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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
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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
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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




30

Soved wpisgno oL

AYMOLOVd 3HL NI MOT4 TIVIY3LVIW

2 914
suagsid Suojsyy S| \Ao_“d 2w Jo
P9 Yy WISy Ywowepe STOrvDy
_/_OHM doHS
ININDVYY -_:H%SANVA! INIHIVIN RIONNO4 [~ T s3yoLs




31

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

dechlorina