cannot withstand high temperatures
»Deep holes cannot be produced
»Large draft has to be provided

» Core made from the pattern itselt

» Preferred tor vertical cores and for small size

casting
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DRY SAND CORES:

» Made from core box

» Green sand core is baked in the oven to obtain

dry sand cores

» Has better strength and surface finish than green

sand cores

>Dry sand cores are classified as:
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HANGING CORE:

Core -—»\ = Sprue
|
{
1 ' —.,"!’LT
] i |
f ‘ \ © fe——Box
g ; |
g &l ‘ . . i Parting line
- e g W0 B
: Do gl
f A n Cavity
: E

| A

Fig. 4.9 : Hanging Core
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Method of making cores

» Cores are made in moulding box using core sand

» Core making machines use machine ramming to obtain the

cores.

» Cores of symmetrical cross section can be produced by
extruding the core sand mixture through a suitable die
opening.

» Cores can be reinforced with rods and wires to protect the

cores from sagging or breaking.

» Cores can be vented by using nylon thread passing through

the core axis.
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CORE MAKING PROCESS:

Different core making Processes are

1. which Needs Baking

2. Whic
3. Whic!

4. Shell

h Needs Gassing.

h Need

Core.
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WHICH NEEDS BAKING

X

Core hox

Sand mix

%

Sand is rammed

Fig. 4.1 : Core
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Process flow

® Dry base sand + binder (linseed oil or molasses) + additive
® Mixed well in a mixer

¢ Sand mix is filled into the cavity of the core box and rammed

well
® Desired core shape is imparted. It is in the green state

° Slowly transferred on to the metal plate having loose

unbonded dry sand

® Green cores are baked in oven at 250 — 300°C. Moisture is

driver off. Core gets hardened and gains strength

® Cores are cooled
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WHICH NEEDS GASSING

Hardencd core
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N

Fig. 4.2 (a) : Core making usine sodiwum silicate- gassing type -
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Rammed Sand

Core Box
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Fig. 4.2 (b) : CO, Core Making (Gassing type)
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Process flow

® Dry base sand + sodium silicate + additive (collapsibility)

® Mixed well in a mixer to get uniform mix of sand

® Sand mix is well covered in a plastic sheet to prevent
setting/drying

® Sand mix is poured into the cavity of core box and rammed
well

® A small throush vent is made in the core
g

* Now CO, gas is passed through the core using a funnel pipe
arrangement. Core becomes very hard instantaneously.

® core box is split open and the core is taken out and cake be
used in the mould after slight heating
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WHICH NEEDS ATMOSPHERIC AIR SETTING

Hardened core is used in the mould
- Core hardens after sometime, few

hrs to several hrs, depending on the’
core size

Plate

Allowed to set on the
surface exposed to
atmosphere

Fig. 4.3 : Core making using Self setting oil -air hardening type
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Process flow

® Dry base sand + resin + catalyst urea/ phenol formaldehyde

® Mixed well in a mixer

* Sand mix kept covered to keep it out of contact of air

® Sand mix is filled in the cavity of the core box and rammed well

® Core box is opened carefully and the core is gently transferred on

a metal plate and kept open to atmosphere

® Setting reaction starts which is exothermic in nature and the core

becomes very hard within 4 — 24 hours depending on the core size

¢ After the above processing of the cores is complete the cores can

be used in the mould, for making casting
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SHELL CORE:
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Process flow

® Dry base sand + thermosetting resin
® Dry mixing in a mixer

* Sand mix poured into metallic cavity
® Heated in an oven and baked at 250°C
® Sand and resin sets, core is formed

® Core is then cured in the oven

® Core gets hardened and gains strength

® Core is removed from the box and used in the mould
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Casting

- Ingates

o
Fig. 17.1 Horizontal Gating System ' ‘ iy
The following paragraphs give details about the various components listed above. '"” g




Gating

* Helps to know the controlled flow from crucible or ladle to

mould cavity
® Gating consists of:
® Sprue
® Pouring cup
® Runner
® Ingates or gates

® and is referred to all the channels which lead the molten

metal to the mould cavity
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Functions of a gating system

» It should help easy and complete filling of the

mould cavity
» It should prevent mould erosion

» It should provide directional solidification

» It should regulate the rate of flow into the mould

cavity
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Types of gates

1. Top gate - The cavity is filled from top
2. Bottom gate- The cavity is filled from bottom
3. Parting line gate - The cavity is filled at the

parting line.
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TOP GATES:
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Advantageous as
it acts like a
riser

Directional
solidification is
good

Entraps air and
metal oxides
n cavity

Erodes portion
of the mould
cause of falling

6-Nov-22



Minimizes

Molten Metal erosion and
turbulence
s Does not
é Cope promote
Sprue directional
' ) solidification
NV It is hot in the
j:'_:',:-j: gate and
Rdels a cooler at the
"f.::’-'"::' top of the
N P
§ i Drag mould
N Preferred only
when side

risers are used
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Moiten Metal
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the flow into mould and thus cause of its curvature has

molten metal on top

Skim bob controls

Choke restricts impurities like slag dirt or sand particles
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N b}

This type of gate which is a part of the pattern with smooth
curves and progressive change in dimension is designed to
minimize mould erosion and oxidation of molten metal.
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STEP GATE:

ferrev =

Step gates .' :  Sand
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DESIGN OF RISERS

Principle:
During solidification of the metal Volumetric change

takes place. Thus when the metal I1s completely
solidified total volume is reduced.

Thus there is decrease In total dimension and also the
surface shrinkage at the top of the casting, which
has to be compensated by providing extra metal
above the solidifying metal.

This method of providing a reservoir of metal Is
called RISER and the process RISERING
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EFFECTS OF RISER ON THE
SHRINKAGE
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Function of a riser

: Supply the molten metal and eliminate

shrinkage cavity
Provide directional solidification

Help easy escape of air and gases

2

3

4. Solidity later than the casting

5. Promote minimum wastage of metal
6

Stores excess quantity of metal
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Types of riser
Basically two types:

1. Open riser - open to the atmosphere

2. Blind riser — Closed to the atmosphere
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OPEN TYPE RISER

Here the riser mouth is kept open to the atmosphere
and hence molten metal is subjected to the
atmospheric pressure directly.

It can further be classified as
a. Top riser — riser 1s placed above the castings

b. Side riser — riser 1s placed by the side of the
casting
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Open/TopRiser
Side Riser

4

1 Casting

LTL_ '
Casting ~ Ingate

[ngate
(1) Top Riser (ii) Side Riser

Fig. 18,6 : Open Risers




BLIND RISER:

® These risers are covered with the moulding sand and is

not exposed to the atmosphere directly.

o Normally they are used in steel castings and utilizes

atmospheric pressure acting on the metal through a core.

[.imitations:

The blind riser is limited to only steel castings

These are difficult to mould

@ METAL CASTING & WELDING 6-Nov-22




BLIND RISER:
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