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ABSTRACT

The whole world is passing through acute energy
crises. The situation is going to worsen the near
future because the finite guantity of fissil fuels are
fast exhausting. With the development of science and
technology the manual work is being repla by machines
thus increasing the demand for energy.

While on one hand the efforts are oﬂ to produce
more epergy through conventional and non-conventional
sources, it is necessay, on the other hand, to use the
available energy in the most effi cient way and conserve
it.

Before we apply any conservation sures, it is
necassary to know how much energy should theoratically
.mmmmhuhmwumau- of energy
consumption at various level Energy Analysis is the

technique for examining the way in which energy soirces

are harnessed to per form useful functions.

In this study Energy Analysis of a non-ferrous
piston foundry has been conducted. All s and outputs
of Energy and materials for a period star: January 86,
have been collected., The system has been divided into
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various sub-systems and energy consumption of each type of
piston blank in each sub-system have been Lll.cnhud.

From the wanner the sub-systems are linked|to each other
the total energy consumption of each type 0f piston blank
has been calculated,

The total energy velues, thus calculated are
eritically examined and areas of energy wastage with

gquantu» of wastage have been found out. ye and means
are then suggested to avoid or atleast minimise the
Energy wastage. Scope for further study 8 also been

qun.




CHAPTER I

INTRODUCTION

In all manufacturing industries raw materials are

converted into finished products with the hellp of relevant

input resources such as materials machines and labour.

Thus, any industrial production system can br represented

as an input-output system as shown in figure

1.1 Foundrvy as an Input-output system

Taking the case of a foundry the dire

1l.1.

ct materials

inputs are various elements, which constitute the desired

alloy. Indirect materials are added to the molten alloy

for its refinement.casting process involves

this molten metal into moulds of the desired

pouring of

shape and

sizes, The alloy solidifies there and required castings

are thus produced,

Energy is used in the foundry for per

following operations: -

Lorming the

i) mmmmmmmn:nnfum

Running of induction furnaces and oil

fired furnaces

involves consumption of energy for heating the alloy to

bring it to the molten stage., Further when the molten alloy
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is transferred to holding furnaces, energy i

s again used to

maintain the molten alloy at the required casting temperature,

ii) Epergy used for gperating the machinery
(a) Production Machinery
Die casting machines on which actual casting
process is carried out, machines for cutting
runners and risers and furnaces for the heat
treatment of castings are all run by the supply
of energy to these machines.
(b) Auxiliary Machinery
Air compressors, water pumps and air cleaning
system require energy for their pperation.
iii)  Lighting and Ventilation o=tmut

ubput
The objective output from foundry is
of the desired dimensions, The waste may be
formed in the process, Figure 1,2 shows fouw

input-output system.

1.2 Energy as an Input

In all processes energy is supplied af

the castings
the slag etc;

ndry as an

t different

stages for the conversion of raw materials into finish

products. In a machine shop energy is expen
the drives of the machine tools, to run air ¢

motors etc, This prowvides the power needed

ged to operate

compressors and

in the process.




However in a casting process energy is used mainly for

heating purposes.

With so much of mechanisation having taken place
there is very less manual work left in a manufacturing
industry. Mostly it is restricted to loading and unloading
of componants on machines, charging and emptying of furnaces
etc., Rest, virtually everything is done with the help of
machines and for that energy is the primary input. Besides
this, use is made of energy for providing bapic amenities
like cold water, air circulation and operating coolers and
air conditioners. lighting systems and antippllution

equipment etc.

Thus it is seen that in any production system energy
enters at different stages in the form of electricity or as

fuels.

1.3 Energy and available forms

Energy is available from many source% which can
broadly be classified as conventional and unconventional
energy resources. Electricity oil and other fuels like
coal, coke and wood etc,, are the conventional energy
sources. The unconventional sources are solar power, wind

power and fuel cells etc.

The conventional forms of energy are | commonly used.

Electricity is by for the most common form followed by oils




and other fuels like coal, coke etc.

During usage, the available form of
converted into the desired form.
the electrical energy into mechanical ener

of rotation of the motor shafts, which in t

nergy is

An electric motor converts

in the form

n provide

rotational motion to spindles of the nachinTs or receprocative

motions to the machine slides, transmission

through gear trains or hydraulic or other £

taking place

luid bower units.

For heating purposes the electrical

nergy is

converted to heat energy through heating elIments or through

induction process by generating eddy curren
conditioners or water coolers convert the e

to cooling effect.

CSe

The air

lectrical energy

Further electrical energy is converthd to mechanical

motion of the fans which provide cool air a

lamps and fluracent tubes to lighting.

The energy of fuel oils is converte
by combustion. The heat energy thus produc
directly for foundry processes or it can be

some other form.

Fig. 1.3 show the details regarding

of one form of energy into the other and it

nd through the

into desired form
d is either used

converted to

the convertion

S use.
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1.4 Heating in Foundry

In a foundry heating is a process in

which maximum

amount of energy is consumed. Heating is required to bring

the alloy in a molten stage so that it can |

into moulds of desired shape and size.

In foundries both electrically opera

furnaces are used. For alleoy making normal

be made to cast

ted and oil fired

ly the use is

made of induction furnaces, where as the mellting of the

already available solidified alloy is done

furnaces.

In the induction furnaces the princi
is used. The material to be melted is made

coil th%augh which current is passed. The

on oil fired

ple of induction
secondary of a

neat and the

eddy currents thus produced melt the differpnt constituents

of the alloy to form material of the desire

0il fired furnaces use a burner. Th

i composition.

is burner makes

the combustible mixture of the oil and air which gets

burnt and produce heat, With the heat thus

material to be melted 1s heated.

generated the

Heating is again required to keep the alloy at the

required casting temperature till it is poured into

moulds., FOr this purpose Holding Furnaces are used which

are normally electrically operated.




Fig. 1.4 show different stages in ap[oundry where

energy is consumed for heating and other o

1.5 Probable places of Energy Loss

1. In the melting furnaces if the gquant

[
n

be hold at high temperature in melting furn

a energy.

2a In the holding furnaces if the quant
is more than the pouring rate than alloy ha

casting temperature wasting energy.

3. Low efficiency and week insulation o

rations.

ity of alloy made

more than the consumption rate then molten alloy has to

aces thus wasting

ity of alloy kept

b to be kept at

f the furnaces.

4. Faulty operations and toolings cause excessive burrs

which wasted energy during deburring.
S. Under using the equipment capacity.

6. Excessive breakdown of machinery and

equipment to

results in non-usage of alloy kept at highér temperatures.

Te . Ineffective transport system causes

temperature during transportation.

8. Ineffective or ill designed air clesg

reduction in

ning system.

In any foundry the energy loss take

or more of the above places which must be

1.6 Importance of Loss prevention and ¢

place in one

evented.

Almost all the countries of the world are passing

through an acute energy crises with no visible solution for
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the time being (7). Fregquent power cuts, 1
diesel, kerocene and LPG etc, clearly indic

country is passing through an energy crises

10

ng queues for
te that the

4 The speakers

at the Eleventh World Energy Conference held at Munich from

Séptember 8 to 12, 1980 gave a clear cut warning of

anticipated energy shortage in the world in

the near

future (13). The reason why we have to face this energy

dearer situation are

i) Due to development of science and te

the manual work has been replaced

ii) Slowly the finite guantity of the fo

chnology most of

by machines.

ssel fuels are

exhausting and thefe are predictions about the

datas, on which the fuel supply fr
source will be exhausted. Some oi

already exhausted (5,3,11).

While on one hand the efforts are on

om particular

1l wells have

to produce more

energy through conventional and uqconventional

sources, it is also necessary to u

se the available

energy in the most efficient way ﬂo that minimum

amount of energy is used to carry
work (17). As the largest amount
used in the industrial sector so i
that preventing energy loss in ind
long way towards energy savings at

level ‘12) -

out a particular
of energy is

t is iaperative
ustry will go a

national
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To effieently use the available energy it is of
utmost importance to know the areFa where the
energy loss is taking place. This energy loss
should be gquantitatively known and then energy
conservation means are to be applied to bring
down the energy losses (3). The conservation

means can be provided in the form of

1. Improving the technology of the| process.

2, Making the production planning Proceas based
on energy consumption.

3. Providing heat exchangers etc.

4, Providing better insulations etc.

5. Efficient working and awareness regarding energy
dearer situation.

6. Improving the design of the equipment.

1.7 Energy Analysis

Before we apply any conservation measures in the form
of improving the design of the equipment, using heat
exchangers, redesigning of processes or recycling etc., it
is of prime importance to know how much energy should be
theoratically used and how much is being used with a break-up
of Energy consumptions at various levels. |This is necessary
to pin point the areas of Energy loss and the possible
reasons for the loss. The technigue for e#amininq the way

in which the energy sources are harnessed to per form useful




functions is called Energy Analysis.

1.3 Scope of Energy Analysis

The energy analysis deals not only

12

with the energy

consumption of industrial operations on smaller machines

2nd actual manufacturing processes but algo takes into

account the ancillary operations and services that are

needelto support the present day industry.

Here the attempt

is to arrive at the Gross Energy requirement which is

defined as the energy associated with all

the operations

needed to support the production of the commodity. A

simple example of driving a wvehicle from ¢

other will reveal the complexity involved

)ne place to the

in such

calculations. The main consumption of energy is the fuel

required to make the wvehicle move. HOwever in order to

provide the fuel, further energy must have

» been expanded

in the o0il refinary to produce it from crude oil and yet

more to deliver it to the petrol stationd:

" the vehicle itself had to be manufactured

In addition

and involved

energy expenditure not only in the constiuyction of vehicle

but also in the back up industry that supply the parts and

raw materials to the vehicle industry. Farther more

during the ride use is made of road whose

maintenance also requires the expenditure

construction and

of energy.
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For some of the factors listed ahov+ the energy

expenditure will be small but for others i
more significant. A fundamental problem 1
these operations should be included in the
drive,
decided first and the energy entering into

different points within that system is cal

For that purpose the system boundal

t will be much
ies which of
energy of

ries are to be
the product at

culated.,

Combining energies of different stages give the energy

requirement of the product.

1.9 Brief Description of the Unit and Product

The unit under study is situated in
manufactures pistons of almost all vehiclé
and engines available in India. The pistd
with casting or forging operations carried
foundry. Subsequently these castings and

machined to finish pistons in the machine

The material of the pistons, the Al

is prepared in the foundry itself, The ma

Punjab and
s, compressors
ns are prodqced
out in the
forgings are

shop.

uminium alloy

in constituent

of alloy are Aluminium and Silicon. The
and melted in induction furnaces and oil
respectively. The molten alloy is then

holding furnaces near the die casting mac
casting, the runners, risers and burrs ar

heat treatment is carried out. The pist

lloy is prepared
ired furnaces
ansported to
ines, Afeter

removed and

blanks made




14

thus are then sent to the machine shop after inspection.

1.10 Broad definition of the nagb.Lea.
procedure and other associated a
The attempt is to do detailed Ener
the foundry operations and salculate the
of each type of pision blank at all stages

The energy requirements thus arrived at wo

boundaries,

Analysis of
ergy requirement
in the foundry.

uld be critically

examined to find out the areas of energy losses. To avoid

or atleast minimise such energy losses, the ways and means

would be suggested and tried out to reflect the gquantum

of savings which could be effected.

To carry out the energy analysis the input-output

data for the study period of one year from

December 86 has been taken.

The inputs include direct materials

materials and energy inputs. Energy input

January 86 to

, indirect

8 to the foundry

are in the form of Electricity, Light diesel oil and LPG.

The output from the foundry is the piston blanks of

various types.




CHAPTER 1II

LITERATURE SURVEY AND PHILOSOPHY|
UNDERLYING ENERGY ANALYSIS

For many years the énergy consumpti

on calculations

for production plants, machines and processes have been

done by engineers but Energy Analysis, as

known these days, is comparatively new. I

the subject is

n the space of

last about 20 years the energy analysis has progressed

from a minor academic research work to an

ssential tool

of management, Although for over a hundred years the

engineers have taken a close interest in the energy

consumption of the machines they have des

gned and

built but the real start of Energy Analysis subject can

be said to be after the 1960's,

2.1 LITERATURE SURVEY

In 1960's the people became more aware of the

environmental considerations. Second fact
fossil fuels available from the earth were
finishing and it was pridicted that:by whi
particular sources will be exhausted. But
which made the industrialist more energy ¢

increasing cost of energy. Due to this it

or was that the
gradually
ch time the
the main factor
oncious was the

became necessary

to know how much energy is consumed and that resulted in




the development of the subject Energy Anal*

As the awareness regarding energy s
importance of Energy saving and loss preve

spread more and more sections of people st

the Energy Analysis technique to know the
Energy they are using on a particular pr
A comparison of such values to theoratica
that at how much efficiency they are work

followed the conservation measures and re

Till date energy analysis of almo
have been done. This includes mines, met
industry, agriculture sector and even the
and hospitals (18). A study was
quantity of different commercial

respect to utensils (made of different mat

conducted

16

sis.

hortage and

ntion measures

ted adopting

ount of

ct Oor process.
minimum showed
g. This

ultant savings.

all sectors
1l processing
domestic sector

to find out

fuels for cooking with

terials) and time

for cooking operations and investigates e

ergy requirements

of wvarious utensils for cooking under varying cooking

media (D, Malathi and K.R. Swammathan 198

The most of the work done has been

sector. Energy Analysis of an integrated

) (10).

in the industrial

alluminium

complex using the Energy usage diagram has been done

(Mohan K Iyer 1936) (9).

The audit system based on the

cost audit principles provides an easy reyiew and control

of expenditure.
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~ Energy saving measures in refrigarﬂtion plant
operations have been highlightened after donducting a

study for refrigeration plant performance analysis (4).

Examination of the most energy intensive
industries and methods by which the fuel efficiency can

be improved has been done (1).

In transport sector also Energy Analysis has
been of immense value. Energy Analysis of transportation
systems of developing countries have been done and compared
with that of the developed countries. The figures suggest
considerable scope for transport energy savings. The more

energy intensive systems are marked (6).

An analysis of Energy consumption patterns for rural
areas has been done. The Indian Energy Scenario has been

highlightened (2).

5

The assessment of pottential impact of information
technology on energy use in advanced economics have been

made through Energy Analysis (19).

Historical trends of energy consumption of some
large energy consuming industries have been compiled and
analysed., The Energy Analysis show that ergy
intensities have remained fairly stable in| case of textiles.

These have declined in case of inorganic heavy chemicals




and paper board iron and steel. A steady

has been shown in case of non ferrus, basi

cement, (16) .

In chemical industries also the ene

has found its use.

acid plant showed that a large amount of h

as a waste

If this heat is recovered it is possible t

energy efficiency of 90 per cent (14).

In 1987 an extensive energy analys
af IFFCO, KALOL (15). The management of

identified various areas for energy effic

in a contact process sulphuric

18

upward trend

> metal and

rgy analysis

For example an analysib of Sulphuric

=at energy go
acid plant.

n achieve an

was conducted
e plant thus

ncy improvement.

The implementation of various energy cons]:vation schemes

has brought down the specific energy cons

ption.

" Gross energy requirements of the prjoducts and

materials ranging from metals, raqsins, fib

castings and forgings, gases, salts, pla

electrodes cement water and wood etc. ha

and tabulated.

Different energy values ar

res, metal

:jics. bricks,

been calculated

e given for

these products when these were produced fqon different

raw materials using different methods.

2.2 Procedure of Epergy analysis

First and fore-most requirement of

is the detailed and accurate description d

energy analysis

»f present




industrial energy consumption and the way

contributing operations are linked.

For e

19

in which the

ple a

recycling operation in any system will need extra energy

for the recycling but at the same time it

the requirement for wvirgin raw material.
2.21 Global industrial systems

In all industrial operations the m
processed. These processes may involve ¢

as producing petrol from crude.

transportation are also example of processes.

and materials regquirements of processes c
back to some previous processing stage.

moving backward we can reach a stage wher
was extracted from earth. Similarly we ¢
when after varying uses the product finall

the earth.

1

ill reduce

erials are

ge of state

Washing clothes and

The fuels
be traced

n this way

the material
tra¢e out

ly goes back to

If in our approach we decide the n

for the industrial system as discussed

tural boundries

ve the system

is called the Global Industrial System and is shown in

figure 2.1.
which 4& actually acts as fuel is shown s

fuel input.

2,22 Actual industrial systems

Unlike the global system, choosing
Jor Amalley Componant: Azzhms AoiSes Ao
the boundAies -

In figure 2.2 the part of materials input

parately as

the boundries

e problems but emce
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have been drawn the behaviour of the onclos#d system is

identical to the global system.

2.23 Inputs and outputs of the industrial systems

The inputs and outputs of the syst::t

clearly defind. Here the systematic appr

and 2.4 will be used. The material inputs,
the desired outputs and waste outputs shoul
differentiated. Representation as shown in

should be adopted.

2.24 Enerqgy analysis and systems

should be
h of fig. 2.3
fuel inputs,
d be clearly

Fig. 2.4

Generally the problem for energy an
to product rather than the equipment or o
example the problem may be to find out the
to produce one Kg. of steel, So the first
convert the product oriented system to oper

one, For this a system is to be chosen whi

the operations needed to produce the commodity.

system will come the whole series of opera;

lysis is related
rations. For
energy needed
task is to

ation oriented

lech includes all

In the

tions or sube

systems. For each of these sub-systems th
energy inputs will be evaluated.

to obtain a description of the whole syst

2.25 Choosging the system

materials and

These are then combind

There is no such thing as correct or absolute value
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for the energy needed to produce a kilogram of any commodity.
The values obtained depend critically upon the system
boundries chosen. The choise of system andthe identification

of the component sub-systems is the most difficult problem

before the analygist.care is to be taken as to which
operations are to be included or excluded depending upon the
significance and energy content of each and the definition

of the problem. A plant operator may only interested in

the energy content of the fuels actually consumed by his

plant, whereas the company policy decisionsg require information
concerning not only the-energy requirement1 to run the plant
but also that needed to construct the plant in the first

place and maintain it thereafter.

2.26 Assigning energy values to sub-system

Using the procedure described earlier we can represent

each sub-system as in figure 2.%Y. Inputs and outputs of

materials and energies can be written for each sub-system.
The final stage of analysis is the combination of the
energies associated with each of the sub-systems into a
single value which represents the energy for the whole

system.

2.27 Combining the eneragy of gub-systems

The overall energy of the system is| not always the

simple sum of all the values of the sub-sthems. Rather
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it depends upon the way in which the individual sub-systems

are linked,
They are
i, Multiple Feeds
ii, Linear Seguences
iii. Feed back loops

i. Multiple Feeds

The arrangement i1s shown in Figure 2

of operations Feed materials to a single pr

example is the feeding of iron coke and 1
a blast furnace. The system energy will

the sum of energies of each sub-system.

Y

Three types of sequences occur very frequently.

5. A number
rocess. Typical
stone to

therefore be

ii. Linear System
The arrangement and the system is shown in Figure
2.6. The system energy in this case also is the sum of

the energies of individual sub-systems, T
difference, however, is that in the linear
no independent production element. If the
efficiency of any sub-system changes the e

change will pass along the chain of supply.

iii., Feed Back Loops

Figure 2.7 shows a feed back system;
4 and 2 of a linear sequence of operations

are linked with a feed back loop via an add

important
type there is
conversion

Ffect of this

, Here operations

labelled 1 to 5
litional operation

6. If £ be the mass which is returned by *eed back loop
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aad (l1-f) goes directly to operation 5.

2.28 Simolification of problem for energy apnalvsis

In real industrial systems the operations are
complex and interlinked. The Energy analysis approach
as described earlier cannot be directly applied to the
problem. Rather the problem has to be simplified first
and reduced to the form where the systematic approach
can be applied. Complex operation can be oken down
to a series of simpler operations. Less energy intemsive

operations can be neglected without any appreciable error.

2.29 Orders of analysis

This term can be best explained by an example i.e.
the production of o0il in the o0il refinary. | Let us assume
that the whole of the oil industry i's fueled by oil only.

This system is shown in figure 2.8. Mass M of crude is

converted to finished oil fuel M with an emergy input

m = fM where £ is a suitable multiplier, owever, the

oil £M must have been produced at an earlier stage by the
expenditure fxfM quantity of fuel. If we go further then
at some even earlier stage (f.fM)f amount 0f energy must
have been expanded to produce f.fM amount of oil.
Proceeding this way we arrive at fig. 2.9.| If we consider
only the block A where an output of M is produced by an

input of (M+fM), this is the first order analysis. If




Ol Fuel
Crude ol =+ Producing -=— Finighed
M System fuel/ M
4 m=fM
Oilinput foruse
as energy
FIG 2-8 SIMPLE OIL- FUEL PRODUCING| SYSTEM-.
M M
e A -
1%
{h..'_db— — = { B
M
2
Dyt SUSE ]
I
M
D
t'm
[ : | System
| | | boundary
| [ |
F1G: 2.q OlL: FUEL PRODUEING SYLTEM SUCH THAT
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block B is also considered then it becomes | the second order
analysis and so on. With the increasing orders the
contribution of energy to the system becomes smaller and so
normally second order analysis gives sufficiently accurate

results.

2.30 Fuels and their energy

There are two types of fuels, prim fuels and

secondary fuels. Primary fuel is a naturally occuring raw
material and is used as a fuel without modifying its
chemical structure. Coal natural gas and 9il fuels are all
primary fuels. A secondary fuel is a sourde of energy which
is derived from the primary fuel, Coke, electricity and gas

are all secondary fuels.

The energy content of a fuel is the lenergy present
in the fyel that is actually available to the ultimate
consumer, But at some earlier stage some €énergy must have
been expanded to produce this fuel. This is called the
fuel production and delivery energy. So the total energy
associated with any fuel includes both the energies
Table 2.1 represents production energy of fuel, energy
content of fuel and energy content of fuel |and energy

production efficiency for different fuels,

=g & B




CHAPTER III

DESCRIPTION OF PRODUCT AND PROCESS

The industry under analysis is sit

ted in Punjab

and manufactures pistons of almost all Indian vehicles,

generator sets, engines and compressors.

onthly

production at present varies between 1,20,000 to 1,30,000

pistons.

The material used for pistons is al
Figure 3.1 shows the flow of material in v
departments of the factory. The alloy is
foundry from different constituent element
alloy piston blanks of various types are e
forged in the foundry. After removing the
the piston blanks are sent to nachine'shop

machined to finish products.

uminium alloy.

ious

epared in the
« From this
ither cast or
extra material,

where they are

After careful inspection,

they are packed and sent to the required drstinations

outside the factory.

Since the area of analysis, here i
therefore a detailed description of only
is given here,

3.1 Details of the process

The piston blanks are either cast o

r forged.

foundry only,

undry shop

Forging
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is done only in a few types of pistons. Mostly the pistons

are made by casting process.

Casting process is of two types namely hand casting

and machine casting. In case of hand casting the different

tools of the die are assembled and de-asserled manually

during casting. In machine casting the di

hydraulic machines and the different tools

the hydraulic actuators. Machine casting 1

s fitted on
are moved with

s comparitively

a newer process and is slowly replacing the hand casting

process.

For forged pistons firstly long rods of the required

alloy are cast. These are then cut to the

and forged by hydraulic presses.,

required weights

After casting or forging the extra material is

removed and the piston blanks thus manufact
treated in aging furnaces, These are then

shop for machining.

3.2 Layout of foundry

Figure 3.2 shows the layout diagram

There are two numbers of coreless induction

ured are heat

sent to machine

of the foundry.

furnaces located

on a higher plateform near the entrance. Three numbers of

oil fired furnaces are situated as shown in

the diagram.
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OQut of these two are the direct heating t
crucible type. The die casting machines
moulds are placed in three casting lines.
are also situated in lines parallel to the

casting machines and hand casting moulds.

Cutting machines are kept next to th
Heat treatment furnaces are lined up near t
section. Foundry Inspection Department is

to the heat treatment furnaces.

Forge plant is housed in a separate
the foundry building. There are two hydrau
550 tones and 150 tones, a double chamber r
furnace, a'stock cutting machine, a hydraul
operation of presses and a pickling unit si

in the layout diagram.

3.3 Process Details

33

s and third of
hand casting
olding furnaces

lines of die

le casting area.
the cutting

situated next

building near
1lic presses
atory heating
lic unit for the

[ tuated as shown

Figure 3.3 shows the flow of materi

1l in the foundry.

In figure 3.4 the detalls of operations done on the piston

blank are shown in a material type flow process chart.

Alloy making is carried out on ind
Mainly three types of alloys are used. We
alloynd, alloyi38 and Alloy Qithere.

alloys is the composition of different ing:

tion furnaces.

will name them

The differance betw=en

radients mainly




aluminium and silicon. Alloy Z¢has more si

1224 andi3B and alloy/3B has more silicon than
increase in the silicon content the casting

increases.

From induction furnaces the alloy is
temperature
temperature is called Tapping temperature.
temperature in case of Alloy 2Y%is more than
and tapping temperature of alloy3B is more
alloyl2h. This is done to keep into account

loss during transportation.

The alloy is then transported to th
with the help of Fork lift Trucks. Holdin
electrically operated and control temperat

automatically, within the required limit.
After filling in the holding furna:]

chemicals react with the impurities and bri

refining is done by adding certain additi

surface in the form of slag or slurry whic

hL:
removed_.chlorine gas also one of the additi

After the alloy is refined and it has

required casting temperature the casting pr

All parts of the die are assembled, the reqg

higher than the casting temperature.

34

licon than alloy

With the

temperature

taken at a
This
Tapping
Alloyl2k andi38

than that of

the temperature

holding furnaces
furnaces are

e of alloy

s the alloy
s. These

ng them on the
s manually

attained the
ocess is started.

uired quantity of
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molten alloy is taken from the holding furnace with the

help of a casting spoon and poured into the closed die.

The alloy solidifies in the moulds and after a specified

time the die parts are opened and castings

are taken out.

The castings are then sent to the cutting section.

Here the runners and risers of the castings are cut and

burrs etc, are filed.

In case of forged type blanks the long rods after

casting are cut to sizes on a cutting machine. These cut

pieces are then heated in a double chamber

rotary furnace

upto the forging temperature. The rods are forged one by

one firstly on pre-forge press 150 tones and then on main

forge press 550 tones. The forgings thus made are again

heated and quenched in water. This is necessary for the

subsequent heat treatment. The guenched forgings are then

machined on lathes. Pickling in caustic soda solution and

niteic acid is done after that to detect defects.

Cast blanks after removal of runners and risers and

forged blanks after pfdkling are then heat

treated to remove

the work stressed and attain the required Jegrea of hardness.

After heat treatment the blanks are

inspected for all

dimensional, heat treatment and metalurgical defects. The

good blanks are sent to the machine shop anf the scrap blanks

are melted,

-t O te=




CHAPTER IV

DETAILED ENERGY ANALYSIS

The data has been collected for a period of one
year from January 1, 1986 to December 31, 1986, The
data includes all energy and material inputs and the
material outputs during the study period.Other relevant
data regarding the process details, to be used in the

energy calculations have also been collected.

4.1 Energy Inputs

Enerqgy inputs to the foundry are mainly in the

form of electricity, light diesel oil and LPG. Table

4.1 show the electricity consumption by different sections
of the foundry in each month during the study period.

TABLE 4.1

Electricity input to the foundry during January
to December, 1986

Month e i i
Forge Induction Induction Dechlori- Heat Total
furnaces furnaces nation Treat- foundry
No.1 No. 2 ment
Jan. 48666 51260 44480 23350 49543 494944
Feb. 47866 67090 65410 24421 56213 403684
March 42630 63900 64780 25196 55941 489349
April 32600 60350 59150 24342 56222 438240
May 34000 67410 67870 21021 55143 518065
June 30920 69010 27250 26262 52219 507290
July 42450 48310 24970 23214 51023 509317
Aug. 39660 42460 44760 24913/ - 48914 434864
Sept. 33100 78700 72230 25913 50500 559552
Oct. 40570 71290 67780 24563 55447 486700
"NoVv. 25400 74600 66120 23053| - 50213 501400
- Dec. 54530 85630 83050 25586 56020 551835
Total.422392 780130 687850 291834 637398 5895240




to the foundry during the study period.

TABLE 4,2

|
|
|
Table 4.2 shows the light diesel oil and LPG input
|
|
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Light Diesel 0il and LPG input to foundry during
January to December, 1986

s

Month LDO | . LPG
{litres) | (Kg,)
January 93474 | 2550
February 61583 | 300
March 69346 | 2503
April 56459 | -
May : 64094 1697
June 61505 -
July 67183 1000
August 30812 1000
September 43147 1900
October ' 46298 2700
November 34718 3000
December 42431 3000
Total 671050 19850

|
L

The materials inputs to the foundry‘are different

: |
constituents of the alloys. Table 4.3 show‘the total input

of these, y
TABLE 4.3

Direct materials input to the foundry during
January to December, 1986

S.No, __ Material Qﬁan&i&z_iﬁa;l.____,
£ Aluminium 1274569.00

2. Silicon 244644.78

3. Copper i15963.10

4. Nickle g4703.10

5 Magnessium 1 41380.15

6. Al.Cr. . 6025,00

" Alloy 124 rods 35750.00

8. Al 138 _1219.10




|

\

|

\

w0
Indirect materials inputs to the foqndry form a

\
long list but they have a negligible contribution to

energy values. Hence for the convenience of analysis

these inputs will not be considered.

4.2 OQutputs

Output from foundry is the piston blanks of various
types varying in size shape and cempositiod. Table 4.4
to 4.10 show the blanks output in numbers during the study

period. The other details contained in these tables are,

1. No. of good blanks produced

2. No. of scrap blanks produced

3. Weight of each blanks

4. Weight of runners and risers of each byank.

5. Total number of good and scrap blanks.

6. Total weight of castings and forgings i.e. Blank weight

plus runners and risers weight of each type.

As three types of alloys are used fdr the production
of piston blanks namely alloy 124, alloy 1£a, alioy 244 and
mainly three types of process are employed namely machine
casting, hand casting and Forging so tables 4.4 to 4.10
contain the above details with a distribut#on depending upon

alloy type and process of manufacturing. ﬁhis is as under:

a) Table 4.4 for alloy 124 with Machine cﬁsting_process
b) Table 4.5 for alloy 124 with hand castqng process

@) Table 4.6 for alloy 138 with Machine casting process
\
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d) Table 4.7 for alloy 138 with hand Casting process

e) Table 4.3 for alloy 244 with machine casting Process
f) Table 4.9 for alloy 244 with hand casting process

g) Table 4.10 for Forge piston blanks.

TABLE 4.4

Details of blanks of alloy 124 made with machine
casting process

S. Type of Piston No.of No.of Blank Runners Total 7Total
No. blank good scrap Weight and No.of Blank
' blanks blanks Bw Kg. Riser Blanks weight

e 2 b !QQsh;___inikl_éu:Bz__.
w

1. Amb SRV 18302 895 0.435 0.415 19197 0.850
2. Amb S8 (HCR) 19278 1607 0.435 0.415 20385 0.850
3. Amb S8 16169 810 0.435 0.415 16979 0.350
4. Escorts 335 40015 6733 1.600 1.410 46748 3.010
5. Escorts 228/342 15235 1084 1.880 0.880 16319 2.760
6. Ford 3600 66914 2429 1.835 1.065 69343 2.900
7. Hind Trekkers 48379 2412 0.885 0.945 50291 1.830
8. Int Harv. 69599 2329 0.945 0.385 71928 1.830
9. Jeep Jellinue 9655 1797 0.580 0.280 11452 0.860
10. Koel 80 55198 2268 0.850 0.525 57466 1.375
11. Koel 87.5 14050 347 1.023 0.452 14397 1.475
12. Maruti 800 64234 11873 0.231 0.254 76107 0.485
13. Perkins P6 35733 736 1.512 1,238 36469 2.75
14. Rustm YDA 4551 149 2.240 1.500 4700 3.740
15. Rustm YWA 2404 103 1.510 1.190 2507 2.70
16, Silver Plus 18553 335 0.510 0.127 18868 0.277
17. Willy's Jeep 14620 845 0.605 0,190 15465 0.795
18, Zeter 95 12377 538 1.280 0.590 12915 1.870
562550

Total 525266 37290
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TABLE 4.5

Details of blanks of alloy 124 made with hand casting
process

S. Type of Piston No.of No.of Blank Runners Total Total

No.blank good scrap weight and No.of Blank

blanks blanks Riser blanks weight

weight

-1 b Bwikg. Rw g (a+b)Kg Bw+Rwkg
l. Ambassador 217838 10952 0.435 0.415 228790 0.850
2. Blgi 50 1329 ‘174 0.133 0.108 1503 0.241
3. Koel 85 6640 236 0.8%0 0.870 .6876 1.760
4. Koel AV-33 3347 64 0.640 0.507 3411  1.147
5. Standard Herald 12313 931 0.280 0.260 13244 0.540
6. Tata AC 10235 897 0.295 0.415 ° 11132 0,710

TABLE 4.6

Details of blanks of alloy 138 made with machine
casting process

8. Type of Piston No.of No.of Blank Runners Total Total

No.blank good scrap weight and No.of Blank
blanks blanks Risek blanks weight
weight
a b Bw_Kg. Rw K + +Rw_K
l. Agrom 11515 2315 1.700 1.550 13830 3.250
2. Bajaj Chetak 93093 3405 0.240 0.266 96498 0.506
3. Eicher 25138 6201 2.305 2.200 31339 4.505
4, Garelli Moped 9396 138 0.105 0.135 9534 0. 240
5. Majestic Moped 123734 7657 0.094 0.096 131391 0.190
6. Peugeot 83814 6311 1.022 0.463 90125 1.485
7. Rajdoot 276182 20967 0.250 90.152 29714° 0.402

Total 622872 46994 669366




TABLE 4.7
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Details of blanks of 133 alloy made with hand casting

process

S. Type of Piston No.of No.of Blank Runners Total Total
No.blank good scrap weight and No.of Blank

blanks blanks Riser blanks weight

weiqht
a b __Bw Xg. By_% (a+b) BW+RW K9
l. Atlas Moped 7846 463 0.0%6 0,158 8309 0.254
2. Bajaj Cub 6471 1044 0.155 0.209 7515 0.364
3. Bajaj scooter 113719 11816 0.225 0.279 125535 0.504
4. Bajaj 125 2585 399 0.220 0,212 2984 0,432
5. Girnar 29354 1138 0.220 0.289 30492 0.509
6. Jawa 70 3468 361 0.370 0.500 3829 0.870
7. Tata Rods 151888 18226 5.150 ~ 170114 5.150
8. MWM Rods 4495 200 9.86 - 5395 9.86
TABLE 4.8

Details of the blanks of 244 alloy madp with Machine
Casting Process

S, Type of Piston No., of No. of Blank

L
Runners Total Total

No.Blank good scrap weight and No. of Blank

blanks blanks Riser Dblanks weight

weight
2 b Bw Kg. Rw ka _{ath) __ BuiRw K

1. Cento J-100 11047 1039 0.175 0.246 12086 O.421
2, Ind Suzuki,AX-100 3425 512 0.170 0.160 3937 0.330
3. Lamby 57 37819 2643 0.272 0.132 40462 0.404
4, TVS Moped 293275 14929 0.092 0.090 308204 0.182
5. Vijay 57 77653 5259 0.270 0.107 82192 0.377
Total 423438 24408 447844




TABLE 4.9

44

Details of blanks of 244 alloy made with hand
= casting process

S, Type of Piston No.of No.of Blank Runners Total Total
No. blank good scrap weight and No.of Blank
blanks blanks Riser blanks weight
weight
a_ b Bw Kg. Rw {a+b) Bw+Rw
l. Mac 62 2977 794 0.305 0.205 3771 0.510
2. Rajdoot 350CC 4255 1218 0.313 0.337 5473 0,650
3, Vikram 66 7112 1316 0.335 0.275 8428 0.610
Total 14344 3328 17672
|
TABLE 4,10

Details of the blanks of 124 and 138 alloy made
with forging process

S. Type of Piston No. of No.of Blank Runners Total Total
No. blank good scrap weight and No. Blank
blanks Dblanks Riser of weight
weight blanks
- b Bw Kg, Ry ie (a+b) BuwtRw k.
l. Ruston MWM 133 7660 1330 3.170 1.760 8990 4.93
2. T55 124 5120 671 3.930 1.270 5791 5.2
3. Tata 90 138 30288 1479 1.320 1.255 31767 2.575
4, Tata 92 138 7970 837 1.3%4 1.181 8807 2.575
4 Rv
5. Tata 92 138 252336 10867 1.405 1.170 263203 2,575
5 Rv
Total 303374 15184 318558
133 298254 14513
124 5120 671
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4.3 Calculations of Eperqgy Values
4.31 Defining the system

Ou¥f study is restricted to operations taking place
inside the foundry. Therefore the system boundaries are
decided considering the foundry boundaries. Figure 4.1
show various inputs and outputs of the system. Here the
attempt is not to calculate the aboslute value of energy
associated with each type of blank, rather it is to know

how much energy is spent on individual blank inside the

foundry, only.
The system includes

(a) All direct materials inputs
(p) All energy inputs from fuels and Ele€tricity

(c) All materials outputs
The system excludes

(a) Indirect materials input

(b) Energy consumed on administrative and other
functions

(c) Energy consumed on the production and delivery
of raw materials

(@) Energy consumed on transportation of raw

materials, outside the foundry building
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(e) Energy consumed on the manufacture of casting
machines and other egquipment used in the

foundry.

4.32 The Sub Systems

The system as defined above is divided into different
subsystems. Firstly the total energy consumed by each
subsystem during the study period will be calculated. Then
energy consumed by each type of blank in each sub-system will
be calculated., Energy values thus calculated for a blank in
each subsystem will be added to arrive at tﬂe total energy

value,

The subsysteﬁs are decided on the bases of different

sections and processed§ in the foundry, These are

l, Melting
a) Alloy making
b) Remelting
2, Casting
3. Fetalling (Cutting of Runners & Risers)
4. Heat Treatment
5. Forge

6. Auxiliary operations of lighting and ventilation etc.

Figure 4.2 show how the subsystems are connected and

the material flow through each subsystem.
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4.33 Calculation of Energy consumed by each subsystems

Table 4.1 shows the energy (electricity) consumption
for different sections of the foundry. As different meters
are not installed for every sub-system as made in our study.,
so while for some sub-systems the energy consumption is
directly available from the meters, for others it has to be
calculated from the wattage of the total equipment in that

sub-system. These energy values are arrived at as under:
1. MELTING

(a) Alloy Making

Electricity consumption on two induction furnaces

as available from table 4.1 is
730130 + 687850 = 1467980 Kwh.

As all returning material added at the induction
furnaces is in the molten stage, melted on o0il fired
furnaces, so all energy consumption on induction furnaces
is assumed to be consumed on fresh materials i.e. for

alloy making.

(b) Remelting
From Table 4.2 the total diesel oil consumption is

671050 litres.

Electricity consumption by a 2 Kw motor of the oil

fired furnace in running for 4129.13 hours (Time calculated
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in later sections)

|
2. FETALING (Cutting of runners and risers)
|

The machines and their wattages are as under:

S.No. Machine Quantity Wattage Total
Wattage

1. SAy 2 15 KW 30 KW

25 SA=20 2 6 KW 12 KW

3. S5A=2 2 7.5 KW 15 Kw

‘S KW
4. .Power Hacksaws 5 LA5 KW 7.5 KW

|

Total Running time of machines per diy 18‘16 hours.

Total electricity consumed in one year

= 65x25 x 12 x 1B = 31200 units |
(days) (Months) (Hrs)
\
3. HEAT TREATMENT |

1
Table 4.1 show the electricity consumption for

heat treatment as 637398 Kwhe ;
|

4. AUXILIARY OPERATIONS

The aumxiliary operations include lighting, fans and

dechlorination unit. The different appliances used and

their wattages are as unders




S.No. Applicance

1.
2.
3.

4.

12

5.

Energy consumed = (
by casting

Ceiling Fans
Tubelights
Mercury Lamps
Cabin fans

Coolers and Ped Fans.

Quantity

40
120
125

50

10

50

Wattage Total
} Wattage
80 3.200
40 4.800
250 31,250
80 4,000
250 2,500
45.750 Kw

Considering 24 hours working 25 days a month for

months.

Total energy consumed = 45,75 x 24 x 25 x 12 = 329400 KW

Electricity consumption of Dechlrination as

given by table 4.1

CASTING
(

‘ foundry
(

Total energy
( consumed by

T N Ve Vaaah? N

= 291834 KW

621234 Kwh

( Ener consumed by alloy)
_ ( making + Remelting +

T ( Auxiliary operations + )
(Casti g + heat treatment)

)

= 5895240 - (146798048258+31200+637398+621234)

= 2848370 Kwh.
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6. FORGE

|
|
\
|
|
Electricity consumption from Table 4.1 = 422392 Kwh

LPG consumption from Table 4.2 z 5 = 19650 Kg.

\
Distribution of Energy consumption among sub-systems
1

Having calculated the energy consumption by each
sub-system we £ill these values in figure 4.2 to arrive

at figure 4.3.

4,34 cCalculation of Energy Values for individual blanks

in each sub-system

For calculating the energy consumption values for
individual blank in each sub-system the following details

will be needed.

1. Total weight of good blanks of each typé of alloy, total
weight of good blanks of all alloys and weight of

individual type of good blanks. ‘

2. Runners-risers weight of good and scrap blanks of each
type, RR weights of blanks of each aliay and RR

weight of all alloys.
3. Total alloy made of each type

4, Total metal recirculated of each type of alloy for

remelting.
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S5« Production per shift and number of.shiftr a particular

blank was produced during the study period.

6. MNumber of blanks of each type per charge of heat-
treatment and thus number of charges made during
the study period out of the total pro@ucticn made.

Calculations tables 4.11 to 4.17 show the above
details. Different tables contain information regarding
different alloys and manufacturing processes. Values
in these tables have been arrived at by auiéable
multiplications or additions of values of different
columns of tables 4.4 to 4.10. This is evi&ent from

the tables.




54

6S°*00ST 9T 0TIZY 08°Z0SLB6 6S°990TEYP TZT°9EP9SS LITP96TE  PO°TLYPIS
SO°*E¥ O00€ STI°6ZT 00T 6¥%°80E8 SO°TISTVZ S8°6T9L 0T TESOT ¥9*88% 9% °Z¥8ST 66 I839Z °8BT
£€6°0€ 00S OT°€0T 0ST LS°6%PE  L9°P6Z2TT SE*BE6T ZE*9SE6 TT°11S ot°*sves dear s ,ATTTM LT
B8S*ET 008 68°29 00€ 8y e¥ve €V *9CZZS €EC°96¢EC 0Z°*0€BZ sZ°0S S6°Z8LT SnTd IsATTS °*9T
Z0°*0T 0SZT LO*SZ 00Ff 98°BElE 06°89L9 134 3 X514 LS*S8LE £5°SST ¥0°*0€9€ ¥MX uo3lsny °*ST
08°8T 0SZ 00°L¥ 00T 9L°€BEL.- UO°*BL5LT n0*0%0L 00°*8ZSOT 9OL*fEE ¥Z v610T1 Yax uolsny °§I
9S°TZT 00E €S°TEE OTT 9%°T929% GL°68Z0O0T T9°8PISY CT TV 1SS €8 °ZIIT ~ 6T°CZO¥S 9d supdaIad €1
LO®06T 00% €S°08BE 00Z ¥8°8BSTZ 68°9Z¥9E€ LI TIEE6T TL*08SLT 99°Z%LT SO°8EBYT 008 TanteW °*Z1
ET°T¥y OSE LI°STT GZT SS°06STZ O0L°£96SE LS*SETTT ET"8CZLYT 86°¥SE . ST ELEYT G°L8 T°0d °IT
¥Z°£ST OSE OT1°€8BE 0ST S¥P°LSOZE SL°STO6L G9°69T0E OT°9v8eEYy 08°LZ6T OE°*BT69Y 08 1203 *0T
06°2Z 00§ 9T°'LS 00Z Z8"8vTv ZL eveé 95°*90C¢ 91 *Z¥99 9Z*Z¥0T 06°66SS snuyITer daap °6
T8"6LT 00% LL°EIS OFPT 6T°LSBS9 PT°BTO9TET BT°959€9 96°TL6LY 26°0022 SO°TLLSO JolisaAJeH °3juUl *g
8S°00T 00§ LZ°SEE 0ST T9°6S96% CO°SL¥Z6 66 *¥ZSLY E0°0S6VY T9*¥ETIT v cT8ZY INX{2IL PUTH °“L
9T*TEZ 00E 67 €69 00T TS*LOEBL OL°¥60TO0T 0T 0SBEL ~ OP*¥PTZLZT TT°LSPY 6T°LELTZZT 009t PxOI °*9
LZ*S9 0SZ 6T°£91 00T ¥?9°B6E9T P9°6E0SY TLTO9EPT Z6°8BL90E Z6°LEOT 00°T¥98C IVE/ 82T s31I008W S
66°98T 06CZ SE°¥8S o8 8V °LB99L B8Y"TTLOPT 89°$¥16%9 08°96LVL 08°ZLLOT 00°*vZO¥9 GEE 833008F ‘¥
gz*¥Z O00L 68°v8 002 #9°86€EL ST ZEPPT 8Z *9¥%0L 98°S8BEL SE°ZSE TIS*€EC0L g8 quy °¢
€8°6Z 00L Z¥°¥0OT 00Z ZE®99¢E6 SZTZSLLT LZ* L9998 L6°¥806 ¥0°669 £6°S8E8 ¥OH S8 quy °Z
Z¥°LZ 00L ®B6°S6 00Z LO®9GEB SP°LIEIT SL*996L 69 *0SE8 ZE*68B¢E LE*TO6L A¥S quy °T
Jusury
H -BaI13
o+D 3eay
3o @b (A+B) My
=Jeyd d ‘ME-q s)ueTq
ed TGFe d  i(arv)oy deios  Ag(W®)
gseb S s3zTYs 3IITUS (a+e) + poob syuerq Ag X q ng X ®
-IBYyD-UeTq UOTID Jad PRl X (Mg+My) 30 ybrtem deaos s)yueTq syuerq
30 JO -Npoid UOTID ~NDITOY Iybrem J2STYH +poob 3o deaos 3o poob zo ‘ON
*ON__*ON__JO*ON -Npold T[RIIa3el 1230% 3 SJauuny AubTapm Iybtem Iybrem uo3lsTg 3o adig um

sseooxd DHuTIsSeD SUTYDEW YITM opew $zZT AoTTe IO Sy URTq 2yl FO sTfFelaq

IT°v @avy



53

88°7¥8B0TT

YZ 6EY Z2E°818T 9€°*£06STT ev *8TOSTT S5°£96S 68°¥SP60T e300y
SOT*LE 00E TZ°*¥vL 0ST O%°*¥88% gL coelL 8L 6TV ye*EBZE T9°*¥9C CE*6T0E ov B3y .w
204 47 00E S6°S0T SCT 2Z1°vOLE 9L TSTL PPOEPVE CE*BOLE 89 *09¢ ¥O LYV E PTeIsy °*“p3g °*S
ZS*8  00% TI°*¥E 00T EE*OLLT T¥°C16¢€ LE*6ZLI PO*EBIZ  96°0F 80°CTVIC €€-AV T®0x *¥
¥S°6T 0SE 9L°89 00T 9T"2c6T9 9L*TOTZT - ZTTi°*T86S $9°6TT9 #0°0TZ 09°606S S8 Te0x °¢
00°¢€ 00s 2o°0o1 0ST 8% °S8T €ET*79¢€ TETE9T 68°661 L 2 T X4 SL*9LT 0s TO1m ¢
P8°9ZE O00OL LT"STST OSU 00°CTL66 OS°TLYVGEI SEe*LY6ve G9°ETS66 CZI°*¥9LY 0S°6SLP6 Jopessequy °T
o0 -3@813
Jeay (+e) My
3o b d d ME o syuURTq
- JeyD q+® 337TyYS deaos Mg (g+e)
. 1ed s3azTys  xed (A+O)M (a+e) + poob SYURTA Mg X q Mg X ®
sab ) UOT3Id uoy pa3eT X (ME+MA) 3o 3ybyam deaos syuelq s)ueTq
=Jeys =UeTq -NpPoid ~3oNn =-NdDIFOaY ybrem IasTYH +poob 3o deaos jo poob o *ON
JO°*ON JO'ON JFO*ON -pold TBII=aIBl 1230 B sJauuny JUSTaM Jubyem  Jubtem uwo3STd Jo adiy °S

sgapoad HuTasep puey Y3Ta apewl $ZT

Ty w18Vl

KorTe jO syuelq 8Yyjy ;3O syye3laq



56

1-98%! 8L Z9¥E VL SSBYTS 68°SPE9TZ SB8°60086Z £8°TL¥T¢ 20°BES99Z Te30L
¥Z'S6% ./ 009 6S°88TT 0SZ 6E°80¥0S 68°ESPETT ¥ 99TSY ST LBZYL SL°TIPZS 0S°SV069 jcopfey *L
w\\dm.hmn 0GE 00°TZL STT TL°LLTIBY GSL°TO6TEET LB°LZLTY B88°t9¥T6 ¥8°6¥¥9 P$0°¥T0GE joabuag *9
\ €T V91 008 OFP°SLE O0SE ST EEEET LZ°p96%Z ES°ET97T PL°OGEZT GL"6TL 66°0€91IT pPodOW oT3IsalieW °*§
16°1T 008 B8L°TE 00€ B8S°TOET 9T *88te 60°L8BTT L0 °TO00T 67 vl mm."omm pedoW TTT238H °p
"Z6°807 OST ©8L°929 (0SS OT°6EZE8 6T°ZBITPT OB*SPEB9 6E°9EZTL OE'6EZPT 60°EP6LS sraYoTd °€
66°Z6T 00S 99°TZEf OCE 99°GBYOZ ©6°LI8EY 9V 89967 ZS*6STEZ 0Z°LTI8 Ze'zwveze dejsyofeleg °z
TE®SS 0ST LS°L6T OL O00°TLESZ (S L¥6¥P O0S*SEVIZ OO0°TISEZ O0S°SE6E 0S°SLS6T woIby <1
P -
H -3®ax3 (a+e) my
o+ Jesy d d . . s)ueTq
10 GFe 33Tus 2 a+ dexos Mg (g+e)
ebreys sS3IFTUs Fed (FUIMY (a+e) + poob SYUBTQ Mg X q Mg X ®
Jad uoF3ld uoTf pajer X(mg+my) 3Jo Iybyem dexos  s)uelq s)ueIq
sabreyns sxuerq -Npolgd -30n ~-NDIFILI IybtTam Ie8Ty +Poob jo dexos yo poob zo ‘ON
JO*ON JO*ON  JO*ON =poid Tefia3en [®lol ® SIauuny Jybyem  3YbBTam  JUBTem  UOISTq FO 2dhy ‘g

ssepoxd Huriseo sujyoew YITM apew g¢T AOTT® JO sSUBRTY oyl JO STIe3laq

EL°Vy wravy



57

L6°ZSE 2T ¥8LE T°8€SLTOT OT*TLZ896 LV *PLO90T Z9°961298 Te30g
- - €8°6LT O0Ff  00°yLE8 OL°¥6TES - OL*¥6TES 00°¥LB8 OL°0ZEWY SPOY WMW °8
- - 0Z'0E¥Z OL  06°£98€6 OT°LBOILB == OT *LBO9LS 06°£9896 0Z°EZZTBL spoy IRy ‘L
956 00 29°0E ST  LO°B¥0Z E€C°TEEE  O0S°PI6T  EL*9TPT LS°EET  9T°€8ZT oL emep 9
86°09 00§ 82°€0Z OST ¥S°Z906 ZP°0TSST BI°ZIB8  PZ°BOLY 9€°0SZ  88°LSY9 TRUITH °§
L96°S 00§ §S°LT  OLT BE°0ZL  B0°68ZT  09°TEY 87°959 BL°LS 0L"89% sz1 [efea *p

LO°TS7Z 008 06°9€€ .omq~=.mmmmwwrmu<maumw~mawrkon.vaomn LE®SPTBZ 09°8S9Z  LL"98SSZ Ie30008 [efeg °g

3 e

_ZO°ST 005 - 0T°%Y OLT 9P CELY 9% SELZ £9°0L8T T8*P2TT Z8*191 00*£00T quofefeg °g
_ BE*OT 008 ®S'T¥I" 00T  LZ°LSEX 8Y°OTIZ ZB CIET 99°L6L  WV°PY TZ ESL padoy seE3y °T
T
H -3e2I3 (a+e)my
oD jeay d = M Q + . syueTq
jgo e d (a+0)my deids Mg (q+e)
abieyo S3IITUS 2JFTIys (qa+e) + pcob SYUBTO Mg X O Mg X ®
Jad WOTARD Jad paReT X (mg+my) 3JO JybByem deaos syuerq syueTq
. sebaeyosyuerq -NpOIgd UOTID -NDIFD8I aybrem I9sTH +pocb yo deaos jo poob Fo *ON
JO*ON JO*ON JFO'ON -1pOIgd TRTISIeR [®301 % sisuuny Iybyem  3Jubyem  3IybByem  wolsyg Jo adiy ‘S

ssepoxd Duy3ises puey Y3Ta spew geT AoTTe JO SURTQ Byl JO STTRIAq

PT*y STEVL



58

86°TL9 LS*699T1 L6°¥8B00TT 66°E£SSSY B6°0ESY9 PI°TIBLE P8°6VLO9 =308
T8°S9T 008 9G°*¥1I¥ 002 TS°16201 L6°LSZTIE BS°TIL88 PZ°9BEZZ E6°6TVPT TE°9960Z LS Ae[TA °g
0Z*SBE 008 PE°LZOT O00E TB*ITI6T TI*€6098 9E°BELLZ OL°PSEBT 9FP ELET O0E°T1869C pPadoW SAL ‘¥
76°08 008 ¥8°19T1 0s? LB*6S09 £9°9PE9T B6°0FVES G9°S00TT 68°8IL 9L*9820T LS Aquet *¢
£8°6 00% 6%°LT SZZT 96°91L TIZ*6621 T6°629 6Z°699 vo*Le 6Z°Z8S ~X¥Y TYnZng pul °Z
TZ°0€ 00 VvE'BY 0sZ L6*¥STE 6T *8S0S ST*EL6T y0°ST1Z Z8*TBT ZT*EE6T 00T~r=03uad 1
THJ] Jaeu
H -3B2213 ( a+e)my
9+0 Ieay d M3 + s)ueTq
3o qre d (q+o)My deins Mg (9+®)
ebaeyd s3FTUS 3IFITUS (a+e) + poob sjue[q Mg X q mgXxe
Jad uoF3o Jad peo3el X (mg+my¥) JFO 3JybBtem dexps  syuelq s)uerq
sebreyn syueTq ~npoagd UOTID -NDITOSI IYSTOM JesTy  +poub zo deaos yo poch jo *ON
_JO®*ON _3JO°ON JO°*ON =-npold [eIIajel Ie305 % SIauuny Iybyem 3ybyem  3IYDTeM wuwO3ISTg FO adhy ‘g

STy aT1avd

#82003d DuT3sed aujyoew Y3 Tm apowl £HZ AOTTR JO sSHUBRTQ ay3z JO s[Ieleq



59

f

_

ELCLE LY *8ST ; PL TZ90T ST*SE6Y 86°989S em.-oon TECTY e300
Lo°1Z 00v 8Z'¥8 00T 9G*8BGLT 80*TP1IG OL*LTIET |, BE° €282 98°0YF ZG°TBET wexys ‘€
Z1%6 009 8%°9¢ 0sT vo*szee SP°LSSE 0¥ *v¥81 VO*ETILT EZ°TIBE 1B°TEET joopfey ‘¢
¥s°L 00S TL°LE 00T ET*STOT TZ*EZ6T SO*ELL ST*0STT LT*Z¥Z 86°LO6 79 oW °*1

H Jusm "
R -Jeall (G+e) My
Q +0 Jeay d ‘MY q sxueTq

o TWe 4 d 4 (q+oIMy dexos mg ( q+®)
sabreyo sS3ITYS 2IFTYS (a+e) + poob S)ueTq Mg X q Mg X ®
sab Jad uoy3lD J9d PRl X (Mg+MYy) 30 3ybtem deaops syuerq syuerq

- JIByD SHURTY =-NPOlg UOTID =NdDITO9Y 3ybrem 98Ty  +poob jo deaos Jo poob 3o ‘ON
Jo*oy 3JO'ON JFo‘*oyN =NPOIg TeTIajey 12305 % SIauuny Jubtem 3ybBtem 3Iybiem uo3zsyd Jo odLr ‘S

ssapocad DBuyjseo puey yjztm speu AOoTTe ppz FO sS)uelq Jo sSTTEI=d

9T*%¥ w18Vl



60

G9 °999 zeresy L9°659968 ZT E6ETBE ¥S*99ZSLY ZE°OPZST ZZ*9Z00SY T=30%
$9°2S 00S 00°9LE OCL 79°STTEZE ZLLYLLLY TS°*LV6LOE TZ®00B69E ET°B9ZST BO°ZESPSE  A¥S T6 B3Rl *G
T9°LT 00S 8S°TT ooL ¥8°L9STI 20°*8L9ZZ 90°TO¥0T S6°9LZTZT LL®99TT SI*OITII AY¥Y Z6 ®lel ‘¥
€5° €9 008 8E*SY o0L 09*618TY 00*008BTI8 ©B5"L986E PV TE6TY BT TS6T 9T1°0866¢E 06 23Rl °f
9T £T 0SZ O0E*61 00€ 09°T1666 OZ*E€TTOE LS°¥SEL €9°8SLZTZ E£0°LEDT O09°TZIOZ gs~1L °Z
S6°S¢E 0SZ 96"62 00€ 0S°SBEO0Z OL°OZE¥Y¥Y OP°ZTBST O0E°86¥BT QI°*9TZP 0T°*ZBZ¥Z WMW uo3sny °T
- Y (]
-3ear) (a+e)my
Ieay d M A + s)uelq
3o q+e d ?y+dv3& dexos mg (q+e)
sabxeyo s33TUS aFTys (g+e) + poob syueTq Ag X mg x e
-xad £ (o} gn Bo) Jad pajeT x(mg+sy) 30 ybtem deaoe sjuerq syuerq
sabaeys syuerq =npoad UcTlo ~noIfosy FIybtam J98TY +poobh zo deans jo poob jo *ON
JO*ON JO°*ON JO*ON =-npold T[eTI2IBW Te3or  ® sysuuny  Juybyem  3ubyem  Juybyem uo3sSTg FO 2dLy ‘g

ssa00ad abi03 Yz TM speuw Aolre

LT*Y

8ET PU® PZT 3FO SHURTY 3y3 IO STFeI=Q

TIEVYL



6l

bR~ KOHEP

TABLE 4,18
Total weights of each alloy and grass weight of all
alloys
o Wt.of Wt.of Wt.of good R.R.Weight Total
Good scrap plus scrap weight
blapnks Dblapks  blanks
Hand 109454.89 5563.55 115018.48 110884.88 225903,.36
casting
Machine 524472.04 31964.17 556436.21 431066.59 987502,80
casting
Total 633926,93 137527.72 671454,69 541951.47 1213406.16
A Hand
L Casting 862196.62 106074.47 968271.10 49266.99 1017538,10
g Machine
y Casting 266538,02 31471,83 298009.85 216845,89 514855.74
g Total 1128734,64 137546,30 1266280,95 266112,.88 1532393,.84
8
: Hand
L Casting 4622,32 1064.26 5686.58 4935,.15 10621.74
3 Machine
casting 60749.84 3781.14 64530.98 45553.90 110084.97
2
4 Total 65372.16 4845. 40 70217.56 50489,05 120706.71
4
T Hand 976273,83 112702.28 1088976.16 165087.02 1254063.20
casting
0
T Machine
cast- 851759.,90 67217.14 918977.04 693466.38 1612443.51
A ing
b Totall828033.73 179919.42 2007953.20 858553.40 2866506.71
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Calculation of Energy consumed by blanks in each sub-system

1., Alloy Making

As the figure 4.4 indicates 633926.93 Kg. of alloy
124, 1128734.64 Kg. of alloy 138 and 6337216 Kg;of alloy
244 were made on induction furnaces. These figure have
been taken from table 4.18 and is the weight of the good

blanks sent out of foundry.

During its normal working it is observed that 400 Kg.
of alloy 124, 350 Kg. of alloy 138 and 300 Kg. of alloy 244
can be tapped per hour from the induction furnace. Therefore
working hours of the furnace during the study period for

each type of alloy are

Alloy 124 $iaio2ets 1584.81 Hours
Alloy 138 1128734.0% . 3224.95 Houwrs
Alloy 244 8337216 = 217,90 Howrs

Total = 5027.66 Hours

Electricity consumption for each type of alloy

1467980 x 1584.81
5027. 66

Alloy 124 = 462734.02 Kwh.

1467980 x 3224.95
5027.66

Alloy 244 51212%%3§7%%1=29- = 63622.60 Kwh

Alloy 138 = 941623.34 Kwh




1N

i OUTPUT

63302693 Kg.of alloy 124

Difprant Conshituents ALLOY MAKING

R T ) 128730 64 kg.cf ally 138
b B

6537216 ng.&% aﬁ@ad 244

-

467980 Kwh

FIG L4.  ALOY MAKING  SuB-SYSTEM




Energy consumed per Kg. of alloy making

T E o i - e

Total weight of alloy

Alloy 124 = 3833802 _ o 7248 xwn/kg.

Alloy 138 = —32822232. . 0,8342 Kwh/Kg.

63622, 60
65372.16

Alloy 244 = = 0.9724 Kwh/Kg.

For calculating the energy consumption for alloy
making for individual blank of each type, the blank weight
is multiplied by the energy consumption per unit weight
€sge Amb 5 RV alloy 124

Energy for alloy making = 0.7298 x 0.435
= 0.3174 Kwh

Similarly in case of alloy 138 and 244 the blank

weight is multiplied with 0.3342 and 0.9724 respectively.

These calculated vglues are written in column No.l

of tables 4.19, 4.20, 4.21, 4.22, 4.23, 4.24 and 4.25,

2. Reme 1tin§

Shows
Figure 4.5,Remelting as input-out system.

Alloy Remelted

Alloy Hand casting Machine casting Forge Total
124 116448.47 463030.76 9991.6 589470.74
138 155341.48 2438317.72 396641.85 800301.03

244 5999.42 49335.13 55334.55

Gross 1445106.32




€y

NPT

auTPuT
58947074 kg of meblon
e T Aty iy
S%\‘ldga REMELTING | 30030103 K% o—E wiolken
20,128,241 ¥

aﬂﬂe\a 128

5523455 Kg of, molten

Enncs ] alley 244,
ﬁ 671050 lihes of LD.o

8252 K.,_&\L\. oﬁ E\Gc_b;fdt?’

e

Fie ys5 REMELTING SuB-SYSTEM
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The above values are taken from table 4.12 to 4.18.

Alloy 124 and 138 are remelted on direct heating

type oil fired furnaces. The output is

Alloy Output
124 400 Kg.
138 350 Kg.

Alloy 244 is remelted on crucible type oil fired

furnace and the output is 150 Kg. per hour.

In both the above type of furnaces a 2 Kw motor

operates the blower.

Total furnace working hours

589470.74
124 4L = 1473. 67 houcs
138 800301.03 _ _ 2286.57 hours
350
244 -———§§%§§=§§—-= 368.89 hours
Total = 4129.13

Electricity consumption = 4129.13 x 2 = 8258.26 Kwh.

Epergy consumption for each type of alloy
Alloy Electricity consumption LDO Consumption

8258.26 x 1473.67 6710?0 x 1473,.67
124 SRRSO ¢ ¢ =2947.34 2129.13 239495.06
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8258,26 x 2286.57 i x 2 57
044  9258.26 x 368.89 _ 35 49 671050 x 368.89 skR.as

4129.13 4129.13

Energy consumption by each type of blank

Weight of material
Recirculated of that x Total energy consumption by that alloy

type

Total material
recirculated of X No.of Good blanks of that type
that type of alloy

e.g. For 138 alloy
Hateriallrecirculated of the

Xz ‘
No.of good blanks

Energy consumption _ 4573.16
for remelting 800301.03

For example

Amb. SRV alloy 124

Epnergy consumption 2947.34 8356.09 -3
for remelting = §e9476.74~ 18503 T 228 x10 " Rwh
and

239292.08 x8338-09 . 0.18549 lites of LDO
Similarly these values are calculated for all types
of blanks and are filled in column No. 2 and 3 of tables

4.19 to 4.25 for Electricity and LDO respectively.
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3. Casting

Figure 4.6.casting as an input-out system.

The basis for the division of the total electricity
consumption of casting section into blanks of wvarious

types has been taken as production per shift.

There are two processes with which the blanks are
cast. One is the hand casting and the other is machine
casting. In case of machine casting a hydraulic unit

operates the actuators of the hydraulic casting machines.
Energy conswnption _ 25 Kw x 25 days x 24 hrs x 12 Month
by hyd. unit = E.aoooo Kwh

Energy consumption ’
for other casting = 2948370 - 180000 = 2668370 Kwh

operations

No.of shifts of the blank
Energy consumption
- 2668370

by a blank at Total No X
casting stage :gt:higz; No.of good blanks

. 2668370 , No.of shifts of the type
15103.42 ° No.of good blanks

Additional energy for machine casting blanks

L 180000 X No.of shifts of the t
Total No. No.of good blanks
of shifts
of machine
casting

blanks (9332.51)
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INPUT
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Example

Ambassador SRV alloy 124 Machine casting

Energy 2668370

95,98
consumption =  15103.42 :

X 3303 = 0y9265Ewh

Energy - 280000 X 95,98

consumption
by Hyd. Unit 9332.51 18302

8imilarly the sbove engrgies have been calculated
for all types of blanks and tabulated in column No.4 of

4. Cutting

The cppss section of the runner and risers is
diectly proportiona€é¢ to the weight of the runners and
risers. Therefore the cutting Energy is also proporationate
to the weight of the runners and risers.

: _ We.of RRs of (Good+scrap)
Energy used for Total emergy x blanks

cuttinig of runner =

and riser of a Total weight of No.df good blanks

blank RRs of all types »

31;600 % Wt.of RRs of Good + scrap blagks
No.of good blanks
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Example Amb 5 RV alloy 124

Energy used for 7966.75
cutting of runners = g;;ggg X 13:05
and risers

= 0.1581 Kwh

S8imilarly the energy consumed for cutting of runners
and risers of blanks of all other types have been calculated
and tabulated in column No.5 of tables 4.19 to 4.25.

5. Heat Treatment

Process of heat treatment involves heating the blanks
at a particular temperature for a specified time followed by
air cooling. The piston blanks are kept in a box which is
charged in the furnace. The electricity consumed for one
charge is almost same for charges of all types. Therefore
the energy consumed by one blank will depend upon the number
of blanks per charge.column 9 of tables 4.1]1 to 4.17 show
the number of piston blanks per charge of h@at treatment and
the column 10 show how many charges of the iype were
heat treated during the study period of one year. The sum

of such charges is 4388.61 Nos.

Energy consumed at Total consumption No.,of charges
heat treatment by _ by heat treatment X of thetype
one blank of the Total No.of charges No.of good blanks

type




|
|
1 71
|

637398 No.of charges of the type

—4388.61 * “No.of good blanks
Example Amb 5 RV
Energy consumption ey
at heat treatment by = 951322 x 2ZL 20,2175 kwn

one Amb 5 RV blank

Similarly the above values of energy consumption
at heat treatment by blanks of all types have been tabulated

after calculations in column NO.6 of tables N0.4d9 to 4.25.

6. Auxiliary operations

The basis of dividion of energy consumption of
auxi liary aeperations of lighting,fans and déchlorination etc.
aqamn
into blanks of various types is giﬁan the p#oducticn per

shift.

Total energy consum= yo.of shifts of

Energy contribution : the tvope
of auxiliary opsrat- . PELSD OF Ammiliary i
ions consumption to «iif
shifts,
\
621234 No.of shifts of the type

15103,42 * No.of good blankss
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Example Amb 5 RV

621234 X 95.98
15103.42 & 18302

= 0.2157 Kwh

Similarly energy contribution of axciliary operations
consumption to blanks of all types have been calculated.

Column No.7 of tables 4.19 to 4.25 show such values.

7. Total Energy consumption

We have caleulated the energy consumption of all type
of blanks in each subsystem namely alloy making, remelting,
casting, cutting of runners and risers, heat treatment and
auxiliary operations. The sum total of these energy
consumption values give the total energy consumption. Column
No.83 and 9 of tables 4.19 to 4.25 show such values for

electricity and LDO respectively.

4,35 Conversiontof energy units

Table 4.26 show the energy values associated with 1 Kw

of electricity, @Gné& litre of LDO and one Kg. of LEG.

Table 4.26
\
Production & Energy Total
delivery content  energy
energy
1. Electricity  1KW 11.40 3.6 15.00
2. Light Fuel 0il 1 litre 8.29 40,18 48.47

3. LPG 1 Kge. - - 53.19
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values of column No.92 and 10 have been converted to energy

units and added. These are tabulated in column No.10.

4,36 Forge section

Total No.of shifts = 483.22
Total energy consumption = 422392
= 422392 X No.of shifts of the type
ENargy et biank 433,22 X NKo.of good blanks

|
Example Ruston MWM

Energy consumption _ 422392 29.96

at Forging stage 483.22 X 7660 " 3.4188 Kwh

and

19650 x 2°9.96

"1 n T8 " 91890 Xy, of LG

Similarly the forging energy of all pther types have
been calculated and tabulated in table 4.25.

Column No.3 and 4 of table 4.25 show the casting
energy attributable to each type of forged blank. These

values have been taken from table No.4.21.

Last column of table 4.25 show the aFdition of column
3,4,5,6 and converted to energy units and thus given the

total energy consumption of the forged blanks.
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CHAPTER v

DISCUSSION OF ReSULTS

51 From energy calculations tables 4.19 to 4.25 it is
seen that a TVS Moped piston blank has the lowest energy
consumption as 22,13 MJ while the Eichers piston-blank has
the highest value as 225.36 MJ which is about ten times

that of a TVS piston-blank. But the weight of an Eichers
piston-blank, 2.305 Kg., is about 25 times that of a TVS
piston blank. Thus it can be infered that a TVS piston blank
consumes about 2.5 times epergy per unit wai;ht as compared
to an Eichers piston blank. Figure 5.1 shows the variation

of energy per unit weight with blank weight.

The graph shows that the energy per unit weight
decreases with the increase in blank weight. This indicates
that the smaller piston-blanks are more a:er;y intensive and
the pro@uction process and the other paramters ol more
suitable to bigger piston-blank and it is uneconomical from

the energy point of view to manufacture smalPer piston-blanks.

Further, it is seen that energy per unit weight increases
very rapidly below a blank weight of about 0,850 Kg. The
above variation of the energy consumption are because of the

reasons that the capacity of the eguipment is suitable for bigger
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about 115 Kg. of alloy is unnecessarily heated throﬂhout the

shift.

The reason for the steep rise of energy per unit weight
below a blank weight of about 850 gms is, that abowe this weight
almost the full guantity of molten metal from the holding
furnace is utilised whereas pelow this it is not used. For
example a Kirloskar 80mm dia blank with a blank weight of
0.850 Kg. has 1.375 as the weight of cesting, including runners

and risers. The production per shift is 150 piston blanks.

Total alloy used = 1.375 x 150 = 209.50 Kg.

We have assumed in our study that electricity consumption
on each holding furnace in one shift is the same. This is be
cause of the automatic switching on and off of the holding
furnaces. Let this energy consumption be, C. Let the total
weight cast in one shift from one holding furnace be W. Then
energy consumption per unit Weight is —%—-. More the weight
cast less is the energy consumption per unit weight as C is

constant. This is the reason why smaller blanks are more energy

intensive.

The slow decrease in energy per unit weight with the
increase in blank weight beyond a blank weight of about 0.350
i.e. abowe the value where complete 200 Kg. of alloy can be
consumed is because the more the blank weight the more is the

consumption of alloy per shift. Thus with the same amount of
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energy consumption on one holding furnace more weight is cast

per shift of blanks with higher weight.

To bring down the energy consumption per unit weight
in case of smaller pistons either we have to inc¢rease the
weight cast or reduce the value of constant C. Bul the weight
of blanks cast cannot be increased as the production rate
depends upon so many other parameters. Reducing the value

of constant C means using a furnace with lesser capacity.

Size of Holding Furnace

The above discussion indicates that the capacity of
holding furnaces should match the consumption rate of the type,

For maximum savings in energy we can arrive uporn the following

sizes.

1. Wt. of Maj. Moped blank = 0.190 Kge.
Production per shift = 350 blanks
Consumption per shift = 0.190 x 350 = 66.5 Kg.

Optimum size of holding furnace = 75 Kg.

Thus depending upon the consumption rate of various
types of blanks we can have helding furnaces sizes as 75 Kg.,

100 Kg., 125 Kg., 150 Kg., 175 Kg. and 200 Kge.

Now depending upon the cost of each type of crucible
and their inventory carrying cost we can decide upon the

number of sizes to be used.
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5.12 Sub-Group Heat Treatment

In the heat treatment subsystem the energy consumption
is on running the heat treatment furnaces. We have assumed in
our study that energy consumption on one«chn#qc of piston
blanks irrespective of the type is the same.f This is because
all types are heated for almost the same duration of time.
Thus energy consumption per charge is constant. Let this be
H. Now energy consumption for heat treatment per unit weight
depends upon the weight of piston blanks per charge. Table
4.11 to 4.17 show the number of blanks per cﬁarge of heat

treatment.

AS a comparison let us take the details of two types

of blanks
Weight of Number of Total
blanks blanks per weight per
charge charge
Garelli Moped 0.105 800 84 Kg.
Agrom 1.700 ' 250 425 Kg.

. |
Similarly if we calculate the weight per charge of
heat treatment for other types of piston blanks. We will

conclude that smaller pistons consume more energy per unit

Here again, the same reagoning, that the equipment must
have been chosen to cover the whole range of products holds

gOOd .
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To reduce this enetgy per unit weight we have to modify
the process. Different types of Blanks of the same alloy can
be put in different racks and stocked one ah&ve the other to
make the total weight approximately equal to that of one type

of bigger piston blanks.

Considering the blanks of above example if we stock
5 types of smaller blanks of the same alloy one above the other

then approximate total weight = 84 x 5 = 420‘Kg.

To implement the above proposal the size and design of
heat treatment boxes and their handling equipment has to be

changed.

But there are practical difficulties in the implementation
of the above process. AsS the blanks are to be sent out of
the Poundry for machining every day,so whatever blanks are
produced in one shift have to be charged for heat treatment.
Normally the availability of smaller blanks of the some alloy
is not so much as to make complete charge as calculated above.
Hence the energy consumption per unit weight for heat treatment
will remain more for smaller piston blanks with the present
size of heat treatment furnaces. To reduce it we have to

go in for the egquipment of lesser capacity.
5.2 Energy wastage on melting furnaces

It is normally observed that the consumption rate of

alloy is not properly matched with its generation rate in the
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the induction furnace. Due to this reason the alloy after
being made has to be kept in the induction furnace and
electricity is consumed to keep it at the require tapping

temperature.

Electrieity consumption on InducCtion furnace as per data

table No.44]1 = 1467980 Kwh.

No.of working hours during the study period as calculated
earlier = 5027.66

The wattage of the furnace at the maximum step = 200 Kw.
Total consumption during the year = 5027.66 x 200 = 1005532 Kwh.

Wastage for holding the alloy = 1467980 - 1005532 = 462448 Kwh.
Holding time = —222388__ 2315.24 nours

Thus the alloy after being ready had to be kept for
2312 hours in the induction furnaces before it could be tapped
for pouring into the holding furnaces in the process 462443 Kwh
of electricity were wasted. A better material planning can

minimise this loss.

5.3 Energyv wastage on holding furnaces

It has already been shown that lot of energy is consumed
because of the size of the holding furnaces, 8till more energy
is wasted because of unnecessary holding of metal at the casting

temperature,
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Total number of working shifts as calculated earlier are

15103,.42 shifts.

One working shift means that one holding furnace kept
on running for one shift. The holding furnaces switch on and
off autongtically to maintain the alloy within the pre-set
temperature range. From experience we know that average time
for which the holding furnace remains switched on is about 5 minute:
and then remain switched off for 10 minutes. Thus out of

8 hours shift working the furnace remain switched on for

%QQ, 160 minutes.

The wattage of one heolding furnace = 40 Kw.

Total consurnption in the study period

40 x 160y 15103.42

= .1611031,465

Energy consumption for running the hydraulic unit as calculated

earlier = 1,80000 Kwh,
Total energy consumption = 1791031,46

Energy wasted = 2848370 - 1791031.46
= 1057338,54

Holding time = 1037333.34y 5 = 79300 Hours.
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The wastage of energy for heating the alloy unnecessarily
for 79300 hours is very high. This shows that 37 per cent of
the total available time the casting has not been done  only

63 per cent of the time is utilised.
The reasons for the above holding are

l. Alloy not ready due to high or low temperatures.

2. Breakdown of equipment.

3. Stoppage of casting process due to metalurgical or other
casting process.defects

4. Breakdown of tooling.
l. Low or high temperatures

To achieve the desired quality of castings the matal
has to be poured at the required temprature. To maintain
the molten alloy at this pre-set level in the electrically
heated holding furnaces, heating elements of the furnace are
automatically operated with the help of pyrometers which are
fixed in the pannels, meant for supplying electricity to
the furnaces. The pyrometer indicates and controls the
temperature senced by the thermocouples, But if due to any
reasons the temperature drops down or inCreasesbeyond the
required range the casting process has to be stopped. The

reasons for the temperature variations can be following.

1, Tapping temperature of alloy on melting furnaces is
either too high or too low

If the tapping temperature from the melting furnace is
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too high then after pouring in holding furnaces, you have to
wait till the temperature drops down and then casting process
can be starﬁed. In case of low temperature the alloy has to
be heated in the holding furnaces and the casting process is

started after attainment of reguired temperature.

2. Slag Formation

The thermocouple senses the temperature of the heating

zone as shown in the figure 5.2.

The slag formation im acts as an 1n¢hiation and while
the temperature of the heating zone reaches the required level
the temperature of the alloy remains much below. This can

be avoided

l. By avoiding or minimising the slag formation.
2. Usage of thermocouples or pyrometers which directly give

the temperature of the molten alloy.

2. Breakdown of Machinery

Due to breakdown of machinery and equipment the casting
process is stopped. But during the time the repair work
goes on, the molten alloy has to be kept at the required casting

temperature. This results in wastage of energy.
3. Stoppages due to metalurgical defects

To produce the castings of the desired quality, a number

of parameters have to be controlled, They are temperature of
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alloy, temperature of die parts, die and tool paints and
coatings, coolihg cycles and total time cycles etc. If any
one of these parameters is not properly maintained, the
quality of castings goes bad and the casting process has to
be stopped till that parameter is brought to the required
value. Before starting the casting process hn the beginning
of the shift all these parameters should be bhecked and
maintained because any stopage afterwards wiil not only effect

the production but also waste energy.
5.4 Temperature loss due to uncovered holding furnaces

We have seen that a holding furnace remains switched on
for one third of the time., Normally the working range of
temperature is 110°c. e.gs 1f the required temperature is
7?0°C, we can work between 760°C to 780°c, a total wvariation
of 20°C, Therefore in 5 minutes working the temperature
increased by 20°c and the furnaces gets switched off. Within
another ten minutes the heat is lost to the atmosphere and
temperature drops down to 760°C, and the furnace again switches

One

The tep end of the furnace is about 15cm diameter. This
remains open throughout because from this open end the metal is
taken out with the help of casting spoons. Because of this

open end the temperature loss takes place very rapidly.

Because of the sqme reason the temperature loss takes

place during transportation of the alloy alio. The crucible
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carried by fork 1¥ft containing the molten alloy is also un-
covered. Due to this anticipated temperature loss the alloy
is tepped from the induction furnaces at a temperature about
30°C higher than the casting temperature. Tp achieve this

more energy is consumed on the induction furnaces.

5.5 Dechlorination Unit

For refining the alloy some chemicals are added to the
molten alloy in the holding furnaces. Chlorine gas is one of
these chemicals. As inhaling of chlorine is harmful to health
therefore a dechlorination unit exists in the foundry as shown
in the Layout. From this dechlorination unit a pipe of about
400 mm dia meter comes to the other extreme of the foundry.

For each holding furnace one pipe of 150 mm diameter branch out
from 400 mm diameter pipe. Over every holding fu{nace there is
a suction hood. The suction blower of the dechlorination plant
is run by a motor of 75 Kw. With this the chlorine fumes coming

out of the holding furnaces are sucked and neutralised.

Normally the alleﬁ refining operations8 are carried out in
the foundry on 3 to 4 holding furnaces ofit of a total of 30
holding furnaces at a time, There is a butterfly valve on the
suction hood of every holding furnace. This valve is to be
opened in case the chlorine is passed to the metaf. But for the
proper operation of the butterfly wvalve a loose clearance has to
be provided which reduces the suction effectiveness. Thus the

suction effactiveness:iuﬁh a big blower is eruccd because of
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30 connections coming out of the main pipe.

A lot of energy spent on running the 75 Xw motor of the
suction blower is thus wasted. If we use smaller blowers for
a set of 5 holding furnaces it will be more effective and at

the same time consume less energy.

5.6 Casting of Rods for Forge Piston blanks

Table 5.25 show that out of a total wieght of 5.2 Kg.
of a rod for Tata blanks 1.6 Kg. is the waight of the riser
which goes as a waste. In gravity die casting employed in the

foundry this cannot be avoided.

Actually gravity die casting is not a saitable process
for casting of rods. The rods should be made by continuous
die casting process. As the melting furnaces are already
available in the foundry we should look into the possibility
of going in for the other equipment used for continuous

castinge.

-t O §=



CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

The results show that energy is being wasted in most
of the operations in the foundry. In melting operations more
energy is spent than required because of holding the alloy
after it has been prepared in the induction furnaces or oil
fired furnaces. A total of 462448 Kwh of electricity has
been wasted in one year which is 31 per cent of the totzl
electricity consumed on 1ndu§tion furnaces. | Thus, about
one~third of the total running time of induction furnaces was

wasted on unnecessary holding the metal.

It is not possible to totally eliminate the holding
of the prepared alloy, but it can be minimised by a better
material planning. From the total number of blanks being
cast on a particular day and the consumption rate of each
type the total alloy requirements can be calculated. For
example if the furnaces have been filled at 6.30 AM we can
make out that after how much time the next filling is required.
This time can be arrived at considering the die with the highest
consumption rate. At this time all the furnaces of that type
of alloy should again be filled, So the alloy should be ready

just before that taking into account the margins required for
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the safe working. A study can be conducted to evolve a
formula keeping in view the different parameters on which

holding depends, to minimise holding.

In casting the wastage of energy as shown earlier is
firstly because of the size of the holding furnaces and
secondly because of unnecessary holding of alloy in the event
of stopnage of casting operation. In the first case it is
recommended to use holding furnaces of the smaller sizes.
To completely eliminate the energy loss due to bigger size
of the holding furnaces, we have to use atleast six¢ sizes
of holding furnaces. This may not be particularly feasible,
because it is very difficult to keep inventory of spares of
six types of holding furnaces. The inventory carrying cost
might surpass the energy savings. Thus a study can be
conducted to arrive at a breakeven point between the number

of furnaces and the cost of keeping the inventory.

In case of alloy 244 -unbaf piston blank has weight
more thano.&?Therefore atleast for alloy 244 we can use

furnaces of smaller sizes.

The second reason of wastage of energy in casting,
the holding of alloy during the time when casting is not
going on can be minimised.

i) by reducing the breakdown of machinery through better

preventive maintenance.
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1i) by properly painting the die parts, using the exact
composition of the materials required and using
lubricants before and during working. This will avoid
the metalurgical defects.

iii) by proper control of temperature on(a)melting furnaces
while tapping the alloy (b) By regular removal of
slag from the holding furnaces to aveid the effect

of slag on temperature control.

The slag formation occurs when the chemicals are added
to refine the molten alloy. Even if we take care to remove
this slag regularly, some guantity of it will definitely
deposit on the walls. The crucibles of the furnaces are
replaced on every Sunday. Thus on first working day, Monday
there is no slag on the walls and as a result the temperature
of the molten alloy remains controlled within the set limit.
But during the next days of the week the slag deposits get
increased Ehe difference of temperature between the set values

and actual readings eccurs.

As slag formation cannot be totally eliminated so the
only way to control the temperature is to look for and use the
thermosouples which directly gives the temperature of the
alloy, instead of that of the heating chamber.

Due to all above reasons the casting operations were

stopped, while the alloy was ready to be cast, for 79300 hours
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wasting a total of 1057338.54 Kwh. which is 37.1 of the total

consumption. This must be minimised.

- One more area in casting, which wastes energy as
shown earlier is heatless from the uncovered holding furnaces.
It is recommended to cover the holding furnaces with
temperature resistant steel sheets with reflections on the
lower sides., These sheets can be covered with refractory or
other insulating materials. These covers can be made to
move up and down automatically for the insefion of casting
spoons, or these can be made to rotate on & hings. 81nilar1y

the crucible of fork lift track can be covered.

A study can be conducted to find out the expenditure
to be done on covering the holding furmaces and the resultant

energy savings.

Heat Treatment

To avoid the wastage tofenergy in heat treating the
smaller sized piston blanks, it is recommended to c¢hange the
design of the boxes and their handling equipment so that four
to five types of small sized piston blanks of the same alloy
can be put together for heat treatment., This system will avoid
the wastage when 4-5 types of such piston blanks are
available.
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To completely avoid this wastage it is recommened to
use smaller sized heat treatment furnace for smaller blanks.
Depending upon the total number of such pistons available
throughout the year, the cost of the equipment and other
related factors a study can be conducted regarding the purchase
of the equipment.

As present dechlorination plant is not effective and
at the same time consumes lot of energy. Everytime a 75 Kw
motor runs. It is recommened to use 4 to 6 smaller plants
for a set of holding furnaces. only that plant in the area
where the metal refining is going on can be switched on at

a time. This will save a lot of energy.

Rod casting consumes lot of energy because of the
weight of the riser. It is suggested that either the
continuous casting process should be employed or the rods
should be purchased from a party who employs continuous

casting process.

Suggestions £ further study

Through the-ptesent study all the areas where energy
is being wasted have been highlighted with the gquantum of
energy being wasted in each area. The suggestions have also
been given regarding employing the ways to avoid these energy
losses. To prove the practicability of these suggestions

further studies can be conducted.
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Scope of further work

1.

2.

4.

Optimum size and number of sizes of the holding furnacé:
Considering the consumption rates of aﬁloyu for all
types of blanks, cest of crucibles and their inventory
carrying cost it can be calculated that what should be
the size of the holding furnace for a particular
consunption rate range. Also the number of sizes of

crucibles can be calculated.

Material Planning for Minimising holding in melting furnaces:
Considering all the parameters on which alloy holding

in melting furnaces depend, a linger programming problem
can be made and holding can be minimised.

Covering of holding furnaces:
A study regarding how much energy will be saved by
providing moveable covers on the holding furnaces
and the cost of providing and maintaining covers, can

be done.

Changing the design of heat treatment boxes and their
handling system. The cest involved and the anticipated

energy savings can be studied.

Also cost involved in the purchase of smaller sized heat
treatment furnace and the savings which could be made
by its use can be studied.
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5. Dechlorination plant:

If we use 4 or € smaller plant instaag of the present

plant what would be the sawvings and 9#her benefits.

6. Rod casting:

Continuous casting process should be used for rod
casting. For a rod about 400 mm lonqL gravity die
casting process is not recommened. J study can be
conducted regarding the purchase of machinery and
equipment used in continuous casting Erocess and the
benefits and enérgy savings which couhd be affected

through it.

i Q 3=~
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4.

7.
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