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CHAPTER-II 

THE STUDY OF THE EXISTING LITERATURE AND 

THE STATE-OF-THE ART 

2.1 INTRODUCTION 

Although, the non-traditional machining process have created a 

revoliution in the field of machining technology but the development of the ideas 

of the various processes were initiated as early as in 1920 in the USSR by 

Gusser. A method of machining adopting chemical and mechanical means in 

combination was suggested by him. 

B. R. Lazarenko and N. I. Lazarenko are credited with the develop

ment of EDM process for the first time in the USSR. During early 1943 they 

first developed the idea of spark-erosion machining, advancement also took place 

almost simultaneously in Europe and USA since then developments have been 

taking place very rapidly in the theory and technology of the process and still 

continuing. 

The idea of Ultrasonic Machining (USM) was invented by Balamuth in 

the year 1942 at the time of investigating dispersion of solids in liquids with the 

help of a vibrating magnetostrictive nickel tube. 

In the early nineteen-sixties, the idea of ultrasonic machining began to 

develop widely in the USSR. 



The basis of laser been machining was established by the processes 

which were developed by Basov, Prokhrou and Fabrikant in the USSR IN 1950. 

The laser methods which have been developed in the eady 1960's. simultane

ously in the USA and the USSR, are an application of quantum radio electronics 

and electron optics. The first application of laser beam machining had been for 

the combined welding and cutting of components used in the electronic industry 

and also for drilling small holes. 

Electrochemical Grinding process has practically been developed in 

about 1950 and in the early nineteen-sixties the concept of Whirling Jet machin

ing was innovated. 

Many of these new techniques of machining have been developed in 

the last decade to meet the challenges put forward by the rapid development of 

the hard-to-machine and high-strength-temperature-resistant (HSTR) alloys. It is 

anticipated that in the near future, these new technologies will find an ever 

increasing application in all branches of mechnical engineering industry. 

2.1.1 BRIEF INTRODUCTION TO VARIOUS PROCESSES 

i) Abrasive Jet Machining (AJM) 

AJM differs from usual sand blasting in the size of the abrasive and 

control. Material removal takes place by impact and erosive action. 

ii) Ultrasonic Machining (USM) 

The idea of USM was invented by Balamuth in 1942 while 



investigating dispersion of soilds in liquids with the help of a vibrating 

magnetostrictive nickel table. However, initial work on developing it 

as a process was done by Resenberg. Material removal in USM is 

through brittle fracture of work material at the sites where the abra 

sive grains are hammered down by the vibrating tool. So the process 

is most suitable for brittle materials. 

iii) Electrochemical Machining (ECM) 

Towards the end of 1920 Gussev suggested a method of machining by 

the combination of chemical and mechanical means and in 1940 he 

laid down the basis of ECM processes. Parallel research had also 

been made by an american, Burgess and in 1941 he had demostrated 

the possibilities of ECM. In ECM material is removed through 

electrochemical action and hence, it is independent of the mechanical 

properties. This is one of the most important nontraditional proc 

esses. When electrochemical action is coupled with normal abrasive 

action during grinding the process is called electrochemical grinding 

{EGG). 

iv) Chemical machining {CHM) 

Chemical machining is basically a process of material removal by an 

etchant. The etchant may be either in liquid or in gaseous from. 

v) Electric Discharge Machining {EDM) 

EDM was originally developed by B. R. and N. L. Lazarenko in 1943. 

Subsequently advancement parallely took place in Europe and USA. 

In EDM, material removal takes place by a combined process of 

fusion, vaporization, mechnical shock and dielectric circulation. 

Recently a modification of the process, known as wire EDM is coming 

up as very versatile and powerful method. 

vi) Electron Beam Machining {EBM) 

In EBM material is removed by heating and vaporization of the work 

material where the electron beam impinges on it. A fine control of 

heating rate is possible by controlling the accelerating voltage. 



vii) Laser Beam Machining {LBM) 

The basic method of material removal is quite similar to that in EBM. 

In case of LBM the advantage is that the process need not be 

conducted in high vacuum. The initial application of LBM had been 

for the combined welding and cutting of components used in 

electronic industry. 

2.2 PROCESS PLANNING 

The task of process planning is to translate design data to work in

struction to produce a part or a product most effectively. This implies that 

process planning should interact directly manufacturing process and sequencing 

based on the information presented on the work piece drawing and the bill of 

materials. This interface can be achieved with the aid of the computer using a 

common data base leading ultimately to a completely integrated manufacturing 

system. 

Process Planning is that set of function withen a manufacturing facility 

that indentifies the specific machining processes along with their relevant param

eters duly determined which are to be used to convert a piece part from its inital 

form to a final form most effectively. 

Alternatives, process planning could be defined as the act of preparing 

detailed work instructions required to produce a part, The initial material re

quired to be used can be of a number of forms, the most common of which being 

bar stock, plate, castings, forgings or may be just a slab (of any geometry) of 

metal. 

With the raw meterial as a base, the process planner prepares a list of 

processes needed to convert such material into a predetermined final shape speci

fied by attributes like dimensions and accuracies. 

The process plan is frcequentlv called an operation sheet, route sheet, 

(operation planning suniinary ox anotliet .sitiiildi iidiiic, 'I'iic detailed plan usiialk' 
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contains the route, processes, process parameters, and machine and tool selec

tions. In a more general sense, a process is called an operation. The process 

plan provides the instructions for production of the part. These instructions 

dictate the cost, quality and rate of productions. Therefore process plan is of 

utmost importance to the production system. 

2.3 INPUT TO PROCESS-PLANNING 

The Principal inputs required for effective process planning can be 

broadly classified as shown below: 

i) Part Design and Description 

ii) Machine Tools 

iii) Tools 

iv) Jigs and Fixtures 

v) Standard time and costs. 

In addition to above parameters, process planning function requires 

the following procedure and related methodoligies: 

i) Design identification and part classification 

ii) Process Selection 

iii) Jigs and Fixtures selection 

iv) Parameter optimisation 

v) Cutter path generation 

vi) Material selection 

vii) Machine selection 

viii) Tool selection 

ix) Process sequencing 

x) Intermediate surface generation. 



2.3.1 OUTPUT TO PROCESS-PLANNING 

The most important out put of process planning function is process 

plan. In addition process plans provide pertinant input information for bringing 

out various statistics related to machine tool utilisation, tool utilisation, meterial 

utilisation etc. 

2.4 PROCESS PLANNING FUNCTION 

The first step is to select the raw part, which may be a slab, a blank, a 

rough forging or a rod. It is necessary to determine the required oversize of the 

part to assure a flawless surface after machining. The weight of the raw part also 

has to be calculated, This however excludes situations where processing are to be 

done on an already preprocessd work piece. 

In the next phase, the individual operations to produce the part are 

determined. The possible operational sequences are maintained in a sequence 

file. 

The next activity is the selection of the machine tools. For this pur

pose, the system must contain a machine tool matrix files. It holds information 

on the functions of the machine tools and their physical restrictions. To deter

mine auxiliary functions, the system has to contain fixtures, tool and measuring 

instrument matrix file. In addition, a file containing manufacturing specificatications 

must be provided. In a succeeding step the manufacturing times are calculated. 

This includes determination of feed, speed and set up, lead and porcessing 

times. Information on these activities may be obtained from look up tables or 

with the help of quantitative expressions. 

2.5 COMPUTER AIDES PROCESS PLANNING 

Conventional Process Planning exercises carried out by manually sys

tem makes the planner to rely heavily on personal manufacturing experiences 
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and handbook. The acquired knolwdge of the planner includes possible machin

ing operations and sequences to produce a part and available cutting tool, ma

chine tool to be followed and measuring instruments. In addition tables and 

handbooks are often required to be used by the planner to determine depth of 

cut, speed for machining, feed etc. and the tolerances and surface finish that 

would be achieved through adoption of identified cutting condition. 

In the light of above an automated process planning system derived 

with the aid of computers should have the following features: 

i) It should operate as an integrated planning aid that obtains input 

data through direct interaction automatically from engineering 

function to generate a complete set of process plans to be used in 

production planning activities. 

ii) The design of the module should be of generalized nature to 

ensure a sufficient level of varsatality in terms of types or nature of 

products that can be handled. 

iii) It should posses an on-line interactive system to exploit the 

potential of the computer further by becomming able to take care of 

changes that may be required to be accomodated. 

iv) It should be user firendly and provide operator guidance so that 

it can achieve ready acceptance from a wide range of technical 

professional. 

v) Like all other production equipment, it should be cost justified. 

Computer aided process planning can be catagorized in three major 

areas based on the difference of approaches; viz (i) Variant process planning, 

where library retrieval procedures are applied to find standard plans for similar 

components which have already been implemented, (ii) generative process plan

ning, where plans are generated automatically for now components, (iii) Hybrid 

of semigenerative i.e. synthesis of variant and generative approach. Generative 
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approach is the most desirable as well as the most complex way of performing 

computer aided process planning with maximum effectiveness. Current "CAPP" 

systems commercially available range from simple editors for manual planning to 

fully atormated systems for planning a range of products. Some benefits of such 

CAPP are as follows: 

i) Improved Productivity 

it) Lower Production Cost 

iii) Consistency 

iv) Time savings 

v) Rapid integration of new production capabilities. 

2.6 DIFFERENT APPROACH TO PROCESS PLANNING 

VARIANT APPROACH 

The variant approach to the process planning is comparable with the 

traditional manual approach where a process plan for a new part is created by 

recalling, identifying, and retrieving an existing plan for a similar part, and mak

ing necessary modifications to accommodate the amended features of the new 

part. In this system the parts are classified unambigously into a number of discreate 

part families, characterized by similarities in manufacturing methods. For each 

part family a standard process plan, which includes all possible operations that 

may be required for all the member of the family is stored in the system. 

Through classification and coding, a code is built up, these codes are 

often used to identify the part family and the associated standard plan. 

The standard plan is retrieved and edited to match exactly the manu

facturing requirements for the new part. 

This approach is still popular due to lower investiment, short develop

ment time, lower hardware and development cost. 
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The significant disadvantage of this approach is that the quality of 

process plan depends upon the knowledge background of process planner and 

quality as well as the coverage of data base. 

GENERATIVE APPROACH 

An ideal generative process planning system relies primarily on infor

mation pertaining to the design of the part and generates the process plan. Such 

process plans include processes to be adopted on sequence and documents them 

without human intervention. The generative approach is based on defining the 

process planning logic using methods like: 

r- Decision trees 

'r Decision tables 

'r Artificial intelligence-based approach 

Generative process planning systems are to be rapid and consistent in 

generating process plans. They should posses the ability to create process plans 

for entirely now components. Generative process planning attempts to initiate 

the process planner's thinking by applying the planner's decision making logic. It 

uses "huWt-'xn" decision logic which checks condition requirements of the compo

nent. 

The rules of manufacturing and equipment capabilities are stored in a 

data base in a computer system. A specific process plan for a specific part can be 

generated without any involvment of human process planner using such system. 

This delinks the effectiveness of the system from the skill, experience & knowl

edge of the planner. The input requirements are either provided in the form of 

text input requirements are either porvided in the form of text input (/.e. interac

tive input) or the form of graphic input where the part data is traasfered from a 

CAD module (i.e. interface input). 

The process plan generalised by this approach are fully automated but 
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the initial investment is high primarily because of more demand on the nature of 

hardware capabilities. 

SEMI-GENERATIVE / HYBRID APPROACH 

The term semi-generative approach may be defined as a aynthesis of 

generative and variant approach. A pre-process plan is required to be developed 

and modified before the plan can be utilized in a real production environment. 

This approach is an interim approach and is still in its infancy. The decision 

logic, formulae and technological algorithms as well as geometry based coding 

scheme for translating physical features of the job are built into the system. At 

the first sight, the system working steps are the same as generative approach, but 

the final process plan has to be examined and errors corrected if it does not fit 

the real production environment. The modification in the process plan is small as 

compared to variant approach. 

The main advantage of this approach are speedy automatic genera

tion reduced process planner's participation and ensured quality of the process 

plan. 

2.7 EARLY RESEARCH ON CAPP 

WYSK R. A. & BARASH M. MJ'i described the outlines of the 

responsibilities and finctions carried out by the process planner, particularly in 

the context of products to be processed through machining centers. 

The report also presents an overview of the two approaches to auto

mated process planning, namely the variant and the generative process planning. 

A variant process planning system uses the simmilarity among components to 

retrieve existing process plans where as a generative process planning can be 

defined as a system that synthesizes process information in order to create a 

process plan for a new component automatically. Process plans are created from 

information avilable in a manufacturing data base without human intervention. 
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They also presented a methodology for selecting some optimum ma

chining parameters such as speed, feed and depth of cut. Side by side the input 

requirements for process planning were also discussed. 

EVERSHEIM. W. et al '̂ i illustrated possibilities and experiences of 

using computer systems for process planning problems. They presented a method 

by which an entire process plan could be automatically generated with the help 

of cutting data and with the information regarding machine tool. 

S. ZHANG & W. D. GAO î i introduced "TOJICAP" which is an 

interactive computer aided process planning system for rotational parts. 

TOJICAP is Written in MS-BASIC designed to run on a VICTOR 

9000 micro-computer. It Is daimed that the TOJICAP system combines the 

merits of variant as well.as generative process planning, in the sense that al

though the standard process sequence is retrieved through the part family classifi

cation and code, the details of each operation are generated automatically from 

the data base. 

ESKICIOGLU H & DA VIES B. JJ î introduced a feature oriented 

process planning system known as 'ICAPP'. The system using both the variant 

planning via the part family concept and the generative planning, can plan ma

chining operation interactively so that appropriate task could be shared by the 

computer and the planner to improve the overall system performance. The 

system was also reported to be capable of processing basic machning processes. 

WEILL R, SUPR G & EVERSHEIM W '̂ i presented the prevailing 

state of art in the field of computer aided process planning system and on the 

basis of a typical example they carried out a methodical analysis of the process 

planning function. Besides, a systematic review of typical existing system had 

also been presented with an effort to classify the differentsystem according to 

their basis characteristics. 

Van't ERVE. A. H & KALS. H. J. J. '"i presented the concept of 

XPLANE, a generative computer aided process planning system for part manu-
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facturing. 

Ths system would automatically select tools, machining operations 

and their sequence and would provide the facility to specify dimensions, positions 

and tolerances of the produce. 

PANDE S. S. & PALSULE N. H. I'l presented the design and imple

mentation of a computer assisted process planning system for turned compo

nents. The system incorporated modules for component geometry representa

tion, automatic selection and sequencing of machining operations, process pa

rameter selection, machine and tool selection, time and cost calculation and 

finally report generation with an aim to provide a quick and efficient method of 

generating consistent process plans. 

The lead time in preparing process sheets had also been reported to 

have been considerably reduced as a result. 

GURUSAN, BATRA J. L & JAIN V. K. î ' presented a systematic 

methodology for the generation of computerized process plan for electrochemically 

machined components produced on standard sinking machine. 

The system is divided into two modules viz, input moduleand planning 

module. The imput module collects and accept information on available machine 

tool, anode material, electrolyte property and the geometric feature to be ma

chined on the work-piece, while the planning module combines features for si

multaneous machining, their optimal sequencing and determining the optimal 

machining parameters. 

These procedures when repeated for each machine tool could indentify 

the most economical machine tool for performing all the operations. This sys

tem helped the planner to generate logical and optimal process plans in the non-

traditional machining area where CAPP efforts have not been rather signigicant. 
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