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Focus

ydrodynamic journal bearing has varied industrial applications. As it has a

significant role, its design should be quite accurate. Conventionally, it is

designed using various charts and tables relating to its performance, because
of which it is observed to consume more time. Of late, it is also felt that conventional
designing is not accurate enough. That is how designers have switched over to CAD.
Normally, design of hydrodynamic journal bearing takes two parameters——operating
parameters and performance parameters—into consideration. Operating
temperature of the bearing is considered to be one of the significant performance
parameters that needs to be ascertained for a safe operation of the bearing. Against
this backdrop, the authors, K'Tripathi, S Rajput and § Gadakh of the first paper, “Effect
of Various Bearing Design Parameters on the Operating Temperature of Hydrodynamic
Journal Bearing”, have attempted to design a bearing based on heat balance adapting
CAD process since it is believed that bearing designing being an iterative process
CAD will provide more accurate, optimum, easy and fast calculation. They have

also assessed the effect of various other parameters such as oil grade, lubrication
system, bearing housing geometry, R/C and L/D on the operating temperature of
the bearing. Their study revealed that CAD gives more precise results and fast
design—many iterations of the design can be tried and compared to get the
optimum dcsign pretty fast.

In the next paper, “Pattern and Feeder Design for the Production of Gray Cast
Iron Brackets”, the authors, Mary Adebola Ajiboye, Matthew Sunday Abolarin and
Johnson Adegbenga Ajiboye, have reported their efforts to design and develop the
manufacturing process of pattern and riser systems for sand casting operation of gray
cast iron bracket with least casting defects such as porosity and incomplete filling.
They have used a riser to feed metal to the casting as it solidifies. The riser was
designed to be large enough so that it solidifies only after casting and also to contain
a sufficient volume of metal capable of supplying to compensate the shrinkage
contraction that occurs on cooling and completion of solidification. Using the feeder
design so evolved in the study, the authors have produced two bracket castings.

Moving away from designing to Total Productive Maintenance (TPM) that
originated in Japan in 1971 as a critical adjunct to lean manufacturing, essentially by
improving machine availability through better utilization of maintenance and
production resources, we have the next paper, “Implementation of Kaizen Techniques
inTPM”, the authors, M S Prabhuswamy, K P Ravi Kumar and P Nagesh, have presented
their findings of implementing Kaizen to climinate problems of the shop floor in an
automobile industry. They have concluded that implementation of TPM using Kaizen
improved the machine utilization, operator’s morale and productivity. Its
implementation reduced breakdown hours while simultaneously improving the




ncy and also the rate of quality of
OUtpyt

e breakdowns in borin
to 73.6% resu]ﬁngginm;:}une to

availability, performance efficie
Kaizen was found to reduc

Implementation of
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The last paper, “Investigation of Mechanical and Tribological Properties of p
Composite Material: A Review’, by Abhay Kakirde, Kartikey Tripathi, Visha] Xl}’mer
and Shilpa Tripathi, presents 2 review of the current research status of me hCh-Wal
and tribological properties of polymer composite material. It reviews the Chanicy)
mechanical and tribological testing of Po]‘;l:lrent

eric

h in designing various
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Pattern and Feeder Design for the
Production of Gray Cast Iron Brackets

Mary Adebola Ajiboye*, Matthew Sunday Abolarin**
and Johnson Adegbenga Ajiboye***

In this paper, the design and production of sand casting for a gray cast iron bracket
was carried out. The bracket was divided into different sections called Appendages
A, B, C and D, and Ribs E and F. Efficient feeder design is important so as to
minimize casting defects such as porosity and incomplete filling to the barest
minimum. The feeder or riser is used to feed metal to the casting as it solidifies;
therefore they are designed and positioned such as to ensure filling the cavity
during solidification. The implication of this is that the riser must be designed to
be large enough so that it solidifies only after the casting and it should contain a
sufficient volume of metal capable of supplying the shrinkage contraction which
occurs on cooling from the casting temperature to the completion of solidification.
Based on the feeder design in this work, two bracket castings were produced.

Keywords: CAD, Appendages, Ribs, Modulus

Introduction

Casting is known to have existed for well over 6000 years. The major applications are
in statutes for idols used for worship, lamps, doors, frames and agricultural implements.
Earliest castings include the 11 cm high bronze dancing girl dated 3000-3500 BC.
Casting is a process of forming metallic products by melting the metal and then
pouring it into a cavity known as the mold and then allowing it to solidify. The molten
metal takes the shape of the mold cavity and the product is cleaned and machined to
the desired dimension.

Casting has marked advantages in the production of complex shapes, parts having
hollow sections or internal cavities, parts that contain irregular curved surfaces and
of parts made from metals that are difficult to machine. Because of these obvious
advantages, proper consideration must be given in order to reduce casting rejects.

In all manufacturing techniques, the best results and economy are achieved if the
clcsigncr understands the various options and tailors the design to use the most

*  Research Scholar, Department of Computer Engineering, Federal University of Technology, Minna, Nigeria.
E-mail: ajiboyemary@gmail.com

*%  Professor, Department of Mechanical Engineering, Federal University of Technology, Minna, Nigeria.
E-mail: abolarinmatthew(@yahoo.com

##% Lecturer, Department of Electrical and Electronics Engineering, Federal University of Technology, Minna,
Nigerfa; and is the corresponding author. E-mail: ajiboye2003@yahoo.com
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3.Sand Casﬁng Process

The casting starts with the construction of 2 pattern, an approximate duglicas of

the finaf casting (Wikipedia, 2008). rm molding material (refraciory zei} pinding

z

materizls)y is thf:n PZCKC’I around the pattern and the puttern is removed 1o produce

a mold cavity, The flask is the box that contains the molding z;;{r*:gz.',‘:, fn 2 two-part

mold, thr- U)P" is the top half of the pattern, flask, mold or core. The drag is the
2

bottom half of any of these features. A core is 2 sand shape ??';", s inserted into the

mold to produce mt!:mf.[ cavity recess on a Casting, such as holes or passages for
A I 4

water cooling, A core print is the region added 1o the pattern, core or mold that is

used to locate and support the core within the mold, The mold mzterial 206 the core
then combine to form the mold cavity, the void imh which the molten metal will be
poure « 10 a,(;hfhfv anie prm!uuf the desired casting, A riser is an extra void created in

the mold that vn” be filled with molten metal, It nrrr.'xfi.‘:z 2 reservoir of molten

’ ¢ 3 € ’
metal that can flow into the mold cavity to compensate for any mater 2) :?.zxrzn.‘(;gr-

that oecurs flurin'r solidification., Any shirinkage voids shiousld !hm be in the riser znd
not in the final casting, Figure 2 c,hf;'//» the various processes involved in sand castin 7
(Kalpakjian and Schimid, /()’J(,;,
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Figu re 2: Sand Casting Operation \

Pattern Making
Pattern Core Making
l Gating System —_—
Heat

Sand > Mold Treatment

i Solidification
Melting of Pouring L :

.\iet;l into Mold and Coolmg

Furnaces

I ——

The gating system is the network of channels used to deliver the molten ety
from outside the mold into the mold cavity. The pouring cup is the portion of the
gating system that initially receives the molten metal from the pouring vesse] anq
controls its delivery to the rest of the mold. From the pouring cup, the mety]
travels down the sprue (the vertical portion of the gating system), then along
horizontal channels (called runners), and finally through controlled entrances or
gates into the mold cavity. As soon as the mold is ready, molten meta] is poured
into the mold cavity through the pouring basin. The metal is allowed to solidify
after which the mold sand is knocked off to bring out the cast for fettling operation.
Fettling is the process of removing excess part that does not constitute the required
part of the casting such as the Sprue, risers and in-gates. It is from here that the

casting goes to the machine shop where it is given accurate surface finish (Asuquo
and Bobo-Jama, 1991).

Casting has a lot of advantages over other manufacturing processes. Casting can

be used to produce complex shapes which may not be possible with other processes.
The pattern cost for castings is lower

than any other method and the tolerances are
usually wider. Thege factors combin

2013
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Figure 3: Schematic ofa Sand Mold

Open riser Pouring basin (cup)

—— Flask
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Parting
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Sand

4. Pattern Design for the Gray Cast Iron Bracket

To design the pattern for the gray cast iron bracket, shrinkage allowance and machine
allowance are considered.

4.1 Shrinkage Allowance

According to Rao (1998), most of the foundry alloys shrink during solidification. The
shrinkage or contraction must be considered by making the pattern proportionately
larger in every dimension. This is due to the fact that during cooling, the casting is
subjected to various effects and therefore to compensate for these effects,
corresponding allowances are given in the pattern. The part dimensions are increased
by certain amount, depending on the cast metal and type of mold. Also, there must
be provision for a feeder that will provide liquid metal to prevent void during
solidification (Mikhailov, 1989). The volume of metal in the riser should be sufficient
to retain heat long enough to feed the shrinkage cavity and to equalize the temperature
in the mold, avoiding casting strains (Little, 1997). It is important to note that the
casting shrinks away from the mold wall; this implies that while external dimensions
are to be increased, internal dimensions such as diameter of hole are to be decreased.
The shrinkage allowances for various metals are shown in Table 1.

Table 1:Shrinkage Allowance forVarious Metals
Material Pattern Dimension | Section Thickness | Shrinkage Allowance
(mm) (mm) (mm /m)
Gray Cast Iron Up to 600 - 10.5
600to 1,200 = 8.5
Over 1,200 - , 7
White Cast Iron — = 16.0t023.0

Pattern and Feeder Design for the Production of Gray Cast Iron Brackets 23
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Using the value for the gray cast iron from Table 1, and since all dimensions for the
bracket are below 600 mm, the shrinkage allowance |m the height, le ength and breadth
of the brackets is calculated thus:

The shrinkage allowance for the height of the brackets is given as:

"10.5
SHRy :HF.‘IM XL_—) "'(l)
1000
Therefore,
10.5
SHR, —SGX( ) 0.90=1mm
1000

The shrinkage allowance for the length of the brackets is given as:

10.5
SHR, =H, ,_X| —

P,
1000 (&)

Therefore,

10.5
SHR, =143x =1.5mm
1000

The sbrinkage allowance for the breadth of the brackets is given as:

10.5
SHR,=H, x| —— ..3)
? 1000

Therefore,

10.5
SHR, =84X

) 0.88 mm=1mm
1000

The shrinkage allowance for the core of the brackets is given as:

10.5
SHR, =D x( ) (1)
1000
Therefore,
SHR, =40. 4—X( 0s ) 0.42 mm
1000

Pattern and Feeder Design for the Production of Gray Cast Iron Brackets 2§
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Figure 4:OrthographicView of the Pattern for the Gray Cast Iron Bracket
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Figure 5: Picture of the Pattern for the Gray CastIron Bracket
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ave -

A 3
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Therefore, modulus of appcndagc AorBis given as:

VOLUME, VOLUME,
MOD, = MOD, =| ——— |=| 2222000 ..(5)
’ SURFACE, SURFACE,

VOLUME, =VOLUME, = L x Bx H =91x 35,75 x 26,5 =86211.125 mm’
SURFACE, = SURFACE, =2(1.x B+ Bx H)+(Hx1)

SURFACE, = SURFACE, =2(91x35.75 4 35.75%26.5)+(26.5%91)=10812.75 mm’

862 5
M()l_),4 = M()Db = (m—)g”*]%b =7.97 mm
10812.75
28 The 1UP
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4,3.2 Calenlation of Modulus for Block €

Figure 7 shows the dimensions for hoth block C. For this regian, W BB 4;,;,,:,,, f44:
appvn(lﬂgt‘s A, Band D, and ribs )oand 1P v:-;f;vu'iuliy act Jikae epsing, mreas apwig 44
their small thickness, Therefore, the cooling surface arca js thw sipdsn prvn o) G
entire hlock,

r’d_ Figure T Dimensions for Block €

agiven as;

Therefore, modulus of block C is g

VOLUME,
MOD, =

- £
© |\ SURFACE, A®)

VOLUME, =L x Bx H =91x 40%93=338520 mm’
SURFACE, = 2(Lx B)+2(Bx H )+2(11 x 1)
SURFACE, =2(91x 40)+2(40%93) +2(93x91) = 31646 mm’

338520

MOD, = (
31646

)= 10,70 mm

—

3, = 3 B o ~ -
Pattern and Feeder Design for the Production of Gray Cast Iron Brackets 29
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Figure 8: Dimensions for Appendage D

Figure 8 sh

Therefore, modulus of appendage D is given as:

VOLUME,,
MOD, = ———

(7
” | SURFACE, ™

VOLUME, = (1xBx H)—(wx DY/ x )= (91x75x26.5) ~ (3. 142 40 7/ x26.5)

=147557.3 mm’
SURFACE, =2(Lx H)+2(Bx H)+ 2(L>< B—7 X D%)+ (TxDxH)

SURFACE, =2(91x26.5)+2(75% 26.5) + 2(91 X75—7 ><40%)+ (7 x40%26.5)

=23264.92 mm’
147557.3
MODD=(____j= 34 mm
2326492 .

4.3.4 Calculation quodulusfor Rib E
Figure 9 shows the dimensions for Rib E

30
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Figurc 9: Dimensions for Rib E

Therefore, modulus of rib E and rib F is given as:

VOLUME, VOLUME,
MOD, = MOD, = =

SURFACE, )\ SURFACE, s+:48)

VOLUME, =VOLUME, =%(B><er)=y2(75xH66.5><10.5)=26184.37S mm’
SURFACE, = SURFACE, = 2(y2 BxH)+ (\/BZ +H’ )Xt

SURFACE, = SURFACE, = 2(% 75x66.5)+ (J 75" +66.5’ )xlO,S =6040 mm’

=4.34 mm

26184.375)

MOD, = MOD, =( —r
In summary, the modulus of each section is as follows:
Appendage A = Appendage B = 7.97 mm

Block C = 10.70 mm

Appendage D = 6.34 mm

Rib E = Rib F = 4.34 mm

Pattern and Feeder Design for the Production of Gray Cast Iron Brackets 31



Therefore, the order of solidification is given in Figure 10.
b

—
—

Appendage A
J (orAppendageB) [ Plocke
// ‘\
sk Cis the last freezing region with the highest modulus il

ablc on this region.

Figurc 10: Order of Solidification

It implics that bl
~c feeder location is most suit

henc
The total surface area of the bracket is 88616.42 mm? and the total volume j

~10868.29 mm’.

4.3.5 Geometric Properties qf Pattern

The total surface area of the pattern is given as:
SURFACE, = SURFACE, + SURFACE, + SURFACE_ + SURFACE, + SURFACE,
+ SURFACE,

SURFACE, =10812.75+10812.75+31646+23264.92+6040+604O

=88616.42 mm’

The total volume of the pattern is given as:

VOLUME, =VOLUME, +VOLUME, + VOLUME, +VOLUME, +VOLUME, + VOLUME,

VOLUME, =86211.125+86211.125+338520+147557.3+26184.375
+26184.375=710868.29 mm’

VOLUME, =710868.29%10” m’
The density of iron is given as:
P, =7870 kg/m3

4.3.6 Determination of Metal-to-Sand Weight Ratio

The dimension for the mold sj
d size t 5, B8 o
(102.5 mm + 102.5 mm). ze to be used is 300 mm x 150 mm X

Therefore, volume of mold is given as:
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VOLUML .1, = 30021507 205 =992 5000 mim’
We ate "t"'”'“i“f', A l»‘-’:”l!;' vield of 60y,

Vol IIMI,’

Casting Vield
Vorume.,

where VOLUML,, is piven s Volume of tetal poured and is given as:
7

V(}I,”Ml’. ’]]();J(;/ 74)
VOLUME, - e 1184 i’ - ‘
p Casting Vield 0.6 V12477404 mm’ 21184780 mm

Therefore, the weight of metal poured i given

a4
WEIGHT, = p,, 7VOLUME = 1184740 27870 710 bg=9.32kg

The mold sand volume is given as;

VOLUME,, =VOLUML,,,, ~VOLUME, =9225000~1184780 = 8040220 mm’

The mold sand density is given as:
Py, =1600kg/m

Thercfore, the mold sand weight is given as:

WEIGHT,, = P50y, #VOLUME,,, =1600%8040220%10” =12.86 kg

Metal-to-sand wcight ratio is therefore given as:

WEIGHT, :WEIGHT,, =9.32:12,86=1:138

4,3.7 Feeder Design Based on Modulus Principle

For the feeder, the choice of a cylindrical feeder with height to diameter ratio of 1.5
wag made, Assuming there is no heat transfer from the entire bottom face of the
feeder, we recalculate the modulus of the last freczing region and correct the feeder
dimensions through a sccond iteration,

H,=1.5D, - (9)

where 1, is the height of feeder, and D, the diameter of feeder.

Sr—
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- . ion (12) and Equation (13
Since MOD. is 10.70 mm, we equate Equation (12) q (13)

M. =1.2x10.70=0.214xD,

2 *
284

D = =60 mm
0214

Since H; =1.3D;,

H,=1.5x60=90mm

The modified surface area of last Ereezing region is therefore given as:

SURFACE,...., = SURFACE. — AREA_

where AREA,, is the area of feeder bottom

MODIFIED

SURFACE =31646—| FX60 =28818.2 mm>
4

The modified modulus of Jast freezing region is given as:

- __ VoLUME, _ 338520
O SURFACE . e =11.75 mm

SURFACE wooien 28818, 2 B

\
34 o —
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~(13)

(14)

...(15)
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The modulus of feeder is again modified as shown below:

Mg =1.2XMOD,,, ...(16)
Mg =1.2X11.75=14.10 mm

Again,

M, =0.214D,

Therefore 14.10=0.214D,

14.10
D, =——=65.89 mm
0.214

This is the new modified diameter of feeder, The new modified height of the
feeder is calculated thus:

H,=1.5D, =1.5X65.89=98.83 mm

For a top position feeder, the height of neck is given as:

_& 65.89 _
H,= —=32.95mm

2

The diameter of neck can be obtained thus:

D, =0.7xXD, =0.7x65.89=46.12=46.12mm

Figure 11: Feeder Dimension

The dimension for the feeder and the neck is for the Gray Cast Iron Bracket
shown in Figure 11.

4.3.8 FeederYield I

The feeder yield is given as:
s e 98.83
VOLUME, 4
Y. = [ 32.95
VOLUME, +VOL,,,,,.
where VOL,,, ... is the volume of the feeder
46.12

including the neck

_ 7x65.89"x98.83 N 7 x46.12° x32.95

VOLFEEDER - 4 4

=337034.22+55052.90

=392087.12 mm’

—
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Conclusion

A riser or feeder s a reservoir built into a metal casting mold with the aim of
preventing formation of cavities due to .s'hrinkagc. Because metals are less dense as
liquids than as solids (with some exceptions), castings typically shrink as they cool,
This can leave a void, generally at the last point of solidification. Feeders prevent this
by ensuring adequate provision of molten metal at the point of likely shrinkage, 50
that the cavity formation moves into the riser and not in the casting. Proper design of
the feeders is therefore necessary. In this work, the feeder was carcfully designed and

S0 it cools only after the rest of the casting. Jig
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