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SYNOPSIS

The control of cutting tools within a large-scale manufacturing
environment has been studied and a routing through a "linked” tool control

system designed and implemented.

Previous contributions in the field of cutting tool control have

ded

focused upon a number of spec ist areas, and these can be d

into three broad categories:-

(@ At the point of application upon ind dual machine tools.

() The tool planning element within Process Planning systems.

(c) Tool material supply systems.

However, in terms of viewing the problem of tool control from
a Manufacturing Systems perspective, i.e. the study of the “whole®

system, then this particular subject area has been neglected.

A claim to or nality is made with respect to the contents of this

1 control

thesis which consider the interactive nature of the essenti
disciplines inherent in (a), (b) and (c) and these are then linked
together within a single tool control system framework.

Applying this linked systems approach to one tooling family (indexable
inserts) within a factory embracing jobbing, batch and flow line
production systems resulted in the achievement of a package of economic
benefits which included significant reductions in related inventory

‘the

levels, expenditure, labour content, and through Improvements

isation and output of selected machine tools.
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INTRODUCTION

In an aver-Increasingly competitive world the need for a more
efficient manufacturing sector within the national economy becomes of
paramount importance. Economic recession and its impact on market shares
encourages management to pursue rigorous short-term measures when faced
with threats to business survival. Such measures impact upon all areas of
the business activity and may range from aggressive marketing and

purchasing policies to equally aggressive measures to achieve maximum

utilisation from all existing resources which include employees as we

ties. Such act

faci ties have been shown to generate considerable

improvements in operational efficiency and can be seen to be long overdue,
removing the shackles of many years of custom and practice within
companies.

To maintain such improvements in business efficiency and generate

confidence in medium-term viability w require the implementation of a
package of measures underpinned by increased investment in new technology.

However, it is Important to recognise that such technology in Itself is

not a panacea, and cr ism of under-utilisation of resources so

frequently levelled in the 1970"s could well be just as applicable in the

1980"s unless management is educated to realise the true potent

their technological investment. Certa y thought processes and
decision-making based on “systems™ concepts will play a major role in

future business strategies.

Demands for a more v onary approach to management are not new, and

the great m

estones with respect to the traditional metal removal
industries are undoubtedly the work of F W Taylor and M E Merchant.
In the first quarter of this century Taylor presented a totally new

concept in management with the introduction of the far-reaching concepts

embraced under the general heading of the "Principles of Scientif

Mmnagement®. Much of Taylor®"s management pl osophy centred around a

- 1-



systematic approach to problem-solving utilising many analytical “tools”

in the process. In terms of metal removal his efforts to improve the

efficiency at the cutting tool/workpiece interface were revolutionary and

involved the study of many areas of manufacturing act ty including such
aspects as material supply systems, work measurement, tool classification
and coding systems, and the introduction, with White in 1908, of High

Speed Steel cutting tool mater

Since the pioneering days of Taylor, metal removal practice and
theory has attracted continuous attention although progress in many direct

and indirectly related fields has not necessarily been in harmony.

ist T

Centres of excellence have developed in spe Ids encouraging a
narrow level of focus which can be to the detriment of understanding the
interactive nature of related systems.

Another major step forward in offering a new level of vision to
manufacturing management and related academic research came in the early
1960"s with the work of Merchant [1j 1961, who recognsied the potential
applications of systems theory within the manufacturing environment and
this, combined with the advent of micro-chip based technologies, opened up
new horizons in understanding the control mechanisms required to gain
greater productivity at the cutting edge. This interrelated web of

systems theory and general manufacturing technological advancement is

isation of manufacturing

providing greater momentum towards the opt

systems and the conceptual ideals of the fully automated factory, a
subject area with which Merchant®s name has now become synonymous.
While Merchant offered direction in terms of studying the

manufacturing system as a “whole” other subsequent work has developed a

more comprehensive understanding of the various sub-systems within the
manufacturing system and their interactive nature. Of particular interest

is the study of one specific

to the research work contained in this thes

sub-system and that is the cutting tool control system.



The need for optimisation of this particular sub-system can vary from
industry to industry. For example, where metal removal costs comprise
only a small percentage of the total product cost then management control

efforts may be directed elsewhere. However,

industries typified by

motor vehicle manufacture, where significant economic investment in capital

and/or manpower is made the metal removal act

manufacturing process, then the control over the economics of tooling
becomes critically important.

An awareness of the need for a more systematic approach to tool
control has developed over the last fifteen years in the areas of CAD/CAM,

although this tends to concentrate on batch production, ut

ing a

limited number of cutting tools in the derivatives of relatively new

numerically controlled machine tools. Transferring the philosophies of a
systems approach to tool control within a large-scale manufacturing

environment, where production processes can range from jobbing to flow

line on dedicated manufacturing facilities comprising of predominantly

conventional machine tools whose age span may vary from 0-50 years, with

an average of 20 years, has been neglected in terms of academic research.
Such an environment is typified by the Power and Transmission

manufacturing facility covered by the B

ngham Operations group of

factories to be found within the Light Medium Cars Group of BL L

ted
which have been the focal point of this research.

In common with many other companies there has been a w

ngness to

recognise the need for g ng control and effecting improvements to the
manufacturing cost base, albeit management effort has been concentrated

upon the control of direct costs (and understandably so, as this is the

area of greatest short-term, visible, efficiency gains). In general,

ity in the control of consumable items (i.e. non product-related)

has attracted less activity at a Corporate level. Contributory factors to

this lack of activity include:-



@ A stream of Company structure organisational changes which have

resulted in numerous changes in operational responsib ty for the

individual factories presently under the umbrella of “Birmingham

Operations® have discouraged any attempts to gain control over

too

g related areas, allowing individual plants the freedom to

pursue their own approaches to tool control. This situation has

achieved li

ited functlonal/departmental requirements which often

ignore the impact on other departments and result in the ut sation
of dated cutting technology, duplication of effort particularly in
the storage and maintenance of data, and poorly controlled inventory

level

. This general lack of of control encourages custom and
practice and results in general system abuse, both Internally <by

employees) and externally (by tool supp

ers).

() A basic lack of awareness by management of the true potential of

implementing a tool control system which Ily guestions, and

then imposes necessary discip es on all functions/ac

involved in tool deci

ion-making.

The finan problems encountered by BL Limited in the mid-1970"s
are now well documented enough to say that there was a dramatic
deterioration in the Company”s trading position with injection of large

amounts of Government aid to ensure continuity of the mainstream business

act ty. In the NEB"s submission to the Government in December, 1979 of
the Company”s performance and the 1980 Corporate Plan and Budget [2], the
reduction of inventory levels and improvements in manufacturing

productivity, both of which had significant implications with respect to

cutting tools, were seen as essential to BL Limited"s future survival and

viability.



Following the NEB"s submission, a comprehensive package of measures

was implemented in order to achieve these Corporate objectives, and

amongst them was the i iation of the research activity described in this
thesis. Of major concern at the time was that the consumable tooling and
related inventory for Birmingham Operations was estimated to be in excess

of £7 m

ion and only “turning over®™ by value, l.e. £ inventory/£ annual
expenditure, once every fifteen months.

Against this background the writer was given the opportunity to
review in greater depth the problems being encountered in the control of

ngham Operations, and encouraged to i

metal removal tools within Bir iate

investigations. The content of this thesis is the direct result of that
invitation and describes in detail the design, development and
implementation of a routing through a "linked" system which controls the
application and supply of new cutting tools. The system was designed on
the principle that tool control must begin with technological control at
the point of application, thereafter, supportive tool material supply

systems were developed. The system as described was implemented in one

factory and, at the i ive of senior management within the Light Medium

Cars Group of BL L ted, is to be expanded into three other factories.

From the onset the broad philosophies offered by Taylor (systematic

approach to problem-so ng) and Merchant (concepts of studying production

systems as a “whole”), have been adopted and the ability to analyse

problems ut ing varying levels of focus has proved invaluabl

combining this approach with the communications potential offered by
present-day low cost microprocessors, established the platform on which
the tool control system to be described, was built.

Initial research work moved away from the highly sensitive problem of
excessive tool inventories and concentrated on the tooling problems being
encountered on a small bank of machine tools within a single machine shop

working on the premise that the input requirements of the manufacturing



system dictated the service required from supporting systems. This level
of focus quickly lIdentified two fundamental problems with respect to

cutting tools» and these were:-

@ The absence of any Company-wide tooling technology “standards”
encouraging personnel such as setters, foremen, process engineers,
etc., to make personal decisions on the implementation of cutting

tool type and machine tool operating conditions.

) The complete absence of tool material supply systems utilising

flow control princ es to service the needs of critical high

component volume machine tool Existing systems were seen to be

extremely limited stock control systems which were either manually or

ly computer system based.

Later work was to reveal many other tooling related problems, but at
this early stage of research these two significant problems were apparent,
namely the control and update of cutting technology and the physical

supply of the tool material to the ind

dual machine tool. Wishing to
understand the Interactive nature of the problem in greater depth the
level of focus was changed to cover the, as then, three locations
encompassed by Birmingham Operations, i.e. Longbridge, Drews Lane and
Coventry Engine Plants, with a fourth factory, Triumph Radford Plant

Jjoining the Group during 1980. At this level it quickly became apparent

that the problems encountered, typi

ied by the absence of mach ng

standards, ineffective multiple tool classi

ication systems, inadequate

inventory control systems, etc., were common to all locations and

research effort was being diluted by the spread of geographical activity.

For this reason the research activity concentrated upon one location only,

namely Coventry Engine Plant, which by virtue of the mixed nature of its



manufacturing activity was considered to be a reasonable reflection of the
operational environment to be found elsewhere within Birmingham

Operations. In principle the objective was to establish a tool control

system routing at a single Plant, prove the benefits, and subsequently
expand the system locally and establish the capability of transferring the
control mechanisms to other manufacturing locations as an operational
Company “standard” system.

The main body of the following thesis describes the research work

programme at Coventry Engine Plant, from the

Tt

system design concept

through to the implementation of the fu

system routing and its resulting

economic benefits. The system principle is to opt

se tool control at

the factory level and to achieve this objective the span of control”

act ty ranges from ensuring the correct technological application at the

level of ind ual machine tools through to

d procurement

disciplines, ing in the external tool suppliers actually being

considered to be an integral part of the overall system. The tot system

is known as ATOMS, an acronym for Automated Tool Management System and was

Ily designed to establish control over high volume, fast moving
tools, typified by indexible inserts as in the case of this thesis, but
potentially Including such tooling families as twist drills, reamers,

taps, dies, grinding wheels. The system was designed on a modular

basis to faci ate progressive in-house expansion as well as geographic
expansion. In addition, vision has been given to the potential
integration of the system into broader based CAD/CAM systems.

ATOMS comprises two main sub-systems and these are:

@ IMPS (lterative Machine Parameter Selection), which is a semi-
generative system for establishing i chnological control and up-date

of the machining parameters at the level of the ind

dual process

operation.



[®) LINCS (Linked Inventory Control System), which Is a component-

volume related tool material supply system ut

sing the princ

of flow control.

The essential link between the two sections Is a significant character
classification and coding system known as ARCLASS (Austin Rover
Classification System).

The IMPS sub-system is considered to be at the heart of the overall
tool control system (ATOMS) and having established control at the point of

application with

the manufacturing system, establishing s

lar levels

of control within the tool mater

supply systems became considerably

easier. In principle IMPS generates the Individual operation process

standard which Includes the tool materi

I type/geometry required and

machining parameters at which It is to be operated, ARCLASS provides the

mechanisms for establishing the tool type families that are available for
consideration by the Process Planner and LINCS ensures the supply of the
chosen cutting tool to the manufacturing system and subsequently monitors
the variance from the established tool standard performance, hence the

terminology of inked systems”.
The first routing through ATOMS was established for Indexable inserts
with selected areas of the system, notably the Inventory control section,

being expanded to cover other tooling families during the period of

research.



CHAPTER ONE

1.0 COMPANY PROFILE

BL Limited at home and overseas is engaged in the automotive

Industry, prov ng an extensive range of vehicles, from private cars to

heavy commercial trucks and buses. It also supplies automotive,

industri and marine engines, carburettors, axles and transmission units

to other manufacturers. The Company plays a strategic role in the economy

of the UK with an annual turnover of £2,869 mi on (1981), 30Z of which
was exported to some 170 countries, and employs 94,000 people within the
UK with a further 23,000 employed overseas.

1.1 BL LIMITED - AN HISTORICAL PERSPECTIVE

Although elements of the Company can be traced back to 1890 in the
form of the Lancashire Steam Company (which became Leyland Motors in
1907) and the formation of the Standard Motor Company in 1903, the modern-
day structure has evolved from the merger between Leyland and British
Motor Holdings in 1968. The new Company, the British Leyland Motor

Corporation (BLMC) brought together many of the famous names from the

history of motor manufacture; from the Leyland wing. Rover, Alv

Standard Triumph, AEC, Scammell and Albion and from BWMH, Austin, Morris,

MG, Riley, Wolsley, Jaguar, Da er and Guy.

This rather unsteady alliance came together during a period of rapid

change and uncertainty, which included such factors as:-

@ Expansion decisions taken during the boom years of the 1950"s
and early 1960"s by the traditional motor vehicle manufacturers in

the UK and the USA which resulted in over-capacity and dec

profitab




(®) The restructuring of the European and Japanese motor vehicle
Industry had taken place which offered a potential threat to existing
markets.

© The early 1970"s saw a cut-back in the economic growth amongst

the Industrialised nations, sparked off by the accelerating cost of

relative to other goods. This heralded the beginning of an
economic recession In 1973 and the demand for vehicles world-wide

dropped dramatically.

This sets the business environment In which the newly formed BLMC had

to operate, and despite a profit before tax of £68 m ion in 1973/74, a

loss was reported for the first half of the 1974 financial year of £16

ion. During the ensuing months BLMC"s financial position continued to

m

deteriorate, overdraft its had been reached and major Investment
programmes cancelled. As a result of the pending crisis a Government
enquiry was initiated to Investigate the Company”s affairs and was led by

Sir Donald Ryder. The "Ryder Report® was published in April 1975 [3] and

the main recommendations covering a ten-year forward plan Included:-

(@ The need for substantial Government investment.
(b) Restructuring of the Company with a particular emphasis on the
centralisation of key functions.

(c) Rationalisation of the product range.

As a result of Ryder, the business Interests of BLMC were vested in a
new Holding Company, BL Limited, In which a majority shareholding was
transferred to the NEB in February, 1976 and then transferred back to the

Secretary of State for Industry In March, 1981.



The foundations established by Ryder and the subsequent arrival of

Sir Michael Edwardes in 1978 set the scene for significant changes to the
structure and direction of the Company. A summary of the main areas of

activity is as follows.

1.2 COMPANY STRUCTURE

Reference to Figure 1w show that the BL Company structure as at

April, 1981 was sub-d ded into four distinct business groups:
(@ Unipart

() Cars

(c) Land Rover

(d) Leyland (Trucks and Buses)

1.3 TRADING POSITION OF BL LIMITED
Reference to Figure 2 details the BL Limited Profit and Loss Account
1980-81 revealing a static sales figures for the consecutive years, but

- from £293.9 to £244.6

ith a marginal reduction

trading loss,

e

lions. Reference to Figure 3 shows a two-year trading summary, and
although not totally clear from the figures, the majority of the loss
burden as Identified in the Profit and Loss Account rests with the Cars
Operations.

As with many other companies significant external factors Impacted on

the Company”s trading position, and include:-

@ The strength of sterling combined with high
Inflation rates.
o The sharp fall in world-wide demand for cars and vehicles in

general .
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YEAR EiJOED
DECEMBER 31

1980 1981
sales 2,877.1 2,868.7
Trading Loss 293.9 2A4.6
Interest Payable
Less Interest Receivable 93.6 88.3
Loss before Taxation 387.5 332.9
Taxation Charges 3.2 6.3
Loss after Taxation 390.7 339.2
Minority share of
Profits of Subsidiaries 5.8 5.8
Loss before Extraordinary items 396.5 3ft5.0
Extraordinary items 139.0 152.0
Loss after Extraordinary items 535.5 f97.0

N.B. Figures in £ Millions

Source» B.L. Ltd. (f) 1981

B.L. LTD. - PROFIT ftNO LOSS ACCOUNT 1980-81

- 13 - Figure 2



CARS/

LAND
UNIPART ROVER LEYLANO
YEAR
Sales Profit Sales Profit Sales Profit
oM oM oM oM oM oM
1980 1,769  L283* 452 27 629 L30
1981 1,849  L168* 438 17 666 L74
OTHER INTRA
CROUP
ACTIVITIES s
Sales Profit
1980 247 220 2,877 L285%
1981 164

248 2,869 L233*

* ldentifies that the majority of the loss burden mas
attributable to the cars operations

Source: Extel Statistical Services (5) 1982

B.L. LTD. - ANALYSIS Of SALES AND PROFIT BEFORE TAX

figure 3



In addition, the high level of imported vehicles into the UK market,
as shown in Figure 4, has obviously had a significant impact on the
Company”s trading position.

Clearly the Cars Group operates in an extremely competitive business
environment and continual emphasis on greater productivity, cost
containment, and efficient manufacturing witnessed considerable

operational Improvements during 1980/81 and these Include

(@ A 30X reduction in manpower during 1980
() A 35X reduction in inventory levels

(c) The ratio of cars produced per employee per year, rose from 10 to 1A

1.4 LIGHT MEDIUM CARS CROUP

The subsidiaries of the LMC Group are:

(@) Austin Morris which provided the locations for the research activity
contained in this thesis.

(b) Rover Triumph

(c) Pressed Steel Fisher (PSF)

(d) Parts of BL Components

1.4.1 Product Range

In line with the recommendations of the Ryder Report the Company is
rationalising its range of vehicles with the objective of offering a
product range which by the mid-1980"s will revolve around the derivative

es of cars, two from the LMC Group and one from

of three basic fami

lows:-

Jaguar. These are as f



Total New

Domestic

D oF Total

Imported

% of Total

Estimated B.L. % of Neui Registrations - 17-20%

1980

ACTUAL

655,442

43.3

858,319

56.7

Source« C.I1.U.

1981

ESTIMATED

650,000

44.5

810,000

55.5

1982

FORECAST

675,000

45

825,000

55

Forecasts (6)

FORECAST OF NEW REGISTRATIONS

OF PASSENGER CARS

IN THE U.K.

%
CHANCE
82/83

Figure 4



@ Metro based at Longbrildge.

) LM10, which Is a new “light medium® car family with an engine

range of 1600 to 2000 c.c. to be assembled at Cowley. The potent

derivatives include:-

@ LM10, hatch back
) LM11, booted version of the LM10
(i) LM12, possibly a fastback produced under the Rover marque.
©) The third car family will be a re-styled Jaguar range, code

named XJ40, which will be far lighter in weight than the existing
range and consistent with world-wide trends towards energy

conservation.

Collaboration with other manufacturers is increasingly playing a more

prominent role in new product development and examples include:-

@ The Triumph Acclaim, a 1300 c.c. saloon car currently being
assembled at Cowley, is the result of a joint venture between BL

L

ted and Honda (Japan). The car involved a £70 million investment
by BL Limited and was launched in October, 1981.

) During 1982 a second major concept study was agreed in
collaboration with Honda to design, develop and manufacture a new
range of executive cars, code named project X-X. Production of the
new vehicle is due in 1985.

©) In March, 1981 the LMC Group signed a component purchasing

agreement with Vokswagen for the supply of VW gearboxes for certain

models in the LM10 range.

1.4.2 Birmingham Operations

The Light Medium Cars Group is divided into three broad areas of

operational responsibility and these are as follows:-



@ M

ands and North - compri

ng the Rover (Solihull) and Triumph
(Liverpool, Speke) factories.

o® Southern region - which embraces the Body Plant at Swindon and

e Assembly at Cowley.

©) Birmingham Operations - which covers the Power Train and Vehicle

Assembly at Longbridge and the additional Power Train facilities at
Drews Lane (Birmingham), Coventry Engine Plant, and Triumph Radford

(Coventry).

The

Tt

project work was centred at Coventry Engine Plant and,
subsequently, at the Company®s initiative the tool control system

developed is currently being implemented into the rema

ng three

factories compri

ing Bi

ingham Operations. Unfortunately, at the time of

writing the closure of the Coventry Engine Plant was announced, and as

th other locations such as Rover (Solihull) and Triumph (Liverpool) the

closures are due for completion by year end 1982.
1.4.3 Coventry Engine Plant

A brief profile of Coventry Engine Plant taken at the commencement of
the research work during 1979 was as follows

- Built during the 1930"s and formally opened in 1938.

- Plant capab

ty to produce a mix of 4,000 motor veh

es, industri

and marine engines per week.e

- Self-contained facility embracing a foundry, machine shops and

englne/gearbox assembly groups.



2,500 employees.

39.000 standard hours generated per week.

2,280 components are contained In the machining register, being

classified into current (live), spares and non-current spares.

4,130 machine tools ranging from jobbing machines to “In-line”
transfer machines. Reference to Appendix (A) details the age profile

of the machine tools.

16.000 varieties of cutting tools and related accessories, 1
toolholder, clamps, shims etc., are held in stock with an inventory

value in excess of £900K.

52 different component material specifications In a variety of
material forms and metallurgical process conditions are machined. 36
of these specifications are ferrous based and represent the main part

of the mach
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CHAPTER TWO

2.0 COMPANY APPROACH TO TOOL CONTROL
The requirement to gain control over the supply and application of

dual

cutting tools Is obviously not a new phenomenon within the Ind
Plants now comprising “Birmingham Operations® and the following Chapter
summarises historical and present-day management contributions within this

specific area of act

2.1 AN HISTORICAL PERSPECTIVE

Clearly the two names that are at the historical heart of Birmingham

Operations are Herbert Austin (Longbridge) and Wi am Morris (Coventry

Engine Plant). As the bulk of the project research activity was
concentrated at Coventry Engine Plant (formerly Morris Motors) it is
appropriate that this historical review begins with William Morris.

Early history of the Morris concern commenced with the building of
cycles and motor-cycles in a garage in Long Wall, Oxford, and with the
profits accumulated the foundations of Morris Motors were established. By
1921 the Company was producing 400 vehicles per week and although during

the war years normal activities ceased, in common with most engineering

establishments facilities being utilised for the production of war

mater , the immediate post war years saw a gradual return to normality

and increase in veh e production. By 1912 volumes had increased to 1000
cars per week and to 1200 per week by 1924, at which stage Morris Motors

e for more than one-third of the total volume of motor cars

was respons

produced annually in the United Kingdom.

From these early days W iam Morris pursued a policy of
decentralised manufacture and from 1923 Morris Motors® Power Train
activity has been centred at Coventry. The initial operational activity

h

began with the purchase of the Hotchkiss Engines factory which, wi
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further expansion, housed all the manufacturing facilities needed to meet

the accelerating demand for power train units. Despite this acqui
further expansion plans emerged, and in 1928 the 45 acre site of the
present-day Coventry Engine Plant was acquired. During the following
years a purpose-designed factory was built on the site at a cost of

12,000,000 offering three times the floor space of the Hotchkiss factory

and a production capab ty of up to 4000 units per week. From 1938

onwards the new Morris Engines Plant became the main supplier of the

engines and gearboxes for Morris Motors Limited.

An interesting insight into W iam Morris® philosophies regarding
the engineering requirement to meet the upsurge in demand and at the same

time control costs is seen in the following quotes 171:—

@ "A question naturally arises by which process has such meterorlc
progress been possible? To this there can be only one reply, and
that is by an appreciation of - and an aptitude on the part of the
management to apply - a very advanced policy of standardisation.™

o "The most conspicuous economics are in respect of the number of
machine tools and employees used in the construction of each unit and

the most important item is the reduction of employees."

To achieve the aspirations of (a) and (b), William Morris introduced a
Production Planning Standards Manual in 1925 entitled “Morris Production

Methods™ which deployed many of the analytical techniques embraced in

Taylor®s "Scientific Approach to Management™ [7], 1925.
Although the standards concentrated predominantly upon machine tool

design, reference is made to the use of standard stock tooling which were

mounted on quick change tool blocks. ilarly, simple guidelines are

given in terms of cutting speeds and feeds.




The manual clearly shows Che Importance given to machine Cool design

during Che period and Che innovation in installing some of Che earliest

mecal working ine” transfer machines in 1924 for Che machining of
flywheels and gearbox cases.

Conversation with personnel employed at Morris Motors during the late
1920"s and 1930°s, reveals that the foremen and chargehands had the
greatest influence on actually determining machining parameters and the

process planning departments concentrated more on machine tool/Jig and

tool design and "rate fixing". This theme of machining from experience

rather than by the adoption of mach ng standards has remained to this
day .

A positive approach was made by the Austin Motor Company during the
immediate pre and post World War Il years with the introduction of T"Austin
Tooling Standards®. These standards are the most comprehensive tooling
standards to be found in the present-day Company and were aimed at
Introducing a standard range of small metal removal tools into the Austin
Morris factories and were part of a series of general engineering
standards covering machine tool, Jig and tool design, component material
specifications, etc. However, in common with the earlier “Morris”
standards they neglected machinablllty data.

The formation of the BMC in November, 1951 with the union between
Nuffield (Morris) and Austin, brought together two Companies built on
strong engineering traditions and raised the now common problem of
bringing together various sets of engineering standards under one
umbrella. BMC rose to the challenge by developing a series of parts
standards which cross-referenced those of Morris and Austin, but these did
not include a revision of the Austin tooling standards.

Advancement in machine tool technology continued with the

introduction of the first standardised unit head transfer line for the

Austin A40 in the early 1950"s. This period also saw BMC bu ing their

own machine tool

- 22 -



As Che BMC standards evolved during Che lace 1950"s Chey appeared to

be directed more towards vehi

le assembly and less towards metal removal
technology. The absence of up-to-date tooling standards and associated
machinabillty data continued with process planning engineers being allowed

a great deal of autonomy in the setting of machining parameters.

ish Motor Ho

The merger between Leyland Motor Vehicles and Br
(which became known as the British Motor Corporation - BMC) in 1968

amplified the problems, terms of tooling standards and control, of the

AustIn/Morris merger in 1951 by the bringing together of a large number of
Companies with differing standards and coding systems.

The development and subsequent maintenance of Company-wide
engineering standards has continued, but in the manufacturing arena are
heavily biased towards industrial engineering and vehicle assembly.
Present-day tooling standards date back to 1978 and act only as a general
guideline to preferred suppliers.

This neglect of machinability and tooling standards over many years

within the Power Train Di ons has resulted in a fragmented approach to

tool control encouraging numerous individual departments to become
involved in Influencing tooling related decisions. The net result of this
erosion of process planning based control, namely wide-ranging tool

varieties being held in stock and in use

the machine shops combined
with inadequate coding and stock control systems, is discussed in the

following sub-sections.

2.2 Present Levels of Control
Senior management within the Company were aware for some time of the

lack of adequate tool control systems, but the business requirement to

gain a greater level of control over direct materials has assumed a
greater managerial priority. To understand their concern it is necessary

to take an overview of the tooling activity within Birmingham Operations
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and this can be shown by an analysis of the tooling related inventories at
a point in time and the annual expenditure for the same commodity groups
for factories involved.

This analysis is as follows:-

Annual Expenditure

Jan. 1982 1981

(£ million) (& mil
Longbridge 4.9 3.53
Drews Lane 0.75 0.85
Coventry Radford 0.10 0.09
Coventry Engines 0.68* 0.81»
6.43 5.28

NBs Figures achieved after the implementation of the system routing as

described in this thesis.

Observations within Chapter Nine will show that in the case of

Coventry Engine Plant the inventory movement by total value was m

mal

over a twelve-month period and based on this a s ar assumption has been

made, with justification, for the three remaining factories within
Birmingham Operations. Therefore, from this it is possible to gain a
simple, global, indicator of the present levels of control by establishing

an inventory/expenditure ratio for Birmingham Operations as follows:-

843 - 122

which shows that there is in excess of fourteen months (1.22 x 12) of
tooling inventory by value held in stock at any one point in time.
Realistically, this should not exceed three to four months if average internal

and external lead times for tool procurement are to be taken as a guide.
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From this simple analysis no Individual Plant has established an
acceptable level of control and an insight into existing practices may
help to understand why.

From a Birmingham Operations® viewpoint the f

lowing items are

common to all four Plants

@ Company machinability standards do not exist.

) only very ited Austin tooling standards are in use which
are based on the cutting tool materials and metal removal technology
of the 1950"s/60"s .

©) Reference to Figure 5 will show that each Plant has its own

unique classification/coding system for cutting tools. In princ
all of the systems used are based on simple commodity definition
followed by block numeric codes which are expanded chronologically
irrespective of tool dimensions, material grades and geometric

def

tion. This approach results in an identical cutting tool being

held in stock against a minimum of four different classiflcation/code

numbers within Birmingham Operations.
Further disturbing features with respect to classiflcatlon/codlng

systems Include:-

(i) The custodians of the coding systems for standard tools were
clerically graded P and MC staff with little awareness of the

requirements for technological control.

(ii) Confusion prevailed in the case of special tools, l.e. purpose-
designed, where jig and tool personnel allocated a unique number
which was then given a further number for the purposes of stock
control. A purpose-designed tool could, therefore, be

recognised by numerous codes within the Plant.

25






@ Individual Plants have been slow to move from labour intensive

inventory control systems, and recent activity in this area has been

fragmented with

ttle “central® guidance.

®© Cutting tools may be held in any one of 16 consumable mater

stores located throughout Birmingham Operations, thereby compounding
excessive inventory levels.
® Inter-Plant and inter-departmental communication with respect to

tooling is extremely poor. This is particularly evident the area

of technological planning where rigid demarcation lines exist between

Product Design,

isional Process Planning and local Plant Process
Planning Departments.

@ The net result of items (a) to (f) is that custom and practice
prevails and as Figure 6 depicts, numerous personnel from a whole

host of functions can either directly or indirectly influence tooling

related dec

A brief historical summary of the actions pursued by ind

Plants to gain control over tooling is as follows.

2.2.1 Longbridge Plant

Although Longbridge was the home of the Austin Too

ng Standards

these have eroded with time and today formal control mechanisms are

m

imal. A major effort to gain control was instigated by the Tooling
Engineers” Department in 1977 who raised a project proposal to implement a
Ford Motor Company style “tool block system” in selected areas of
Longbridge. This approach to tool control is aimed at reducing machine
down-time due to non-availability of tools ready and waiting at the point

of predetermined tool change. The scheme was parti

Ily implemented in
the East Works Factory but additional inventory requirements and the cost

of supportive facilities prevented any further expansion.
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Another attempt by management to gain local control Is typified by a

nt exercise conducted with a major tool supplier who carried out a survey

of the North Works Automatics Factory (127 machines, mainly six spindle
bar automatics and a catalogue of 350 live components), to study the
economics of implementing a range of standard tooling and necessary
supportive systems. The tool supplier involved submitted a project cost
of £57,000 which was rejected by the Company.

Up until 1981 Longbridge management had no mechanism for identifying
the exact inventory level for cutting tools and related accessories, apart
from a manual stock-take across twelve tool stores. Clearly action had to

be taken and a decision was made to use the services of an external time

ioned a mainframe based,

sharing agency. In princ

e the agency provi

turnkey, consumable mater stock control system and at the time of
writing the system was under implementation within Longbridge.

The profile of this package is as follows:

Number of stores covered 12
Number of items covered 120,000
(Includes all consumables)

Monthly transactions 45.000

Cost - external charge £80K per annum

2.2.2 Drews Lane Plant
Of all the Austin Morris Plants in recent years, Drews Lane has been
the most active in attempting to solve the problems of tool control.

Initiatives have included:—



@

®)

©

October 1976 to June 1977

Extensive efforts were concentrated on the problems of

contro ng the inventories of new and reground tools, but despite
the volume of work committed the project floundered on the

industri

I relations problems faced by storekeepers refusing to
accommodate additional duties.
January 1978

Again with respect to inventory control, BLSL (the computer
systems division of BL Limited) undertook a review of the existing
problems which endorsed many of the observations of the previous
exercise.
1979

A dec

on was taken by local management to implement a BLSL
sponsored non-productive material control system known as *041".

This system, which was stock control based, was by then over ten

years” d and despite numerous software modifications due to

implementation problems at other BL L ed sites, including Cowley,
Swindon, and Llannelll, has achieved little recognised success.

Agai

the system is mainframe based, and some three years®™ later, has

proven to be cumbersome and expensive to run. e managers were

quick to cri ise the system™s hard copy reporting features, an
argument that the local Systems Department accept.
Although the decision to implement the 041 system was taken as

long ago as February 1979 its implementation progress has been little

more than chaotic. The main reason for this was that a deci

on was

taken to completely re-code a of the consumable items before
committing them to the system. This decision led to numerous
problems in that while stores record cards were altered to

accommodate the new coding systems, the process planning operation

sheets were not. The problems caused by the coding exercise were
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magnified by the weak framework of the coding system itself and the
failure to technologically categorise tools prior to the exercise
which led to some tools being given several 041 code numbers. As a
result of this it has taken over two years to load the records of
8,000 different items to the system with a further 6,000 still
remaining.

A profile of the system is as follows:

Number of stores covered 2
Number of consumable items to 14,000
be loaded to the system

Existing monthly transactions 4,500
Cost (In-house charge from

BLSL to Operations Management) E40K per annum

2.2.3 Coventry Engine Plant
Coventry Engine Plant has generally lagged behind in attempts to

establish control over tooling (prior to this research work). The two

tiatives have been:-

@) In 1976 the Plant Industri

Engineering Department designed an
addition to the existing manual inventory control system, which in
theory, generated a bill of tooling material against a forward
manufacturing programme for selected components, but this was
rejected due to the increased labour content requirement.

(b) In 1977 a new classification and coding system was implemented
in parallel with Drews Lane, but the absence of any central

maintenance mechanism resulted in the system eroding very quickly.
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2.2.4 Triumph Radford Plant
The position at Triumph Radford was nearly identical to that of
Coventry Engine Plant with little action taken in terms of tool
control systems, and a heavy reliance on custom and practice.
Therefore, In summary the key factors underpinning the

inadequate tool control systems within Birmingham Operations are as

follows: -
@ The absence of central control and direction.
o General lack of management commitment and understanding of the

control mechanism required.

© Present financial control practices discourage any major

iative in the area of establishing control over consumable

materials Currently the practice prevails whereby Finan

Controllers set forward operational budget tasks based on an

historical analys Therefore, in the case of tooling inventory the

local management are given an annual inventory reduction task,

generally the order of 10 to 15Z of the total inventory by value,

a nominal target established against the previous year-s
known/assumed inventory value.

Achievement of this task discourages local management from

pursuing any iative to reduce the respective inventories by
considerably larger amounts, or indeed, questioning the requirement

for inventories at all.

All of these problems were not helped by the dynamic nature of the

Company”s business organisational structure, which on occasions has

resulted in a four Plants being under the respons ity of individual

Operations Directors.



CHAPTER THREE

3.0 LITERATURE SURVEY (GENERAL)

Publications under the general heading of "Tool Control® concentrate
predominantly upon stock control systems and offer little In terms of
vision of the problem area in Its broader sense. For this reason early
research effort was directed towards developing an overview of the tool
control problems being faced by Birmingham Operations Management, the
results of which were discussed in the previous Chapter. Having
established this level of understanding it became apparent that the
eventual resolution of the problems encountered would require a multi-

disc

inary approach uti

sing knowledge and expertise from several key

areas, which included:-

@ General systems theory.
o The application of general systems theory within a manufacturing

environment.

© The interactive nature of sub-systems.
@ Classification and coding systems.
®© The disciplines required to establish control in such areas as:-

(i) The correct application of metal removal technologies.

) The eff ent supply of tool material to the machine tools.
@® Machine tool design and operational capability.
@ The evaluation and potential application of computer-aided

engineering systems.

Before embarking upon the subject related literature survey it is,
however, appropriate to review the significant events in terms of
technological development with respect to metalworking industry in

general .



3.1 METALWORKING - AN HISTORICAL PERSPECTIVE

Manufacturing industry as we would recognise it today, only dates
back to the mld-Eighteenth Century and the onset of the Industrial
Revolution. The achievements of this period have been well documented by
Cardwell [8] 1971, Russell [9] 1972, Riggs [10] 1976, and Buffa [11] 1980,
and a summary of their work in terms of benchmarks of the progression of
manufacturing technology, with particular emphasis towards metal removal,
offers fundamental lessons for this and future years.

Advancements in manufacturing technology have resulted, in many cases,

from the demands from other disc ines and notable examples include:-

@) The pioneering work of Watt in the introduction of the steam
engine created demands from machine tools in terms of the
generation of surfaces, forms and maintenance of component tolerances
that existing metal cutting techniques were incapable of meeting.

From this the machine tool industry was born.

) The production of d steel by Bessemer and alloy steels by
Siemens towards the end of the Nineteenth Century exposed the serious
limitations of the predominant metal cutting material of the day,
hardened carbon steel. The demands for cutting volume steel
production were met by Taylor and White in 1908 with the introduction

of High Speed Steel resulting in a five-fold increase in cutting

speeds. This work also had the impact of directing attention towards

the cutting edge in terms of increased productivity.
©) The introduction of the model “T* Ford by Henry Ford in 1903 and

flow-line production in 1913 heralded the age of mass production

technology. In the motor vehicle industries in Europe and the United
States machine tools were designed specifically for mass production
and many supportive analytical systems were introduced by such people

as Gantt, Emerson, Parsons, the Gilbreths, Shewhart and Tippet,
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following In the peth of Taylor®s Principles of Scientific

Management.

) A combination of new industries such as aerospace with its

non-ferrous alloys and increasing competitiveness in existing
industries placed a greater emphasis on cutting tool performance and

notable developments in this field have included:-

- 1914 Stellite - Haynes

- 1926 Tungsten Carbides - Widier

- 1938 Large Grain Ceramics - Osenberg

- 1955 High Density Low Grade Ceramics and Synthetic

Diamonds - GEC/Russia

- 1965 Cubic Boron Nitride - GEC/Russia
* Iig;g.s Coated Tungsten Carbide Tools - Ulmet UK
1980 Syalons - Lucas Industries UK
) The Second World War accelerated technological development and

the immediate post-war years established the foundations for much of
the advanced technology of today including computer science, genetic
engineering, fibre optics/opto electronics, supersonic and space

travel. Many of these developments either individually or combined

the f

have had a major impact d of manufacturing.

Before any system design takes place it is necessary to understand
the problem in question and develop a perspective in terms of its
relationship with the overall business activity. To achieve this level
of understanding the most appropriate start point is the field of general

systems theory.

35



3.2 SYSTEMS THEORY

The word “system* Is commonly found throughout standard management

and scientific text with the result that In many cases Its meaning has
become confused and almost valueless. During the 1960°"s terms such as

productive, production and manufacturing systems grew in popularity and

s larly the range extended to include flex e, integrated and linked

manufacturing systems all serving to confuse rather than clai

Because of this potential for misapplication of terminology there is

a need to revert back to first principles, establish defi ions and

develop an historical perspective with respect to systems theory and its

application within manufacturing industry.

3.2.1 Systems - A Definition

Systems def tions abound ranging from the simple (Oxford
Dictionary) to extremely complex (Modern Control Theory); however, for
the purposes of uniformity throughout this thesis a system is defined as,

Uendler [12] 1966:-

....... an orderly arrangement of interdependent act ies and

related procedures which implements and fac tates the performance

of the major act

ity of an organisation™.

Wendler states further that a system may at times encompass such a wide

range of act ties that it becomes difficult to handle in its entirety.
In such cases, the system should be divided into sub-systems, and the sub-

systems brought together to form an integrated whole.

3.2.2 Systems Engineering
The systems engineering method recognises each system as a whole even
though composed of diverse, specialised structures and sub-functions.
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It further recognises that any system has a number of objectives and that

a balance must be achieved in optimising the overall system function

according to the weighted objectives and achieving compat lity of its
parts, Chestnut [13] 1966.
This concept provides a methodology which enables known and new

scientific methods to be represented In a schematic form so that they can

be employed in gaining knowledge of complex facts. It enables problems to

be broken down i ind

dual component parts in a logical manner to
investigate each element without losing the interrelationship to the
overall problem,Buffa [14] 1977.

Systems engineering is often referred to as the “exact doctrine of

the whole* and It utilises the analytical techniques from many

e.g. Control Engineering Theory, Operational Research,
Management Science, Cybernetics, Topology, Communications, Information and
General Systems theories to help understand system design and control and

to study behaviour and performance.

3.2.3 Systems Theory - An Historical Perspective

It would be misleading to imply that the concept of studying the

system as a whole is attributable to engineers. There is ttle doubt
that the mechanical engineers of the Industrial Revolution and more
notably the later electrical engineers such as Edison and Ferranti were

heavily involved in systems considerations, but the or

inal study of the
total system belongs to the Behavioural Sciences. Pyschologlsts have
consciously used systems concepts since the early 1930"s and Angyal (1941
and 1965) provided a forceful statement that the key concepts used to

describe the organisation of living systems required a new lol Both of

his major works are focused upon the individual biosphere (man In his
environment) and expose the general dynamics involved in system change,

Emery [15] 1970.
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In 1947 Bertalanffy proposed the concept of general systems theory as

a mechanism for the unification of the science. This theory asserts that
there are properties of systems that do not derive directly from the
Individual components themselves, but from the unique combination of
components that make up the whole. Furthermore, these properties make the
value of the whole (the system) worth more than the simple sum of Its
parts, Buffa [14] 1977.

The Introduction of this conceptual thinking by Bertalanffy broadened
the vision of many scientists and engineers who had been working within
the traditional mechanistic framework which had dominated Nineteenth and
early Twentieth Century thought.

The development of general systems theory coincided with what is now
known as the classical period of control theory. The emphasis was
directed towards frequency response methods with single loop systems which
found mainly industrial application. Random disturbances and the effects
of parameter changes were taken Into account implicitly, but not usually
quantified. Optimisation was usually confined to a choice of parameters
In a fixed structure and not widely used.

These methods had some Important advantages for Industrial
application In that they gave a great deal of insight to a problem, showed
when a single solution existed, and allowed practical constraints to be
taken Into account although the mathematical foundations were Infirm,
Rosenbrock [16] 1975.

The analytical tools grouped together under the umbrella of~Systems
Engineering” enable the construction of system simulation models and the
ability to measure performance before Implementation. The major
limitation of this approach Is that the practical situation Is much less

"tidy" than the theoretical one, resulting In the following sltuatlons:-

@ It Is not always possible to specify exact requirements.



o Very often the solution is a compromise of what can be achieved

compared to what would be desired.

©) Manufacturing problems often admit to more than one satisfactory
solution.
@) As in many other disciplines, engineering contains an element of

experience and intuitive judgment which cannot be reduced to a

mathematical form.

3.2.4 System Control

One of the prime purposes in developing systems knowledge is to help

achieve satisfactory control. Control as a steering mechanism rather than
the political/economic implications of a suppressive mechanism is essential
if organisations are to remain viable and achieve some, if not all, of its
objectives.

Control Engineering theory is playing a rapidly increasing role in
studying whole and sub-systems. In particular the concepts of feedback
and adaptive control offer significant benefits and the information
generated is the basis for management control. The order of element of a

system can range from:-

@) First order systems which are capable of mainta ng levels of
state during changing exogenous stimuli.

o Second order systems which rely upon a feedback mechanism which

ipate and seek goals.

©) Third order systems which have the capability of reflective

on-making.

Practical applications of control theory concepts within

manufacturing industry abound within the field of CAD/CAM.
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3.3 SYSTEMS - LEVELS OF FOCUS

area of confusion Is the term “whole® or “total”

A further potenti

system. We all ve and function within recognised systems, for instance

they may be family, community, soc political, etc., and

understanding system hierarchy is helped by adjusting levels of focus;

for example, the universe can be taken as a total system comprising two

major sub-systems, natural and man-made. Although this simplified

ustration of a total system neglects the essential aspect of sub-system
interaction it does help to illustrate the concept of hierarchy and

estab

hes a perspective to one of the lesser systems which is of

particular terest, and that is the business system.
3.3.1 The Business System
A business system can be defined as a motivated force (owner)

obtaining prime resources (raw materials) and subjecting them to regulated

act

ty) performed by producer resources

ity (the business acti
(premises, staff, machines, etc.), to provide goods or services for
consumers (society”s needs and satisfactions) and thus provide profit,
(the owner”s needs and satisfactions), Kilgannon [17] 1979.

The business exists in an extremely complex environment consisting

of numerous other systems. The prime consideration of the business

environment is time and space. Time reflects political/economic stab
availability of skilled labour and resources, etc., while space i

concerned wi

h the physical location of the business; town, county,

country, and continent. Its location witl any one of the major power

ocks will fluence the nature of trade, customers, suppliers, etc.

The main functional sub-systems witl the business system are those

of marketing, finan and production systems, all of which are
supported by a communications system. By way of an example the marketing
system comprises the following sub-systernss-
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. Market research, analysis and assessment
N Advertising and sales promotion

- Publi

ty

- Customer contact and advice
a Customer order and acceptance
- Sales Inventory and storage

. Distribution

N Customer bi ng and payment handling

- Customer relations, queries and comp

The complexities of the business resource/financial management system

go we beyond the boundaries of this thesis, but its importance cannot be
overvalued. Resource management is concerned with the survival of the

business,

th its day-to-day efficient running and with its future growth
and development. It is concerned with locating and obtaining resources
and with their maintenance, security and replacement. A broad

classification of resources would be as follows:-

(@ Real Resources

Location: Land, premises, floor space, etc.

Materials: Animal, vegetable and mineral matter.
Energy: Wind, gravity, magnetism, etc.

Machines: Tools and equipment, aids to, or substitutes

for manpower .
Information: Cumulative or stored useful knowledge.

Goods and Services: The processed prime resources.

(b) Token Resources
Token resources are considered as money and credit requesting the
value of the real resources. As such token resources have no value in
themselves, but are used as a medium of exchange, a measure of value

and store of value.
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Of prime interest is the production system as a sub-system within the

total business act ty.
3.3.2 The Production System

Again the question of focus is important; Buffa [11] 1980, defines a
productive system by which we transform resource Inputs to create useful
goods and services, in other words it is a process of transformation or

conversion. This very general definition highlights an Important feature

which is that scussion of production systems is usually weighted towards
machine shop activity where, as with systems engineering, the concepts are
applicable to many other areas where the emphasis may be social, economic
or political where resource inputs would vary considerably.

McPherson [18] 1971 and Spur [19] 1971, help to narrow our vision to

manufacturing Industries by the following definitions:

(@ McPherson
(i) Production system - the general process whereby the utility (or
value added) of raw material, objects, services is increased
overall.

(11) Manufacturing system - the process within a production system

whereby raw materials or piece parts are converted into

completed products and for assemblies and adding value to the

raw materi

®)
Spur pursues an even narrower level of focus by limiting his
definitions to the level of the machine tool.
(i) Production system - comprises a plant of machines, devices,

etc., for the production of certain goods.
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(i) Manufacturing system - consists of a machine tool for

transforming a blank workpiece 0 the shape required by means

of a manufacturing process.

3.4 MANUFACTURING SYSTEMS

The linking of manufacturing faci

ies is not a new phenomenon and
early systems included manually operated conventional machine tools fed by

automatic means from a common source, combined with a limited number of

machining centres coupled by a palletised loading and unloading. Such a
system was Implemented by the Hughes Aircraft Corporation in the
mid-1950"s where three Kearney and Trecker machining centres were linked

to a common feed conveyor, Co

ns [20] 1980. However, the real break-

through

the theory and practice of manufacturing systems came in the

late 1950"s with the

troduction of micro chip technology and the
subsequent design of reliable, comparatively low cost control systems.
In 1961 Merchant [1] recognised the impact that a combination of

general systems theories and the recently developed micro chip technology

would have within Production Engineering and identified the need for a

"guide pattern® for future research by recognising two key points:-

@ Employment of the scientific engineering rather than empirical
approach as the effective way to produce major advancement in
production process and methods.

o® Direction of this scientific engineering effort at the problem
of freeing men from routine tasks of production, thus allowing them to

set their hands and minds to act

ties which use and develop their

creative activities.

Merchant”s concept of manufacturing systems integrated the new

manufacturing technology In a single system of production and in
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subsequent years his name became synonymous with the development and
implementation of manufacturing systems theory.
An early development within the United Kingdom of this new approach

to manufacturing was the Implementation of the Molins System 24, Williamson

[21] 1967. The Molins Machine Company Limited produced tobacco processing
and packaging machinery and developed a high output machinery arrangement
based on the use of NC machines, light alloys, automatic work loading and

tool changing over a 24 hour period.

Further advances in the f d of manufacturing systems research
followed with the work of Peklenik [22] 1971 and Spur [19] 1971. Although

the level of focus is i

ited to machine tools, both applied the principle

of feed-back theory to the manufacturing system. Peklenik pursued the

logic of having two major units within a manufacturing closed loop system,
namely the integration of the manufacturing process (m-process) in the
forward loop with the machine tool in the return loop for surface

generation. It was recognised that it was impossible to analyse and

opt se the manufacture of components without considering the interactive
nature of both units.

As Figure 7 shows Spur [19] 1971, identified the Inputs and outputs
of the manufacturing system and this Includes tooling as a sub-system.
However, there are Inherent dangers in the “black box™ approach of control
systems theory as it can discourage appreciation of sub-system
interaction. Riggs [10] 1976 dispelled the concept of a common approach
to manufacturing systems theory by stating that each company in its own
way was a unique manufacturing system with its own sets of problems.

Singhal [23] 1978 summarises previous work on the importance of synthesi

in production decisions and Illustrates how in cases where there is a low

degree of sub-system Interdependence then Isolated study may be possible

but, in general, sub-system

terdependence is the norm. Hammond and Oh

[24] 1973, and Alford [25] 1973, stress the importance of gai
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ty in manufacturing systems as a prerequ te to developing the
ability to respond to external disturbances; a quality essential to the
assurance of future business survival.

In order to respond effectively to a changing external environment

there is a need to up-date the elements within the manufacturing system;

notable recent developments of such are as given below.

3.4.1 Advancement of Technological Aspects within the Manufacturing System
The evolution of manufacturing systems practice and theory embraces

technological advancement in many separate, yet interrelated disciplines,

and areas of specific interest relating to the research work undertaken

include:-

(@ Machine tool design and operational capability
(b) Metal removal technology.

(c) Computer aided engineering systems.

Each subject area is discussed in the following sub-sections.

3.4.1.1 Machine Tool Design

Koenlgsberger [26] 1974 and Merchant [27] 1977, indicate that

advances w

I include greater power enabling higher speeds, but with

reduced noise levels, improved ri

ty and bearing/slideway design,

u ing composite materials such as concrete, plastics and carbon

fibres. The greatest impact, however, w undoubtedly be in the field of

control systems based on computer technology with particular emphasis on

fault diagnos This will be complemented by greater machine tool

accuracy resulting from the incorporation of laser technology.



Both abrasive and a combination of conventional cutting processes

with fully self optim ng adaptive control systems will be in widespread

use during the 1980"s continuing to displace many of the conventional

mach ng processes. Such machines will have a stand alone application,

but w be part of a versatile manufacturing system, featuring automatic

parts handling between stations, controlled by a central processor.

3.4.1.2 Metal Removal Technology
Despite the increased efforts to improve metal forming techniques

spurred on by the “economics of waste”, the application of metal removal

technology wi still have a significant role to play in the manufacturing
industries of the future. Once again, the subject area covers a wide span
of activity, Konig [28] 1980 reviews the advances in conventional metal

removal techniques such as single point and abrasive machining, Including

the increasing role of abrasive mach ng techniques.

Bellows [29] 1976 reviews the technological advancement th respect
to "non traditional™ material removal processes which can be grouped
together under the general headings of:-

o Predominantly non-mechanical

e Layless

o Involving new energy modes

Examples of such processes Include

(@ Abrasive flow mach

(b) Ultrasonic mach
(c) Electrochemical grinding

(d) Electrochemical turning

(e) Electrical scharge machining
(f) Electron beam machining
(g) Photochemical machining

(h) Thermochemical mach




Bellows discusses Che advantages and disadvantages of twenty-six

non-trad onal machining processes, and presents an argument for a more
wide-spread application of such technology throughout manufacturing
industry in general.

Of specific interest to the research activity covered by this thesis
are the technological advancements related to single point machining. The
general thrust of such advancement is in the direction of developing tool
materials capable of retaining hot hardness and chemical inertness when

cutting at ever-higher cutting speeds and feed rates whilst achieving

longer, more predictable tool life. The increased cutting speed

capab

ities of tool materials over a period of time is shown clearly

Figure 8, Koenlgsberger [26] 1974, and the rela

ive speed operating

regions for various tool materials

s as depicted in Figure 9. A summary

of the progress made in developing single p t cutting tool materials

given below:-

@ Although widely superseded, High Speed Steel tooling still finds

use in specific app ations, mainly those requiring maximum tool

toughness. Recent endeavours to improve tool life characteristics

have Included

- *Bulk transformation® methods which are mainly cryogenic in
nature and seek to transform residual Austenite to the harder
Martensite.

- The introduction of powder technology to enable the manufacture

of sintered high speed steel tools offering the potent

of a
far more homogeneous material structure when compared to the
conventional wrought material.

N Methods of coating the steel material with more wear resistant

Bumter

s by Chemical Vapour Deposition (CVD) and through ion

implantation.
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Tungsten carbide tooling has been improved in terms of its
toughness by ensuring greater degrees of purity of the raw materials

and exerting better control over the si

tering process to promote
reduced variation in grain size and Improved evenness of distribution
of the mixed Carbide phase, Konig [28] 1980. This improved degree of

control has meant that benefits

terms of tool toughness have been
achieved without commensurate loss of tool hardness. A warning note
to be struck here, however, is the increasing scarcity and

vulneral

ty of raw Tungsten material which had led already to the

re-cyc g of used carbide tools for subsequent re-use. Potent

detrimental effects of such action in terms of material purity must

be closely monitored.

"Coated Carbide” tool materi

Is continue to be developed at an

enormous rate to add to the profusion already existing the market

place, Brookes [30] 1979. Such tools combine the relative toughness
of conventional carbides with the superior wear resistance properties
at elevated temperatures of engineering ceramics (particularly
Aluminium Oxide) or Carbonitrides and Oxycarbldes. The CVD process

enables the production of such combination tools which comprise a

number of discrete layers to ensure compatib ty of coefficients of
thermal expansion between successive coatings to prevent layer

separation due to thermal reversed loading. Such tools out-perform

straight carbide tools in suitably r

id set-ups by virtue of their

superior resistance to diffusive wear mechanisms.

Ceramic mater s are now being used on an increasingly wide
basis due to the Increased toughness being achieved by improved
process control in the production of “conventional® engineering

ceramics leading to finer grained structures which are more securel

bonded due to the use of Hot Isostatic Pressing (HIP) techniques.



e)

New materials are also being developed for metal removal purposes the

most notable of which are the Si-Al-0-N materia

- This mater
family could only previously be produced by hot pressing techniques

with additives to enable liquid phase sintering, a process which left
as a residue secondary crystalline or vitreous phases which impaired

material strength. Fully dense Si-Al-0-N"s can now, however, be

achieved by pressureless sintering with Ytteria and offer significant

potenti for improvements in cutting tool performance particularly
in the areas of machining grey cast iron and upon exotic aerospace

materi

. a subject discussed further by Bhattacharyya [31] 1981.

"Polycrystalline” tool materials fall into two categories,

polycrystalline diamond and polycrystalline cubic boron nitride.

Tools produced from such mater

Is typically comprise a 0.5 mm ck
layer of synthetically produced diamond or CBN of particle size 10 -
100 micrometres in diameter, bonded under high temperature and
pressure (1300 - 2000°C and 50 - 125 KBar) to a tungsten carbide
substrate for toughness. Although such tool materials require care

in use to avoid edge chipping which leads to rapid crack propagation

and tool failure, their potential for operating at elevated operating

parameters is considerable. Polycrysta ne diamond which has a

hardness s ar to that of single crystal natural diamond at 8000 -
12000 kg/mm3 is best suited due to its hardness and chemical

inertness to machining abrasive non-ferrous and non-meta

c
materials such as high Silicon Aluminium alloys, Brasses, Bronzes,
Fibreglass materials and epoxy resins; cutting of Aluminium alloys is
economically performed at cutting speeds of 1600 m/mIn and feed rates
of 0.2 mm/rev. The tendency for diamond material to become soluble
in Austenite at temperatures in excess of 700°C however, precludes

its use in the machining of ferrous materials which generate

terfacial tool temperatures in excess of 10008C. Cubic Boron
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Nitride, however, can be utilised and although its hardness is less

(typically 3000 - 35000 kg/mm2) it wi economically cut ferrous

materials of 60 HR at 100 - 200 m/mln at a feed rate of 0.2 mm/rev.

The continually improving capabilities of tool materials, however,
raises important questions as to whether their true potential can be

exploited including:-

@ Workpiece configuration and its ability to withstand increased
metal removal rates without deformation.

(O] The age and condition.of machines available.

©) Machine tool “peripheral” design (i.e. the ability of jigs and
fixtures, etc., to withstand high torques).

@ Commitment to capital investment where process capabilities are

specified through custom and practice combined with an extremely

cautious approach to the Implementation of new technology.

3.4.1.3 Computer Aided Engineering

Early systems emphasis within manufacturing industry was directed
towards the achievement of management control over such areas as
inventory, goods despatched/received, payroll, etc., but in the subsequent
years the impact of computer based systems is to be seen in all aspects of
the business system activity. This widespread application has been

accelerated by a combination of ongoing reduction in hardware costs and a

s ar trend in improvements in system processing capability. Such

technological advancements supported by the increasing availability in

applications orientated software offers the potent for continuing

improvements in management control capability.



Of particular interest is the impact of computer based systems wi
manufacturing industries, and reference to Figure 10 indicates that

developments have taken place in three broad areas, namelyt-

(@ Design and drafting - (CAD)
(b) Process planning and scheduling - (CAN)

(c) Fabrication - (CAM)

Evolution in these three related areas has seen the emergence of
linked CAD/CAM systems with further rapid advancement towards the horizons
of the automated factory. Technological development with respect to
computer aided engineering systems have been well publicised describing
advancements in countries such as the USA, Japan, East and West Germany,
Czechoslovakia, Sweden, Norway and in addition, numerous examples
describing CAD and CAM installations can be quoted within the United

Kingdom, although the recent tendency has been to give more wide-spread

e manufacturing systems

publicity to the recent installation of fle
(FMS) which link several computer aided systems together. Examples of

this trend include

(a) Baker Perkins [33] 1980
(b) Dowty Fuel Systems [34] 1981
(c) Normalair Garrett [35] 1981
(d) Babcock Power [36] 1982
®© ish Aerospace [37]1 1982

Within the CAD/CAM environment computer based systems applications
can range from corporate mainframe systems through to individual

production process control .
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Figure 10
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3.5 TOOL CONTROL SYSTEMS

Despite the wealth of information available on metal removal
technology and its related aspects, the subject of a systems approach to
the control of cutting tools has, in terms of published literature, been

neglected. As a result of his work into the analysis of families of

turned parts, Phil *s Ph.D. thesis [38] 1972, recognised this neglect
and recommended that future research into the requirements and designs of

“complete” tooling systems would be invaluable. However, while th

recognition is Important his use of the word “complete” is rather

misleading and is directed more towards the achievement of technological

control over the metal removal act ties within a cell of machine tools,
and apart from general observations on the ideals of composite tooling and

the benefits of eff

ient Information retrieval systems, offers little
guidance in terms of the possible development of a “complete” system
embracing total managerial and technological control.

Although not specially directed towards the problems of tool control,
observations by Bhattacharyya and Coates [39] 1974, when commenting on the
work of Peklenlk [22] 1971, help to establish a framework for the study of
the overall

the subject area by identifying three major sub-systems witl

production system (reference to Figure 11) and these are:-

(@ The manufacturing system
(b) The manufacturing technology system

(c) The manufacturing management system

Publications that are available consider the tool control

implications within the individual sub-systems, but rarely consider the

implications of system interaction. The exception to tl is in the area
of CAD/CAM where consideration is given to the links between the

manufacturing and technology systems. However, while the concepts of
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linking systems Is certainly of interest, research efforts in CAD/CAM

systems are usually aimed at the control of a

ted number of computer

contro

ed machine tools, often in a green f

Id site situation, and do

not reflect the problems encountered

implementing s ar concepts into

an established mass production environment ut

ing, in the main, a wide
range, by type and age, of conventional machine tools and labour intensive
design/planning/manufacturing control systems.

Contributions in the field of tool control witl

the three

sub-systems as discussed by Bhattacharyya and Coates are as follows

(@ Manufacturing System
Areas of physical control covered at the tool/component interface
include

@ Sensing probes for setting and measuring

Automatic tool wear compensation

Simplified tool changing leading towards automatic tool

e

changing, l.e. block change too

ng
() Manufacturing Technology System

There are tooling imp

cations throughout the technology
planning system and key areas Include

[€H) Tool design

)] Tool development and evaluation

)] Various levels of process planning, including:-
- Total process routing

- Ind

ual operation specification
- Tool paths
(©) Manufacturing Management System
Such systems are required to ensure financial control of the

production systems and in terms of tool control cover such areas as:-



(1) Inventory control procedures covering the procurement and supply
of tooling and related Items to the machine tool and monitor

tool material usage variance.

(11) Industrial Engineering procedures which establish tooling

related man-assignment standards and subsequent variance from

the standard, . tool setting, refurbishment, etc.

The degree to which any of the preceding areas are investigated
depends upon the level of focus adopted in the research work; for the
purpose of this research work this is set at achieving the control

of tooling at factory level and not at the level of the individual machine

tool. As later discussion w reveal, the achievement of this criterion
required the setting of a system boundary that went beyond the factory,
and included the external tool suppliers as an integral part of the

overall ATOMS concept. Therefore, whilst an appreciation of the topics

covered in (a) is useful, the main area of attention w be to review

literature which fal

nto the categories of manufacturing technology/

management systems, () and (©)-
3.6 TOOLING TECHNOLOGY SYSTEMS

Spur [19] 1971, pinpoints the heart of the problem by showing the
tool control system as a sub-system of the manufacturing system and

identifies the important technological aspects as being:-

(@) Properties of the tool material
(b) Tool geometry

(c) Toolholders and their placement

In addition, Spur recognised that as a general point manufacturing
sub-systems had yet to be evaluated and considered this to be an important
task for future research.
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If Chis direction offered by Spur is to be pursued then tool control

must begin by ensuring the application of the correct technological

specification at the cutting edge, l.e. the achievement of technological

control. The operating efficiency of the machine tool exerts a

predominant influence upon manufacturing costs and the ability to move
towards optimising the manufacturing system begins with the efficiency of
the process planning system. The advent of computer aided engineering

systems has, and will continue to offer,

gnificant contributions in
terms of process planning systems and the two key areas of advancement

are:-

(@ The structuring of technology data bases.

(b) Automated process planning systems.

It is recognised that CAD systems will play an influencial role with

respect to special purpose tool design, but for the purposes of thi

literature survey, the emphasis w be towards items (a) and (b) as
stated above, and discussion on each area is contained in the following

sub-sections.

3.6.1 Technological Databases

In a further paper Bhattacharyya and Coates [A0] 1976 take an
overview with respect to such databases and identify the need for
companies to structure them to incorporate all the manufacturing
technology related information requirements of the production sub-systems
described in the preceding section. Essential characteristics of such a

database would include information relating to:-

(@ Machlnab

ity

(b) Component material specifications
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(©) Tooling
(d) Machine cools

(e) Coolant, ecc.

Am [41] 1975 pursues a similar cheme for Che scorage of group

cechnology relaced daca and. MerchanC [27] 1975, visualises chac while such

daCabases may evolve from machinabillCy type daca banks chey will cover a

wider span of accivlcy and are a prerequ te for providing Che

manufacturing information base for CAD/CAM implementation. It is apparent

Chac as companies strive to compete technologically in Che market place

Chen Che structuring and maintenance of such databases w become a pre-
requisite for business survival.
It would be misleading to imply that the collection storage and

retrieval of technical information is a new phenomenon. Every engineering

company wi have some form of technical data recording system to support
its manufacturing operations. At present most of these are not
computerised and in many cases base data, albeit lacking in consistency and
quality, can be found in non-technology planning departments, e.g.:-

- Finance - assets register

- Purchasing - tool costs

- Industrial Engineering - tool change frequencies

The evolution of computerisation and communications technology has
made the ideals of such databases possible and enables many of the
difficulties traditionally associated with maintaining integrity of data
to be overcome. The information becomes more accessible and as the system
develops the database will be able to serve company-specific needs and

furnish more detailed information than would be found by searching

internatlonal/natlonal data bank files, or by that offered by commerci

technical data software packages.



If Che analysis given by Spur [19] 1971 is to be taken as a starting

point,

. that tool control begins with the correct technological
specification at the cutting edge/component interface then certain areas
of the proposed technology databases assume priority status, particularly
those relating to machinability data. Because of its importance in a
potential tool control system the subject area is discussed in greater

detail in the following sub-section.

3.6.2 Machinability Databases

Although the term "machinab ty" is commonly used throughout
published literature it is difficult to establish a precise definition of
its meaning. The Machining Data Handbook [42] 1972 defines the

machinability characteristic of a component material in terms of:-

(@ Surface integrity
() Tool life

(c) Power or force required

Where tool life is generally defined as the cutting time (in minutes)
required to produce a given wear land upon a given tool material when

cutting a given component material at defined machi

ing parameters.

It should be recognised that while the above def tion has been

given as a general guideline it does omit comment upon chip form which

I always be a key area for discussion with respect to machinab ty.

However, using this defi ion as a starting point it is now possi
to review the subject area of machinability databases. Once again this
can be considered from differing levels of perspective, ranging from the

much publicised national data bases to purpose-designed "in-house® machining

information which can be unique to individual companies.



At the national level the majority of the machinability data centres
were formed during the late 1960°s and early 1970"s, many at the

instigation of respective governments. Typically they offer a

wide-ranging machinab ty based service to their subscribers and include

such acti ies as:-

(@ Recommendations of cutting conditions
(b) Laboratory data

(c) Workshop data

(d) Literature service

(e) Specialised mach ng consultancy

Some of the more notable data centres include:-

(@ UK - PERA Machining Data Club, Moore [43] 1974

As the result of a M

stry of Technology feasib ty study in
1969 momentum was given to the formation of the PERA machinability
data centre in 1972. The “club”, as PERA prefer to call it, offers

two main services to its subscribers

(i) Regular supplies of machining data bulletins which build up

volumes of the mach

ng data manual.

(ii) Limited free access to PERA"s machining data service whereby
companies can request specific machining information not covered
in the machining data manual.

() Japan - National Mach

ng Data Centre (NMDC), Sata et al [44] 1974
Early research by the Japan Society for the promotion of the
Machine Tool Industry recognised the role that a centralised computer
based machinability data bank would play in CAD and CAM. This led to

the formation of the NMDC in 1974 with its heavy bias towards a

NC/CNC-related technical information service.
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USA - Machi

ing Data Centre (MDC), Kahles and Field [45] 1974

This government financed body became operational in 1965, and
unlike the Japanese centre, offers a broad-based machinability data
service to many engineering related industries, e.g.

Automotive and farm equipment

Aerospace

Instrument and precision engineering

Machine tools

Shipbuil

ing
Screw machine production
Foundry

Steel mills

MDC are also responsible for producing and publishing the well

known Machining Data Handbook.

The original thinking behind such centres was sound in that they

accumulated vast stores of information readily available to subscribers.

However, in practice, various factors Including economic and psychological

mitigate the benefit of such data to industry.

@

Specific problems encountered by MDC and PERA include:-

Cost recovery has been an on-going problem in that while members
are usually willing to pay for data to be generated to provide

solutions for individual machi

ing problems, there is a resistance to

charges for searching or retrieving data that already exists. Thi

resistance is probably due to an unw

ingness to recognise mach

data as a commodity combined with a lack of awareness of the costs

Involved in data collection, storage and retrieval.

A fundamental problem here is the inability to quantify the
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value to an individual company of a national information service.
Internal finance procedures may well approve the purchasing of a

machining data handbook, but not the i

tial registration fees and
on-going access costs to an external data bank; thus technological
updating, an aspect of ever increasing importance to company survival
is foregone.

) The lack of accurate data which stems from excessively large

grouping of workpiece and tooling materials when Industry really

needs smaller groupings with accurate data on speci

ic tool mater

workpiece mater combinations.
©) Individual companies may not be truly representative of their
Industry class and generated machlnability data may bear little

relevance.

@ Many companies are not concerned with the optimisation of

ind

dual machine tools, but rather with the opt sation of costs

of production for an entire Job or production.

Clearly, any refinements required to Improve the li

itations Imposed

by (b), (¢) and (d) would further compound the cost recovery problem of

Moving away from the national level of data banks it is becoming
increasingly common for cutting tool suppliers to offer a restricted
machinablllty data service relating to their own products. A prime

example of th

is the time sharing facility offered by Carboloy (GE -

USA) to subscribers relating to tungsten carbide and ceramics. Sim

ar
data is now available in hard copy form from the majority of the larger
tool suppliers in the UK market.

Weill and others [46] offer a pos

ve direction in rectifying many

of the weaknesses as identified in this sub-section by stating:-



"The development of the automatic manufacturing system has stressed the
need for a rapid access to “proven” data in the technological field. This
need should be satisfied by simple and cheap data bank systems.™

Ueill stresses the difficulty in collecting reliable data from
Industrial sources and proposes ways to overcome certain of the
difficulties encountered. The methodology pursued shows how available
data can be used to determine optimum machining conditions and compares the

results obtained with the results of current data handbooks, notably the

second edition of the Mach ng Data Handbook [42] 1972. The results of
such comparisons indicated a high degree of overlapping with METCUT data
with respect to feed rate, speed and depth of cut, but compared to the

manuals the data bank offered a more precise evaluation of the machi

ing

conditions, particularly with respect to time and cost Involved. An

additional benefit identified was that the data bank had a high potential

for updating and opti ng improvements, the Information for which was

not always available in handbooks.

3.6.3 Computerised Process Planning Systems

An expansion of the machinability data banks has been to link them to
computerised process planning systems. The growth in this area is
directly linked with the development of CAD/CAM systems and begins to set
a base to ensure consistency in a function which has traditionally been
vulnerable to the non-standardisation of process application caused by the

labour

tensity and preponderance of personal preference in the process
planning function. The achievement of improved levels of consistency is

essential for two main reasons and these are:-

@ Process planning is the first stage in the manufacturing process
and is a major determining factor with respect to manufacturing

costs.
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o As later chapters w show a broader approach to tool control

1 be based on di

ined control over metal removal technological

specification and application.

At the highest level of differentiation computer aided process

planning systems (CAPPS) can be classified into one of two categories

@ Retrieval type systems which are Group Technology orientated and
rely heavily on effective data file organisation and component
classification systems.

o Generative type systems which pursue a decision-making process

structured by the use of alogrithms which manipulate engineering

logic through the use of mathematical equations. In principle

truly generative systems are sti very much in the conceptual stage
and the present systems generally classified into this category still
require a high proportion of interactive user dialogue to generate
the required decisions.

While the generative systems avoid much of the data storage
problems of the retrieval systems they do require a thorough

understanding of metal removal processes and the use of mathematical

models.

Against this background it is helpful to understand the function of
the more well known systems and to do so it is necessary to establish a
second level of differentiation, and a broadly defined classification would

be as follows:-

(@ Tool motion plan
(b) Process operation plan
(c) Process plan including time and cost estimates

(d) Machine shop scheduling



Referring beck to the three system definition es given Initially by
Peklenlk followed by Bhattacharyya and Coates, Items (a), (b) and the
majority of (c) are considered to be embraced by the management technology
planning system, while Item (d) Is Identified as part of the manufacturing
management control system.

Discussion of the CAM element of CAD/CAM during the 1960°s and early
1970"s usually centred on the part programming for NC machine tools. With
hindsight this perspective can appear to be very narrow as the activity
under attention really only covered the detailing of the cutter path and
operational process plan for specific machine tools. However, part
programming has become recognised as one of the earliest developments in
the field of computerised process planning systems and the programming
language known as APT (Automatically Programmed Tools) has become
synonymous with the evolution of CAD/CAM systems.

APT was developed by MIT during the years 1955-60 and subsequently

enhanced by several engineering centres in Europe during the 1960°s.

Notable work Includes the development of specific APT based NC mach ng

modules by the Engineering Institutions in Aachen, Berlin and Stuttgart,

resulting |

EXAPT 1 Drilling
EXAPT 2 Turning
EXAPT 3 ling

During the 1970"s a second popular part programming language emerged

known as COMPACT 11 which is a proprietary system of MDSI (Manufacturing

Data Systems Incorporated). The majority of the present-day commercially

se either APT or COMPACT Il based languages for NC

available systems uti
tool path generation.

Systems which go beyond the absolute detail of the motion plan and
consider other elements of the process such as cutting conditions, power

required, etc., are typified by the TNO (Netherlands) MITURN turning



module [47] 1971. An interesting feature of MITURN is that it was an

early attempt to generate procesa detail for either NC or conventional

machine tools.
Having established the process operation parameters the next step is
to compile the overall process plan. Typically such systems have the

capability, through system/user

teractive dialogue, of producing
operation sequences after having given due consideration to such aspects
as machine tool selection, cutting conditions, machining times, etc.

System classification at th

level becomes difficult as the majority of

commercially available systems combine generative and retrieval

capabi ies. Bearing this “greyness” in mind examples of computerised

process planning systems include

@ Systems based predominantly on the generative approach Include
the derivations of the AUTAPP System, Evershelm and others [48] 1980,

and CAPSY (Computer Aided Process Planning System), Spur [49] 1978,

both of which were i

tially designed for NC turning applications but

have now been expanded to cover other mach ng processes for both NC
and conventional machine tools.

o Information retrieval systems MIPLAN, Schaffer [50] 1981, and
LOCAM,Gibbs [51] 1980. The MIPLAN system is attributable to the work
of TNO (Netherlands) and is the process planning support system to
Computervlsion Limited®"s CAD Systems and can be classed as a process
plan “assembler® system working on the principle of planning by
variance, i.e. the standard process plan is generated allowing the

process engineer to concentrate on items which may vary from

standard. The associated component classification system which is
the cornerstone of the MIPLAN system, is known as MICLASS and is

discussed further in Chapter Four.



LOCAM Is based upon a structured Information storage, retrieval
and manipulation process whereby manufacturing related information
can be stored at various levels of applicability, ranging from the

high level “macros® which contain common generalised data, through to

the more process specific data patterns, and finally to tables of

discrete data. The system allows the user to specify engineering

logic through Interactive dialogue to enable the compilation of the
process plan. A brief Insight into both systems in the form of

system routing demonstrations suggests that MIPLAN adopts a more

mechanistic approach to planning whereas LOCAM encourages flexib ty

ith a greater emphasis on the achievement of engineering logic through

user input.

Systems which pursue a much broader span of activity Including machine

shop scheduling are typified by PEFAC, Challie 152] 1981, H Walton Technical

Systems L ted, Rassam [53] 1980 and the National Engineering Laboratories

CAPE System [54] 1980. There are s arities between these systems and the

LOCAM system as discussed in the previous paragraph in that all three rely

on data files being established relating to individual company"s manu-

facturing Information, i.e. machine tool specifications, cutting parameters,

component materi spec cations, work element times, etc. However, the

emphasis is more towards the development of tlme/cost estimates, work

scheduling, etc., albeit experience to-date appears to have been limited
to small batch work environments. In summary, common features linking the

systems discussed under the general heading of CAPPS include

@ The concept of fully automated process planning systems are

still very much in their development phase despite dialogue with

respect to fully integrated CAD/CAM systems from national and

international commercial turnkey system suppliers. Kotler [95] 1979,



®

©

@

(O]

gives a further insight into the subject area by stating that the

practical 1 tations on Implementing such systems is due to the lack
of three dimensional computer aided design modules and the absence of
comprehensive manufacturing data bases which are difficult to achieve
given the great number of product types being designed and the
countless additions to technology.

Systems are designed to reduce costs associated with the
generation and maintenance of the process plan.

In principle they are logic orientated plans designed to take

ties.

full advantage of computing faci
Experience is showing that these systems are unique to their
operational environment.
The vast majority have been specifically designed for
application to small batch environments although publications are now
available discussing more far-reaching systems under development

witl

the aerospace and related environments. Kotler [55] 1979,
discusses a computerised production process planning system under

development for the US Army Missile Command, based on an formation

retrieval variance approach, and at the time of publication covering
a limited number of machining processes.
Hermann [56] 1979, presents an overview of the ICAM (Integrated

Computer Aided Manufacturing) program which is an ambitious project,

ated by the US Air Force, to develop a completely integrated
system covering all the computer aids in manufacturing in the
aerospace Industry. Little detail is given with respect to the
approach to be pursued in terms of process planning although the
requirement to link such files of information as cutter selection,
speed and feed selection, form tool design, etc., is identified.
The majority of the systems require files of manufacturing

related data unique to specific companies to be established before
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the systems can become operational. This raises serious concerns
because of the quality and relevance of such data, much of which may
contain inherent custom and practice, then assumes a significant

level of importance within the functioning of the system. Too often
the system specifications assume that items such as up-to-date tooling

and machinabi

ity operational standards are already in existence,

giving little consideration to the realities of having to initia

establish, and then maintain the relevant information.

Clearly the correct application of metal removal process planning
technological standards will play an important role in an eventual tool

control system and it is now necessary to undertake a similar review

within the manufacturing management control system where the control of

the tool mater supply to the machine tool and subsequent control over

tool usage are major factors.

3.7 INVENTORY CONTROL

Inventory control is the disc ine with which tool control has

traditionally been associated. A literature search under the general

heading of “Tool Control” I produce encouraging titles but are, the

mai

directed towards small to medium batch work production environments

and either discuss good housekeeping practices (i.e. "tool crib

management™), e.g. Wood 157] 1958, the Tool Engineer”s Handbook [58] 1959

and Burnett-Hughes [59] 1962 which are based in the pre-computer age of

the 1950"s or on the experience of several ind dual companies/management
consultants in the Installation of computer based stock/flow control
systems for consumable tools in general, e.g. Mittal [60] 1976, Hebber and
Branl [61] 1976, Kellock [62] and Galgut [63]-

To clarify the terminology used the term "inventory control” is taken
to Include stock and flow control systems, with the following respective

definitions taken from Burbldge [64] 1980.
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s of materials and parts,

@ Stock control systems maintain supp
but ordering a new batch every time stocks of an Item drop to a
predetermined level.

o Flow control systems determine the quantities to order and their
due dates by calculation from production programmes which are based
on sales forecasts. Both Period Batch Control (PBC) and Material

Requirements Planning (MRP) are derivatives of flow systems.

The importance attached to tool classification and coding systems
does emerge, but as they are Inventory control based, their level of
sophistication rarely goes beyond that of simple alpha/numeric block class

codes, the objective being purely and simply to apply a unique code number

to each individual commodity item. Classification and coding systems
have, however, received microscopic attention in the field of component
statistical analysis for the application of the principles of Group
Technology, and more recently CAD.

In addition to the literature survey several visits to non BL Limited
companies were undertaken to review "in-house® tool control systems.

Reference to Figure 12 indicates that as with many of the publications on

the subject the emphasis within these companies was very much towards

limited manual orientation/computerised stock control systems ut sing

simple block numeric codes. In every instance no action had been taken,
or indeed was planned, in terms of company based machlnabllity and formal
control over tooling standards was minimal. The reasons for this

situation were as follows

@ It was easier to quantify the justification for an inventory
control system than one that controls metal removal technology.

D

ogue suggested that there was a lack of understanding as to the

real benefits to be achieved through technological control reflecting
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very much attitudes of custom and practice - the hallmark of

process planning environments.

(b) In general Inventory control procedures had proven to be

successfu the control of direct materials resulting In the

application of similar control mechanisms for Indirect (consumable)
materials. This approach resulted in tool inventory levels and rate

of turnover, being taken as the simple Indicator as to the eff

of the management of tools within the factory.

© Standard, off the shelf, software packages are now readily
available headed by IBM"s COPICS (Communications Oriented Production
Information and Control System), Walko [65] 1980, modules which
service the requirements of the Manufacturing Management Control
Systems, but offer little more than a data base storage facility for
the basic information required within the Manufacturing Technology
Control System. Typically tool control is discussed in some length
within the COPICS manuals [66] 1981, but control is directed towards
the benefits of tool material requirements planning with minimal
vision and consideration being given to the control and update of the

application of metal removal technology.

Three papers which go marginally beyond the Inventory control based
approach to tool controlare those by Justice and Gaio [67] 1966, Gay and
Moffatt [68] 1974 and Galligan and Mokris [69] 1981.

The interesting features of the work by Justice and Galo, which

describes the implementation of a computerised tool control system at
IBM*s manufacturing division (Rochester, USA), includes the principle of a
tool “tracking system® for reground tools to enable a complete new/
reground tool Inventory status to be generated and the Implementation of a
significant character tool classification and coding system. As Figure 13

shows the system comprises of nine significant characters which represent
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the basic tool shape and material grade followed by characters for tool

geometry condition, number of tools required for a specific machine tool

set up, and finally eleven “end of code” characters for detailing tool

modifications etc.
This paper is a good example of the author attempting to go beyond
the traditional stock control based systems, but recent communication with

the Company in question reveals that since the paper was published in 1966

nce

the system has not progressed much further, terms of poss

ng def tion based classification and coding system to a

nking the too

more comprehensive machinability standards data base. The present day

system covers 5,000 cutting tools and related spares in total.

1 control of

Cay and Moffatt concentrate predominantly on the financ

tooling through improved P and MC/Finance based systems and make only

passing reference to the need to up-date too g technology with ongoing
tool trials to compare the products of alternative suppliers against
existing manufacturing data.

Galligan and Mokrls offer an interesting paper on tool control

recognising the advances towards fully integrated manufacturing systems
software and describe in their terminology a “complete” tool control
system which had recently been Implemented at Braun Engineering, a major

steel extruder in the USA. This system addressed three areas in terms of

control
- Tool inventory control, adopting the principles of flow control
th the generation of tooling bills of material.
« Tool consumption and control.
« Engineering change and control.

from a tool material supply p t of view this paper was

the most comprehensive on the subject area found wi e undertaking the

literature survey, but their use of the term “complete system” is rather

leading as the emphasis is still very much on the traditional approach



of Inventory control and what initially appears to be an extremely
interesting area of the system, namely, engineering change and control
refers purely to monitoring tooling stock implications when introducing
new work to the machine shops.

From the contents of the paper it is apparent that the system has

nes of IBM"s COPICS “communications”

been developed along si ar

approach to establish closer control over existing inventories and tool

usage. Fundamental mitations with this approach include:
@ Such systems control the existing situation, but discourage

thought as to the actual need for tooling inventory, i.e. the

potential for a inventory* situation.
) The economics of tool usage are directly linked to improvements
in cutting tool performance, the control and update of which were not

discussed and therefore by implication are not recognised as a

prerequisite to overall tool control.

Other papers which offer interesting points relating to specific

aspects of tool control include:-

@ Zeleny [70] 1981, discusses tool flow and transportation

implications with respect to supporting the requirements of

e manufacturing systems.

) r [71] 1968, discusses the benefits of tool store

centralisation and the need to establish formal control over

reground tools within a mass production environment (Pontiac

Motor D ion of General Motors).

t section address the

In summary, wh

e the papers discussed

problem of tool control their level of focus is directed towards the
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requirements of tool mater

supply systems to the neglect of achieving
the same level of control over the technological parameters of metal

removal .

3.7.1 Tool Psage

The two key factors that emerge in terms of tool usage are:-

@ Tool re-usab ty - whereby tools can be returned to the stores,
after regrind, in the same form as which they were issued. This is
particularly applicable to purpose-designed tools such as broaches,

hobbs, shaving cutters, etc., and therefore, there is a requirement

to establish the number of tool lives available per individual tool.

o® Tool fe - is applicable to recycllble and disposable
(indexable Inserts, grinding wheels, etc.) tooling and is usually
measured in terms of:-

(i) The number of components that will be produced until one of the

lowing limiting factors is reached:

1. Tool deterioration (roughing operations) to a poi

immediately prior to catastrophic failure.

2. A pre-defined tool wear limit is reached, i.e. flank/
crater wear as established by the relevant ISO or British
Standard. However, it should be recognised that the

adoption of this disc

ne would require accurate control

at the cutting edge/component Interface,

by CNC based act

ities, and would prove more difficult to
implement and control within a labour intensive,
conventional machine shop environment.

3. Component deterioration (Ffinishing operations) to a point
immediately prior to the excession of component design
tolerances. This category tends to be applicable to high
component volume transfer lines.
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(11) Tool life can also be stated In terms of the number of hours in

use before a tool change Is required, irrespective of tool or

component cond on. This approach tends to be used on purpose-
designed, multi-spindle machines, such as chucklng/bar
automatics, whereby total banks of tools are changed at

se machine

convenient break points during the shift to max

productive availability.

I of the items discussed in (a) and (b) should be subject to

nes where tool change frequencies/tool

Industrial Engineering discip

regrinds are accurately measured and built Into the standard time from

which point variance from standard can be monitored on an ongoing basis.
Again, for this procedure to work effectively, the Industrial

Engineer requires the support of machinability/tooling standards. If such

standards are not available the engineers resort to custom and practice

ith ttle awareness of the true operational potential of the cutting

tool. This can build In constraints to the overall business efficiency

by allowing non-management personnel, | machine tool setters/operators,

to have a major Influence on the efficiency of tool utilisation.
Once again the question of consistency arises at the process planning
stage and an extension of CAPPS has been the development of MTM (Method

me Measurement) oriented software packages. A typical example of such a

system is AUTOMAT and COMPUTE, Schofield [72] 1980. AUTOMAT (Automatic
Measurement and Times) is the system name for a suite of programs which
can assist the Industrial Engineer in the design and evaluation of work
tasks covering the two main areas of time and method study. COMPUTE is a
similar package aimed specifically at machine shop based work. As with
the CAPPS survey discussed in sub-section 3.6.3 the effectiveness of MTM
systems will require access to accurate and relevant machlnabllity data

and tooling standards.



CHAPTER FOUR

4.0 LITERATURE SURVEY - CLASSIFICATION AND CODING SYSTEMS

From the onset it is important to recognise the broad di on

between the roles of classification and coding systems, and these

are as follows:-

(@ Classification

ic

In classification each commodity is allocated to a speci
class of commodities; the classes themselves are clearly defined,
and are ordered into a structure - commonly hierarchic - showing
the relationship of one class of commodities to another. The
structure may be anything from a highly organised complex structure down
to a simple list of groups, NCC [73] 1968.
() Coding
A code is one or more symbols to which an arbitrarily assigned

meaning and/or arrangement has been given which, when deciphered,

communicates specific information or intelligence, Hyde [74] 1976.

4.1 AN HISTORICAL PERSPECTIVE

Classification and coding systems have received varying levels of
attention over a long period of time with early notable advances including

the hierarchical classification of flora and fauna by the Swedish botanist

Linne (1707-1778) and the Dewey numerical classification systems
(1876) which provided 1,000 book classes and relative index.

The importance that F W Taylor attached to the role of classification

systems within his philosophy of “Scientific Management® is shown by

H K Hatheway, a colleague of Taylor at Tabar Manufacturing in 1904, when
addressing the Taylor Society in 1920 quoted Taylor as saying, Hyde [74]
1976»-
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"Classification is essential to an orderly arrangement of the facts

relating to a business and to the orderly conduct of its act ies.
During the period of development and installation of a system of
scientific management is is especially helpful to a proper

visualisation and understanding of the business and its problems as

well as the conduct of the work".

4.2 INDUSTRIAL CLASSIFICATION AND CODING

Hyde [74] 1976, defines industr classification as:-

"A technique for arranging the individual items comprising any aspect

of a business in a logical and systematical erarchy whereby like

things are brought together by virtue of their s larities, and then
separated by their essential differences”.
The importance attached by Taylor to classification systems has since

been endorsed by many observers including Drucker [75] 1954, who although

directing his attention to organisation theory said, to quote: -

"Get the facts, is the first commandment in most texts on decision-

making. But this cannot be done unt the problem has first been

defined and classified. Until then, no-one can know the facts; one

can only know data. Def tion and classification determine which

data is relevant; that is, the facts. They enable the manager to say

what is misleading™.

Drucker®s observations were well-timed because the immediate post-war
years witnessed considerable advances in the use of industrial
classification systems for information retrieval particularly in the
fields ot Group Technology with the early work of Sokolovsky (1939)
followed by Mitrofanow and Opltz in later years, gave momentum to advances
in the design of “component statistic* classification systems utilising
hierarchic meaningful character systems as against the more generally
open-ended approach to be found in other areas of statistical analysis.
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Houtzeel [76] 1976 summarises the two broad categories of classification

systems to be found within the disc ines covered by the general heading

"Group Technology”, and these are:-

erarchical (Monocode) systems

@

(b) Chain-structured (Polycode) systems
A brief description of each category is as follows
4.2.1 Hierarchical Systems

Hierarchical systems are designed primarily for design or engineering

to twelve

departments. Using a numeric code (typically from si

characters), these systems provide a means of coding and classifying drawings

to facilitate the retrieval and eliminate unnecessary duplications. In a

idual character in the part

erarchical system, the meaning of an indi
classification number is dependent on the previous character in the

ication number, and does not represent a discrete bit of independent

classi
information. The first character of the number thus defines a type of
part “shaft”, for example, the second defines a type of shaft, the third
defines a further refinement of the second character, etc. The Opitz

system is a typical example of this category and is shown in Figure 14.

4.2.2 Chain-Structured Systems
Chain-structured classification systems are structured in a different

way. Every character in the part classification number represents

thout regard for the previous character.

a distinct of information,

Every character in the classification number thus represents a

“small bui ng block™ of the total part. One character may be used
to define form, for example, the next dimension, etc. By

ng these blocks together, a complete part can be described

cha

in a manner which is internally consistent with the description
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of all ocher parts In the system. The MICLASS system developed by TNO

during the mid-1970"s Is a typical example of a chain-structured system,

and although difficulty was encountered In obtaining specific information
due to commercial Implications, a general overview of the commodity
categories to be covered by the system, and the more well known component

statistical routings are given in Figures ISa and 15b respectively.

Rose [77] 1977 states that there are In excess of 120 varieties of

Group Technology orientated component classification and coding systems,
the more prominent of which are reviewed by Knight [78] 1972 and system
comparisons are given by Remmerswaal and Schllperoot [79] 1971.

Two systems which have a broader, commercial, applicability are those

of NATO and Brlsch, both of which are discussed in the following sub-section.

A_2.3 NATO System (General)

The classification and coding systems mentioned in the previous
sub-sections are orientated towards establishing control within a
manufacturing environment. A system which goes well beyond the
requirements of manufacturing and into a much broader field of management
control is the NATO equipment codification system which is reviewed at
length by Mitchell [80] 1972. Based on the US “Federal Catalogue System*
it was adopted as a NATO standard in 1957 and has inbuilt its own
classification, naming and hierarchies of coding systems. Its main
attributes are the grouping of interchangeable products and commodity

specifications. Its limitations for general use include its reliance on a

large confident data base, the extensive system maintenance required,

and as it is based on non-significant characters nay create compatib

problems with other in-house technological classification systems.
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4.2.4 Brisch System (General)

There are two types of classificatlon/codlng systems generally

associated with the Management Consultants, Brisch Birn & Partners

ited. The first system is the well-known “monocode” which is a typical

example of a significant character hierarchical structure whereby each
code character is qualified by the preceding code and, in turn, qualifies

the succeeding code. In principle the monocodes are used as the universal

code recognised by all functions as the base identification for a component.

The second system, referred to as “polycodes™ are essentially open-

ended strings of signi

icant characters which contain speci nformation
which is of interest to only a limited number of system users. In practice
the polycodes act as “trailer” codes to the main monocode, and an overview

of each system is given in Figure 16.

Astrop [81] 1978, expands on the question of system flexib ty
by discussing the experiences of several companies in implementing the

broad approach of a concept known as the "Brisch Wheel” which classifies

a company”s business act ties into ten main classes, reference to
Figure 17. This simple principle provides a classification structure

which can be moulded to indi

idual company”s requirements and part explains

the c m by Brisch-Birn that there is no such thing as a Brisch Classificati
System as no two systems are alike.
Houtzeel [76] 1976 argues that systems such as Brisch, Opitz, etc.,

which are based on product functions have a number of shortcomings.

For example, changes in products require that produce dependent systems

be overhauled. Additionally, visits to certain companies discussed
previously in section 3.7, such as Hopkinsons, Coventry Climax and Aveling
Barford where Brisch based systems are operated across selected commodity

groupings, revealed extremely cumbersome classification/coding manuals

which are error prone to manually orientated paperwork maintenance systems.
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4.3 CUTTING TOOL CLASSIFICATION AND CODING SYSTEMS
A review of Che application of classification and coding systems with

respect to cutting tools is contained in the following sub-sections.

4.3.1 Mnemonic Codes

The visits to the companies referred to in section 3.7 revealed that
the majority had Implemented Mnemonic based coding systems. This is not,
perhaps, surprising as Che most well known mnemonic system is F W Taylor"s

tool code which formed the basis of Twist Dri

Manufacturers® Association
code for perishable tools and was implemented during World War 1 and was

in continuous use up until World War 1l when it began to break down due to
an increasing number of varieties. Typical examples of a general mnemonic

code and, more specificall

. Taylor®s mnemonic code are given in

gures 18a and 18b respectively.

4.3.2 Commodity Classi

ication
Again a commonly used system quoted in the Tool Engineers” Handbook

158] 1959. As Figure 18c shows, the system is based on successive sub-

classifications, but with the mnemonic system, is prone to erosion with

the introduction of new tooling families.

4.3.3 Brisch (Cutting Tools)
Reference to Figure 19 gives an example of the Brisch (monocode)
system as applied to a specific family of cutting tools, l.e. hard metal

tipped brazed tools.

4.3.4 PERA - Sequence Technology
As part of the work undertaken under the general heading “Sequence

Technology™ PERA pursued a vector analysis approach to the classi

ication

of turning tools, reference to Figure 20a. While this work offers areas
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of interest the concept Is limited to tool/component statistics and does
not offer a practical approach for developing an overall classification
structure for the wide ranges of cutting tools and related accessories

likely to be in use in mass production industries.

4.3.5 PERA - Machinability Data Bank

The most comprehensive cutting tool classification and coding system

encountered in terms of technological specification/definltion was that

used by PERA for their in-house machinab ty data bank [83] 1976.
Reference to Figure 20b reveals a chain-structured system which is

purpose-designed to achieve technological control at the cutting edge and

contains si icant characters relating to tool material type, material
grade, special features and cutting geometry.
However, as with the previous sub-section this approach has several

weaknesses in terms of practical implementation in industry and these

include: -

@ The system is clearly purpose-designed and omits such

important features as tool shape, chip breaker styles, etc.

(b) It does not present an overall classification structure for
all cutting tools and accessories.

©) The number of characters utilised is far too great for

day-to-day industr operations.
) The chain-structured, polycode approach could be confusing

for less technically orientated personnel, i.e. storekeepers,

clerks, etc.

4.3.6 The Hal System
Halevi [84] 1980 discusses the role played by cutting tool

classification and coding with the Hal (Hal meaning all-embracing in
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Hebrew) computer orientated manufacturing philosophy. Figures 2la and 21b

identify the system in use which is, yet again, a hierarchical significant

character system.
Halevi recognises the high cost of installing such systems and the
requirement for continuous maintenances-
"New technologies are introduced into the plant, hence creating a
need for new types and groups of materials. Moreover, this system
does not last forever. Reorganisation and changes in the
classification and codes have to be made every six to ten years.

The 1

tation of the code length also 1 ts the extent to which

the desired secondary objectives are achieved”.

4.3.7 National and Universal Systems

In terms of cutting tools there are three broad areas of interest:-

@ The NATO equipment codification system (initially discussed in
sub-section 4.2.3). Reference to Figure 22a.

(b) British Standards. Reference to Figure 22b.

©) International Standards Organisation (1S0). Reference

to Figure 22c.

All three are comprehensive systems which provide the opportunity of
linking tool shape, dimensional and material specifications. However, the
weakness in (b) and (c) is that they do not offer a classification
structure for the wide range of cutting tools and accessories to be found
in a machine shop and because of this no Individual system can be as the

working “in-house” classification and coding system.
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CHAPTER FIVE

5.0 A SYSTEMS APPROACH TO TOOL CONTROL

Chapter Two has shown that previous attempts to gain control over
consumable tooling within the Company have lacked direction, which has been
underpinned by the absence of any in-depth understanding of the problem,
and as a result has attracted little attention in terms of senior
management priority. Equally the work of others has concentrated on areas
of specialist activity within the subject area and a systems approach,
i.e. the study of the “whole” problem to help management achieve control
over tooling at an operations level, has been neglected.

Despite these shortcomings important lessons can be learnt from an
historical analysis as to why the Company has failed to gain control over

such a vital area of its business activity, and certainly direction offered

by others can be ut sed in structuring a sound platform from which the
problem of tool control can be analysed and the necessary control

mechanisms developed.

5.1 PROBLEM DEF

10N

The highest level of problem definition is taken from the NEB"s
submission to the Government in December 1979 of the Company”s 1980
Corporate Plan/Budget [2] in which the reduction of Inventory levels and
improvements in manufacturing productivity were seen to be essential in

terms of BL Limited"s future sun

al and viabi

y-
Clearly the control of cutting tools would have a significant role to
play with respect to inventory levels and productivity and to help begin
to understand the problem in contributing to the achievement of the
objectives, as set by the NEB, the level of research focus was adjusted to
concentrate on the four factories which comprise the Birmingham Operations

i

ion of the Light Medium Cars Group of Companies.
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The problems being faced by senior management within Birmingham
Operations require quantitative and qualitative statements and these are

given as follows

5.1.1 Quantified Statement
The main features of the Birmingham Operations tooling activity

profile ares-

@ The number of tool records, i.e. individual tool code numbers,

is estimated to be in excess of 75,000 items being stocked in 16

ind

dual tool stores located throughout Bir

ngham Operations.

) Total inventory £6.43 mi on.

© Annual expenditure £5.28 mil n.

@) Inventory turnover ratio “ 6.43 “ 1.22 years, or 14.6 months.
5.28

) Productivity in terms of metal removal activity is extremely

difficult to measure, but latqr discussion with respect to Coventry
Engine Plant established a simple index of monitoring weekly standard
hours generated by the Power Train cost centres at the Plant compared

to the cutting tool and related accessories inventory.

Therefore, to contribute to the objectives as established by the
NEB the proposed tool control system should be seen to be reducing the
total inventory and subsequent expenditure against the number

of standard hours generated.

5.1.2 Qualitative Statement

A summary of the under

ng reasons for the general lack of control

to be found with respect to tooling is as follows:-

- 98 -



@ An absence of Corporate standards relating to cutting parameters

resulting in widespread disparity levels of productivity between

work areas.
(O] The lack of a Group-wide tool classification and coding system.

© Inadequate stock control systems.

The net results of the inherent inefficiencies contained in (a), (b)
and (c) weres-

@ Custom and practice prevailing throughout all areas connected

th tooling decision-making.

Excessive tool stocks.

Inefficient tool procurement mechanisms due to the prevention of

the potential for Group-wide bulk purchasing.
v) The fragmented approach to tooling decision-making was reflected

in the m

mal control over the introduction of new tool types leading
to large ranges of tool type varieties being held in stock.

w) Duplication of effort in indirect hourly paid and staff

. tool setters, storekeepers, process planning and

functions, i.e

purchasing.

Simpl the situation was semi-chaotic.

5.2 SYSTEM OVERVIEW

It would be misleading to imply that a system was initially designed
and subsequently implemented. In reality the research began against a back-
ground of extremely broad objectives, namely to achieve reductions in

tooling inventories and to contribute to general increases in productivity

within the Birmingham Operations Group of factories. Additionally, while

tes were in mind from the onset of the

certain system design prerequ
research work, notably the role and early development of IMPS, much of the

interactive nature of ATOMS only became clear when faced with the



practicalities of system implementation into the receiving factory, and

the ensuing management expectation of positive results.

5.2.1 Research Location

From the onset of the research programme a fundamental principle was

adopted which was that the manufacturing requirements of the in dual
machine tool dictated the service required from such supportive systems

as tool material supply and control. In other words, the p

rity was
to achieve efficient “spindle management-” .

Therefore, to be to understand the requirements of the manufacturing

system, tial research acti

ity moved away from the extremely sensitive

area of excessive too g inventories and concentrated on the tooling

problems being encountered on a small bank of machine tools within a single
machine shop, i

e. the single- and multi-spindle bar automatics shop at

the Longbridge Plant. This quickly identified two base problems with

respect to cutting tools and these were:-

@ The absence of any Company-wide tooling technology "standards*

encouraging personnel such as setters, foremen, process engineers,

etc., to make personal decisions on the implementation of cutting
tool type and machine tool operating conditions. In this environment

formal process planning documentation rap

y became out-of-date,

and in many cases improvements in cutting parameters were as a result

of personal iative by the local personnel, and were not recorded

for the benefits of other mach g locations.

(O] The absence of formal tool mate supply systems to service
the requirements of high component volume machine tools which were
critically linked to car assembly demands.

A number of extremely disturbing features came to

area and include:-
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(i) The considerable fluence that a storekeeper had in terns of

determ

ng stock levels and tool re-order quantities.

The high level of dialogue that took place between the store-

keeper and the machine tool setters in determ

ng alternative

tool choice.

(ill) The informal working relationships that developed between

foremen, tool setters and the representatives of tool supply
companies, resulting in the latter having full access to the
machine shops, a major contributory factor to the wide ranges

of tool varieties held in stock.

At this early stage, a series of tool trials took place on the

machin

e tools under observation, and by a series of very simple

technological changes an annual saving of £4.5K in direct tool costs

was achieved.

Having achieved th

keen to maint

ed level of success local management were

the research work ac ty at the level of the bar

automatics shop, but it was recognised that this direction would achieve

little

contro

understand the problem at a different level of focus, the research acti

in understanding the interactive nature of the problems of tool

I, particularly when viewed from an operational level. Wishing to

ity

was then changed to cover the four factories within Birmingham Operations,

i.e. Longbridge, Drews Lane, Coventry Engines and Triumph Radford. After

a shor

typifi

tool class

etc.,

utel

decisi

t period of time the range of problems quickly became apparent,

ed by the absence of machining standards, ineffective multi

cation systems, inadequate inventory control systems,

were common to all four locations and research time was being

d by the spread of geographical activity. Because of this the

on was taken to concentrate the research acti

ty at one plant, develop

a routing through a tool control system, validate the benefits, and
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subsequently expand the control mechanisms to the remaining locations.
Coventry Engine Plant was chosen as the centre of the research activity

for the following reasons

@ The manufacturing activity at the Plant ranged from jobbing type

work through to flow line production on major dedicated mach

ng
facilities. In addition to this only one of the 4,130 machine tools
at the Plant was NC based with the remainder being of conventional

design, a situation which typified the Power Train acti

throughout Austin Norris at the time of writing.

() Because the Plant was responsible for mach

ng a high level of
component spare parts as well as high volume components, it provided
an opportunity of studying the machinability of the vast majority of
component material specifications to be found within BL Limited.

©) Because of the mix of components, the range of material

specifications, the age/range and conventional nature of the machine
tools, high tooling inventory-levels and a complete absence of
computerised systems in tooling related areas, it was considered

that, as a whole, the Coventry Engine Plant was a fair reflection of

the tool control problems

ely to be encountered elsewhere wit

Birmingham Operations.

5.2.2 Linked Systems

Previous chapters have discussed in some detail the tool control
problems being faced by senior management across Birmingham Operations
at the commencement of this research work, and the key factors to

emerge weres-
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@ Design criteria for a tool control system should recognise the
requirement to achieve technological control as well as control over
tool material supply.

o Custom and practice prevailed.

© Attempts to gain control over tooling-related areas had fai

because of parochial attitudes and blinkered v on in terms of

problem definition and understanding.

Against ti background a routing through a tool control system was

developed and implemented at Coventry Engine Plant which accommodated the

requirements of item (a), removed the inherent ineff encies of item (b)

and did not repeat the mistakes of item (c).

5.2.2.1 Authorised Control

Reference to Figure 23 shows a conceptual system design produced

during the early stages of research. A prerequ te to any future system

had to be a recognised authorised in-house control mechanism for tooling

related information and tool materi supply, which controlled the tooling

requirements for operational and forward planning ac ties. Such a

mechanism would act as a system input ter with respect to external,

e. non-company related sources, typified by tool suppliers® literature,

academic publications, etc., and ewise internally generated

formation, e.g. variance in practice from identified company tooling
technology related standards.
An overview of the development of such a system is contained in the

following sub-sections.
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5.2.2.2 Inputs and Outputs of the Manufacturing System

Section 5.2.1 gave a brief resume of initial observations with respect
to tool control when studying a small bank of machine tools within the
Longbridge Bar Automatics Machine Shop.

Discussion by Spur [19] 1971, helps to put these initial observations

into a system context with an analysis of the inputs and outputs of the

manufacturing system, reference to Figure 7, page 45. While Spur identi
the tool control system as a sub-system of the manufacturing system, it
is clear that as a sub-system it cannot be studied in isolation. The

efficiency of the tooling input into the manufacturing system will require

control over the following tooling related aspects

@ Correct technological application.

) Optimal tool mater supply.

© Environmental control.

Therefore, while the “black box" approach to manufacturing systems

is of help as a starting point, it can detract from understanding the

complexities of sub-system interaction which is a prerequ te to achieving
the eventual optimisation of the manufacturing system.

Having identified in systems terms the areas of prioritised control

and the implications of sub-system interaction, it is now possi

turn to others for further direction in system development.

5.2.2.3 Manufacturing Sub-Systems

Section 3.5 made reference to the work of Bhattacharyya and Coates [39],
and Peklenik [22]. Their observations have been utilised as the platform
from which the tool control system to be described in later sections has

been established. Their analysis ldentifies three main sub-systems as

being critical to establishing overall control which were identified
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in the previous section as:-

@ Technological control - Manufacturing technology system.
o® Tool material supply - Manufacturing Management system.
© Environmental control - The setting and maintenance of

environmental control standards would require inputs from both

the technology and management systems.

5.2.2.4 System Design Concept

The major influences on the initial tool control system criteria

were:-

(@ System Requirement
To achieve:-
(i) Control over the application of metal removal technology.

(ii) Tool mater

supply.

(ill) The installation of necessary discip

ines to achieve control
over tooling related aspects within the manufacturing systems
environment.
(b) System Design
(i) To avoid replicated data.
(ii) To install a system input control which facilitated
systematic and dynamic update of the data base.

Capability for system expansion in terms of:-

1. Geographic mob

ty, i.e. to be installed at several

manufacturing locations and to have the flexi ity to

accommodate problems unique to the receiving plant.

2. The provision for technological expansion terms of
new metal removal processes and techniques.
3. To be mindful of potential expansion links into

larger CAD/CAM systems.
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(c) System Management

(i) To utilise the fu potential of microprocessor based technology.

(11) To establish a hierarchy of control whereby certain critical

features became the respons lity of a small number of selected,

highly trained personnel within Birmingham Operations.

Reference to Figure 24 shows the eventual system concept which

superimposes the princ es of control as identified by Spur, Peklenlk,
Bhattacharyya and Coates, onto additional systems requirements of

restricted authorised control and a Birmingham Operations technological/
economical tooling data base. In principle the data base supports the
requirements of the technology planning and management control systems and
system update can be through either internal feedback in the form of
variance analysis reports from the manufacturing system, or through the
incorporation of external data. An important feature of the concept is that

while the initial system boundaries are shown to be in-house the external

data links are considered to be an essent link in the dynamic update of

the system and, therefore, external bodies such as tool suppliers,
research institutions, etc., are considered to be part of the system

although their input is strictly controlled. Indeed if the “universal level”

of focus as described by gannon [17] 1980, was to be adopted a “total*

tool control system would question the supply of raw materials utilised by

the tool suppliers, review their internal manufacturing fac ies and

their al

ty to meet the commercial and technical requirements of the
receiving company”s business system.

At this stage genuine practical problems as described in the
following items have been given a lesser priority than the achievement of

a tool control system routing. Such aspects include:-

e tool stores and their impact on tool stock levels.

@
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®)

The absence of any formal work schedule control wit

the Tool

Rooms, wi

h its subsequent impact on tool regrind costs.

An insight into the concept of the tool control system is as

follows:-

@

Technology Planning System
The two broad areas of activity within this sub-system are:-

(i) Design - which includes, components, tools, jigs/fixtures, etc.,
and to a degree can include such aspects as factory layout.

(ii) Process planning - which Includes metal removal and non-metal

removal act

ies.
The prime activity of this sub-system is to control technically

and economically the operational standards of the manufacturing

system. In a Power Train environment there are tooling implications
throughout the technology planning system ranging from the metal
removal implications at the component design stage, through to

selecting alternative tools for a unique problem that may occur

the manufacturing system.

Against tl

s background a dec on was made to develop a control
mechanism which concentrated on establishing technological

disc

ines at the point of metal removal, i.e. machinabillty and

too

ng standards. Therefore, the

Tt

decision was to gain

control over the operational requirements for ind ual process

operations. Having gained this level of control the p osophy would
be to expand the system to combine the individual process operations

to generate process plans, and further expansion would potenti

Include machining economics, and the linking in to Industrial

Engineering standards to facilitate process estimating packages.
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Special purpose form tool design requirements were not

considered at this stage apart from the machinal cations of

tool material type and respective tool geometry.

Management Control System

tl

Of prime importance witl

sub-system was considered to be
the control of tool material supply combined with a facility to
monitor Industrial Engineering and Finance Departments” “variance from

operational standards® reports to faci

ate formal

within the Manufacturing System. Other benefits, particularly in
terms of tool procurement, were not given an immediate priority in
the early stages of the system development as it was felt that having

achieved contr:

within the Manufacturing System, the adherence to
the resulting process operational standards would provide a sound
platform from which the Purchasing Department could take advantage.
System Management

Having established a platform for developing the necessary

control over tooling technology, tool mater

supply and

environmental control, the ongoing maintenance of the contr:

mechanisms were then considered.

In t area the two key features to be incorporated were:-

(1) Restri

ted and authorised control of the system.

) Efficient Information storage, retrieval and update.

Further reference to Figure 24 shows that the conceptual system
has the required input/output control in the form of the data base
management system, a term used at this stage in its broadest sense.
In addition, recognition is given to the syncronlsed update of
replicated tooling related data whereby any data used by more than

one functional department is held in a central tool fi

Typical

examples of such data and their or nating departments include:-
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@

(i) Class

cation and coding (Production Engineering)

Technological specification (Production Engineering)

Part description (Production Engineering)

(iv) Standard/current cost (Finance)

The originating departments, as shown in brackets, would

maintain respons ity for supplying the update of the specified

data, known as partitioned data, within the central tool fi

Additionally, the respective departments would also have the facility
to update its own local tooling related data. Examples of such data
would include:-
(i) Production Engineering
1. Tool trial evaluations
2. Alternative tool choice
(ii) Finance Department

1. Off-standard reports

Purchasing Department

1. Supplier evaluation/address

2. Levels of discount

System Operation

The tooling data base would provide and monitor, through

feedback, the operational standards of the manufacturing systems with

respect to tooling related activities. The data would be accessi
through levels of authority by user areas within the technology
planning and management systems, but dynamic update would only be
through a formal control mechanism with, again, levels of authority

for system update.

Conceptually the implementation of such a system would el

the problems discussed in Chapter Two.



The following sub-sections present an overvlev of the stages
involved In moving from such a design concept to the eventual tool

control system implemented at Coventry Engine Plant.

5.3 TOOL CONTROL SYSTEM (ATOMS)

The system routing which was Implemented at Coventry Engine Plant

known as ATOMS, an acronym for Automated Tool Management System.

Reference to Figure 25 presents an overview of the ATOMS system which Is

ided Into two clearly defined sub-systems; firstly the "Technological
Control and Update® system which Is essentially a process planning aid,
selecting appropriate cutting tool materials and cutting parameters for

given component mater

/machine tool combinations; and secondly the
"Management Control® system which comprises four main control features,

and these are:-

(a) Inventory control
(b) Order tracking
(c) Material receiving

(d) Inventory accounting

The essential "link®™ between the Technological control/update and
management control sections was the requirement for an effective tool
classification and coding system, the design and development of which
attracted a large proportion of research time. A further insight Into the
two main control sub-systems of ATOMS, and the classlflcatlon/codlng
system, are given in the following sub-sections to help the reader
establish a routing through the system philosophy before commencing the
details of system design, development and Implementation strategy

contained in the following chapters.
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5.3.1 Technological Control and Update

The technological control and update sub-system Is known as IMPS

(Iterative Mach ng Parameter Selection). IMPS Is an Interactive system
designed to act as an aid to process planning engineers working In a conven-
tional machine tool environment. The system was Initially developed for

single point turning, and given component design specifications (including

tolerances and mater type) and machine tool selection, IMPS offers

the facility to generate the following balanced outputs, aimed speci

at achieving technological control at the level of the ind
process operation:-
- Surface cutting speed
- Rotational speed
- Feed rate
- Depth of cut
- Specific cutting force
. Power requirement
Tool life
- Standard time
- Tool change frequency

- Recommended tool grade

Key features of the IMPS sub-system include:-

@) algorithms were designed to capture process planning
on-making procedures, adopting the philosophy of m
user input wherever possible.
) System output is based on semi-generative principles utilising
a combination of mathematical equations and tables of discrete data.
©) The system comprises two main files of information and these

aret-
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(i) Component material machinablllty groupings and recommended tool

types.

c component mater

1 data.

Ulth respect to Items (1) and (11) above the data has been

established as a result of In-house tool tr

s thereby reflecting

unique, local operating conditions. S

arly the final IMPS process
operation specifications have been validated within the machine shops

of the recei

ing factory.

The achievement of the system output validation was established
through the Implementation of “factoring routines® which were used to
down-rate predicted "ideal” spindle speeds, and to adjust depth of

cuts, to compensate for machine tool age, condi

on, structural
design, fixturing arrangements, etc., and for variations in component

surface f

ish with respect to pre-machlned conditions and hardness,
()] The system contains Interactive sub-routines where If an

Indi

idual element of the final system process operation

specification is either unachievable, e.g. spindle speed, or Is

undesirable because of other imposed limitations, e.g. balancing tool

lives In multi-tool set-ups; the user has the facility to set an
Individual element as the limiting factor and then reproduce a
"rebalanced”final process specification through user/system dialogue

and the Inbuilt Interactive sub-routine.

5.3.2 Management Control
The main emphasis In the management control system was directed

towards tool material supply/usage control and these disc

ines are
covered by a system referred to as LINCS (Linked Inventory Control System).

The key area of control within LINCS Is a file of information known as the

tool/component “where-used” file. Base information within this il

includes:-
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- Cost centre deta

- Process routings which identify too

ng by operation and
machine tool.

- Quantity of tools per operation and respective tool change
frequencies.

The “where used” fil

compri

ing these simple tables of discrete
information, can be accessed at a primary level by either a tool type or

component type enquiry. The tool type enquiry generates a summary listing

the part identification numbers of all the components upon which the specific

cutting tool is used.

kewise the component type enquiry is structured

in a singl

level explosion format which generates a tool parts list for
a specific component number.

The base information for the “where used” file resulted from a major

data collection exercise witl

the machine shops at Coventry Engine Plant

followed by IMPS assisted cutting tool tria

. However, having completed

this task an essential area with respect to tool control had been

established from which a series of app ations programs were written,

e. tool mate

issue/rec

t, and for the generation of bills of

tooling material support the manufacturing programme by cost centre.
An overview of the inventory control rules adopted reveals that the

cutting tools and related accessories are classi

ied into three broad

categories, these being:-

(@ standard, “off the shelf”, tool

linked to high volume components.

(b) Slow-moving standard tools and low cost spec tools.

©

gh unit cost tool e.g. broaches, gear cutters, large grinding whee

For the purpose of the ATOMS routing category (a) received the highest

level of attention and the main part of the tool material supply system was

based upon the princ es of “semi-flow control”™ whereby knowing the
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forward manufacturing programme for all high tool usage components It was

poss e to Input tl data, supported by applications programs, Into the

tool/component “where used” data es to generate a gross bill of tooling

materi

1. This material quantity was then adjusted by comparing the gross

requirement to the existing stock level held In the tool stores and

pending deliveries to generate a net b of material.

Traditional stock control procedures of setting max/min levels and
re-order levels against historical usage patterns were Implemented for
category (b) Items. Category (c) did not receive any detailed attention
during the research work from a systems point of view and control was
undertaken on a manual basis monitoring the forward requirement against
existing stocks and tool regrind lives left in the system against lengthy
procurement lead times.

Tool procurement control concentrated on monitoring purchase

requ ions and tool de eries. In selected areas, notably category (a)

items, the manually Intensive purchase requisition system was abolished in
favour of placing an annual contract with the tool suppliers from which
specific quantities of tools were called off on a weekly basis and

Invoiced against the receiving tool stores. Again by establishing an

estimate for a twelve month forward manufacturing programme It was

poss e to combine this data with the tool/component “where used” files

to generate an annual tooling requirement for major volume components.

Clearly, system feedback is always necessary with this approach for system

update and this was tiated at various levels throughout the overall

ATOMS concept.

Towards the end of the research work a further tool material supply

tiative was taken and this was to develop the routing through a system

concept whereby a tooling bill of mate was generated for a speci

cost centre against the following week”s manufacturing programme. TI

requirement was then delivered in the form of a package of tools by each



of the mai ng the needs of the Plant. The system

tool suppliers serv

was referred to as "Tool Marshalling™ and its mechanisms questioned the
need to hold more than seven days® buffer stock of indexable Inserts at

any one moment in time within the Tool Stores at Coventry Engine Plant.

5.3.3 Tool Classification and Coding System
From the onset of the research programme it was recognised that a
common tool classification and coding system would have to be developed,

but its importance did not become apparent until faced with the

practicalities of system Implementation. The system developed is known as

ARCLASS (Austin Rover Classification System), and is the vital link

between the technological control and update system (IMPS) and the

management control system (LINCS). ARCLASS is a sem gnificant
classlfication/coding system and its structure can be broken down into

three main elements, and these are:-

(@ Commodity definition
(b) Technological specification

(c) Tool type family specified by dimensional variation

The commodity definition is based on the well-established
hierarchical approach to classification and this element comprises five,
fixed numerically assigned significant characters. The technological

specification is based on a “chain

inked” approach to classification and
comprises a variable number of alpha/numeric assigned characters. It was
found for system routing purposes that the technological definition could
be accommodated with four fixed significant characters, but logic would
maintain that certain tools not covered by the system routing may require
a greater number of characters to classify individual technological
specifications, and therefore as a concept the number in this element
could be variable.
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The final element, tool type fam

., was based on a simple block

number system, comprising two fixed non-significant characters. At this

final stage of the classification/coding system, the only classification
variance is the dimensional characteristics of the specific tool and the

simple block numbers are allocated accordingly.

5.3.4 System Operation

The f

1 system (ATOMS) routing is d ded into three key elements:-

@ IMPS determines the technological standard for each indi
process operation, and part of this specification includes
recommended tool material/geometry for a specified component/machine
tool combination.

[®) ARCLASS offers an information retrieval facility whereby an
enquiry can be made relating to the families of tools held in stock
with respect to the IMPS generated tool material/geometry
specification.

© Having chosen a specific tool, LINCS then identifies the current
component demand for the tool in question and adjusts accordingly to

accommodate the new requirement.

Therefore, ATOMS controls the tool decision-making process from the
planning stage through to the point of application. Adjustments to each
element with the introduction of new tools, or deletion of old, becomes a

mechanical procedures of system maintenance and update.

5.4 RESEARCH METHODOLOGY
While the concept of a system routing based upon a single tool family
seemed ideal in theory, the practicalities of system Implementation

demanded that in certain sections consideration should be given to other



tool familles/related spares to accommodate the problems of medium-term

system expansion. For this reason later sections will show that whi

IMPS was based primarily on single point turning, other sections, notably
ARCLASS and LINCS, were expanded to establish control over several other
tooling families.

Throughout the main body of the research programme the development of
ATOMS was based on a 64k, core memory, microcomputer with associated

peripheral storage.
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CHAPTER SIX

6.0 TECHNOLOGICAL CONTROL AND UPDATE (IMPS)

All references relate to the IMPS single point turning module which

was the first mach ng process to be developed, albeit the logic employed

lar for the majority of machining processes.

6.1 DATA CAPTURE AND ANALYSIS

In accepting that the construction of a generative type process
planning module necessitates a degree of generalisation of data in order
to minimise the volume being held, it was clear that the range of
component material specifications being machined within the workshops at

Coventry Engine Plant needed to be grouped together. The criterion used

to establish s larity of materials and thus facilitate grouping was
machinability.
The term machinability is in many ways a nebulous one, but the

def

ion given by the Metcut Research Associates Inc [42] 1972 suggests

that mater s of like machinability should have s lar surface

integrity, tool life and power or force requirements when machined under

si ar machining conditions. This definition is the one that is accepted

for this thesis with s larity of tool life being the predominant feature.
An analysis conducted upon a Pareto basis (ranked by the product of
production volume and standard production hours per item) of the component
materials being machined at the Plant revealed that a total of 36 ferrous
material specifications predominated. This figure allowed for the
confusing situation which prevailed whereby an identical component

material specification could be quoted on process planning documentation

by any one of three designations
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(=> British Standard reference
(O] BL"s own internal designation
©) EN numbers which were still the most commonly used reference

throughout the Plant despite the system®s obsolescence.

On the basis of machlnab

ty groupings utilised in various publications
(notably the Machining Data Handbook) and the experience of the tooling

manufacturers, the materials were divided to six machinability groups for

turning, the details of which are given in Figure 26.
It should be noted that non-ferrous machining activity at Coventry

Engine Plant was minimal with a high percentage of aluminium based

processes being outsourced to SU Butec Limited (part of the BL
organisation) and the majority of brass/bronze based components being
machined in the main multi-spindle bar automatics factories at Longbridge

and Drews Lane.

t y it was considered that the recommended machining parameter

data provided by the Metcut Mach ng Data Handbook would form the basis

of the IMPS machinability standards. Endeavour to implement the Metcut

recommendations in the shop floor environment proved fruitless, however,

because when applied to s lar operations (i.e. lar component mater
tool material, machining parameters, etc.), disparities in tool life
achieved were noted. It was a point of major concern that Metcut gave a
range of tool lives achieved using their parameters (30-60 minutes), and
no objective criterion given to signify end of tool life; it must, therefore,

be assumed that the effects of the custom and practice surrounding tool changing
in industry was Implicitly included within the tool life range quoted. The
problem of Metcut data generalisation caused by the wide range of data supply
sources and the use of ~judgment® to interpolate and extrapolate beyond

known data points was proving to be a major Impediment.
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To overcome such

tations it was decided to collect the mach

ng

standards data from in-house trials conducted with

the machine shops at
Coventry Engine Plant. However, after a short period of time two

fundamental problems were encountered, these being:-

@ The increased speci ity of data caused an inordinate increase

in data volume which began to contradict the ph

osophy of a
generative type systenm.

() The abi

ty to establish an objective criterion to signify end

of tool e. The heart of this particular problem lay in the long
established custom and practice of machine tool setters/machine
operators changing tools at “‘convenient” times, such as the

commencement of shifts, regardless of flank or crater wear evident

upon the tool, or tool indexing in preference to manual

de

adjustment to compensate for tool wear, etc.

Iso in the case of

finish turning operations end of tool

fe is dictated by loss of

component conformity to design tolerances rather than exceeding a

predefined single tool wear

Both of the above approaches seemed, therefore, to suffer inherent

drawbacks and a new approach to the problem was required. There was

clearly a need to estab h a criterion for end of tool life upon an
objective basis rather than the ad-hoc methods used upon the shop floor,
and also a need to accommodate (and predict) the variability in that life

which appeared to be strongly influenced by machine tool related

characteristics without descending to a level of det which would
necessitate the storage of large volumes of data. It was, therefore,

decided that machining data should be obtained under ideal operating

cond

ons and then validated, ut sing a factoring routine, to reflect

the actual operating conditions of the range of production machine tools
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upon which the cutting tools under consideration were used. An attendant

advantage gained by adopting this approach is that the data may be used in

a predictive sense to support machine tool performance capacity
stipulations made at the time of purchase and thereby overcome the problem

of perpetuating mediocre machine tool design features.

Returning to the problem at hand of gathering reference machinabi
data, an obvious source appeared to be the tooling vendors responsible for
supplying the cutting tools to Coventry Engine Plant. Of the, as then,
twelve companies supplying indexable inserts to the factory only three

were prepared to be involved in such an exercise:-

(a) Sandvik (UK) Limited - tungsten carbide machining in general.

(b) Seco Tools L ted - tungsten carbide and ceramic machining in general.

(c) SPK Feldtnuehle - specialist ceramic mach

The problem was discussed in greater depth with the three Companies
involved and a request made to supply comprehensive cutting data for
their respective standard ranges of tools against, in the case of Sandvik
and Seco, the six machinability component materials as discussed earlier,

and in the case of SPK, selected materials from within the groupings. With

respect to the complete range of machinability groupings neither of the
main Companies involved could supply the full range of data, but both
requested further time to run additional in-house tool trials to complete
the data packages as requested.

Therefore, against this background a series of tool trials were
undertaken with the tool suppliers in question, under idealised operating
conditions (within their own respective workshops), upon a range of
machine tools of high static rigidity and dynamic stability, to establish

the tool life for a range of cutting tool materials from within each

machinab ty group. The criterion adopted to establish end of tool life
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conformed, by request, with the recommendations of British Standard 5623

[85] 1979, the limits adopted as signifying end of tool life for sintered

carbide tools being as follows (reference to Figure 27):-

Flank wear - Average land width of 0.3 mm for regular wear in zone B

or

- Maximum land width of 0.6 mm for Irregular wear in zone B.

MOTE: - This flank wear

t should be reached during the secondary,

linear stage of tool wear characteristics, (reference to Figure 28).

For ceramic tooling materials the flank wear life-end criteria are
identical to the above; cratering wear is replaced, however, by

catastrophic failure.

It w be noted that the criterion used to determine end of tool
life by flank wear (generally the more predominant tool wear mechanism
within the automotive environment) is a fixed limit. In the shop-floor
situation, however, the amount of wear achieved on a tool prior to its

removal/indexing is related to component tolerance, particularly upon

f

ishing operations.

Using the above criteria to signify end of tool life and conducting
single point cutting tests according to the recommendations of BS 5623 to
achieve that amount of wear after fifteen minutes continuous cutting time,
the following mean results were achieved for materials within
machlnablllty group 1 from one supplier (Sandvlk) using three grades of
Tungsten Carbide cutting tool material of differing application ranges
from within the 1SO grading system (reference to Figures 29 and 30). These

results are mean values of a spread of data distributed wi

in 10X of the
mean .
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KB s Crater width
KM s Crater centre distance
KT * crater depth

Source: BS 5623 (85) 1979

TOOL WEAR CHARACTERISTICS

Figure 27



FLANK WEAR

PHASE 1 _ INITIAL WEARING AWAY OF
*SHARP* TOOL FEATURES

PHASE || - LINEAR, REGULAR WEAR STAGE
OF TOOL LIFE

PHASE _ IMPENDING CATASTROPHIC
FAILURE

Sources Radford end Richardson (86) 1974

FLANK WEAR CHARACTERISTICS



CUTTING SPEED (METRES/MIN)
“ 15 mins)
Hardness “ 110 HB

Feed Rate
(mm/rev) "Hard" Tool “Standard® Tool “Tough™ Tool
Grade Grade Grade
1SO P10-30 1SO P15-35 1SO P20-40
0.15 460 450 320
0.25 385 370 265
0.40 335 320 230
0.50 300 285 205
0.60 280 265 190
0.80 240 230 165

Reference Co Appendix B gives further decall based on Sandvlk results
for Che remaining S machinablllty groups although ic should be added Chat
chose shown for groups 3 and 4 reflect an approximate Increase In the
cutting parameters equivalent to 50Z in spindle speed as the result of

further tool tri

s undertaken at Coventry Engine Plant, a finding

scussed in greater detail

hin Chapter Mine. In terms of the
remaining two suppliers, Seco and SPK, it was found at this early stage of
system development that the results obtained from the independent cutting

tool tr

indicated comparability of tool materi

grades, l.e. results
were obviously not identical, but were sufficiently close to allow

mediation to give equivalence of data without exceeding the limits of

experimental error. However, the proving of true interchangeability of
tooling in the manufacturing machine shop environment requires a more
detailed discussion.*

*Data given with the kind permission of Sandvlk UK Limited
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Sourcet Brookes (30) 1979

TYPICAL CARBIOe GRADES FOR MACHINING

Figure 30



Returning to the ial discussion on machinability group 1 results,
it is clear that a process planning engineer would not wish to be

restricted to selecting feed rates only from a given table and, therefore,

the facility to lity of

terpolate was required. Therefore, the poss

util ng an extended Taylor™s tool life equation of the form general

quoted in related text [83] 1976 was considered, i.e.:-

Tool life (minutes) - KVX Sy a* (HV)W (VB)

\ Cutting speed

s Feed rate

a Depth of cut

HV Component material hardness

VB Flank wear

K Constant for component/tool material combination
w.x.y.a Exponents (generally negative)

A computer program was then written to plot the logarithm of cutting
speed values on the abcissa and the logarithm of corresponding feed rates
upon the ordinate axis, deduce the best fit straight line by the method of

ient of

least squares and calculate the non-parametrie coeffi

correlation. A sting of the program is given in Appendix C.

In conducting the analysis upon the data relating to machinability
group 1, given previously, it was found that the plotting of logarithm of
feed rate against the logarithm of relative speeds (l.e. the cutting speed

at a given rate di

ided by the cutting speed to achieve a IS minute tool

life at a feed rate of 0.8 mm/rev) provided a relationship which yielded a

very high degree of correlation for all three tool mater grades across

all machinab ty groups. The results of analysis for machinab ty group

1 for the tool materials of one supplier are given below, the comparable
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results for machinabllity groups 2 to 6 given as Appendix B.

(TOOL LIFE - 15 MINUTES)
CUTTING SPEED DETAILS (MEAN MATERIAL HARDNESS - 110 HB)

Feed Rate Hard Tool Standard Tool Tough Tool
(mm/rev) Actual Relative* Actual Relative* Actual Relative*
(m/min) (m/min) (m/min)
0.15 460 1.916 450 1.957 320 1.939
0.25 385 1.604 370 1.609 265 1.606
0.40 335 1.396 320 1.391 230 1.394
0.50 300 1.250 285 1.239 205 1.242
0.60 280 1.166 265 1.152 190 1.152
0.80 240 1 230 1 165 1
Gradient .616 2.526 -2 557
Intercept -).138 0.166 -0 159
Correlation 0.994 0.997 0 996

* (viz. Actual cutting speed d
feed rate of 0.8 mm/rev)

ded by cutting speed at datum

It should be noted that as previously stated the values of speed
corresponding to various feed rates to produce a given tool life are mean
values obtained from experiments which produced a scatter of data to which
a best straight line would have been fitted. Based on this, a very high
correlation of results to a straight line formula would be expected.

In practice, tool life other than 15 minutes may be required (for

example to achieve balanced tool lives upon a multi-tool machine to

se down-time due to tool changing) the incorporation of a tool life
"modifier” was needed to enable the amendment of the predicted cutting

speed to produce the desired tool life. This relationship is aga

logarithmic in nature (see expression given previously) and is often
referred to as the Taylor tool life equation after F W Taylor who first

accurately monitored the relationship after conducting cutting tests which
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generated graphs of the type shown in Figure 31 which, when logarithmically

Inverted, appear as shown in Figure 32. The multip

cative Index by which
cutting speed should be downrated to achieve a tool life other than 15
minutes for each of the machlnablllty groupings (one value being taken as

applicable to all tool material grades within the group) Is as given

below: -
Machlnabi Group Number
1 2 3 * 5 6
Tool 15 (detum) 1 1 1 1 101 1
Life 30 0.87 0.87 0.87 0.8* 0.85 0.87
(Minutes) 60 0.76 0.76 0.76 0.71 0.73 0.76

SPEED MODIFIER (Multiplicetive)

Agaln, as with the Initial machlnablllty data the speed modifiers
quoted resulted as a Joint Initiative between the writer and the tool
materiel suppliers Involved in the exercise.

The logerithmlc relationship known to exist between tool life and

speed modifier was analysed, using the program as given In Appendix C, and

the results obtained were as follows:

SPEED MODIFIER (Multiplicative)

MachlInablllty Group 1 Group 2 Group 3 Group * Group 5 Group 6
Group

Tool Life 15 1 1 1 1 1 1
(mins)
30 0.87 0.87 0.87 0.8* 0.85 0.87
60 0.76 0.76 0.76 0.71 0.73 0.76
Slope -0.198 -0.198 -0.198 -0.2*7 -0.227 -0.198
Intercept 0.5* 0.5* 0.5* 0.67 0.613 0.5*
Correlation 0.99 0.99 0.99 0.99 0.99 0.99

It has been found in practice ASM [87] 1979 that although the value

calculated for the gradient tends to hold true In ell conditions, the



(Linear Scales)

DEVELOPMENT Or FLANK WEAR
TOR DIFFERENT CUTTING SPEEOS
figure 31

figure 32



intercept is subject to a degree of fluctuation from one machine tool to

another and should be used with a degree of caution.

It was therefore possi , by comb ng the known relationship in
terms of graph gradient and intercept between feed rate and cutting speed
and then between cutting speed and tool life for a given component
machinability group, and knowing the base cutting speed at 0.8 mm/rev feed
rate datum point to give a fifteen minutes tool life to generate a cutting
speed appropriate to any tool life and feed rate by interpolation and, if

used with a certain degree of caution, extrapolation beyond known limits

may be used for guidance.

6.2

AL DATA ORGANISATION WITHIN THE IMPS DATA BASE
The parameters derived from the analysis of tool trials conducted

were arranged into the following format within IMPS, all data being held

in sequentially organised floppy diskette text files to max se storage
potential. Figure 33 depicts graphically the data organisation and
variable names allocated to each item of data, the values shown relating
to materials within machinability group 4. This particular arrangement
permits the identification of the appropriate tungsten carbide tool
clearance angle(s) and generation of the correct cutting speed for a given
input of feed rate and tool life for three grades of cutting tool material
from two tooling suppliers (i.e. Sandvikand Seco) by means of following

formulae which form the cornerstone of the IMPS algorithm written in the

Applesoft BASIC programming language:

S - [BUS * (EXP ((LOG (F) - 11/51)))

* EXP (IL + (SL * (LOG (TY)I

The expression yields the correct cutting speed S (m/min) for a

selected feed rate F (mm/rev) to achieve a tool life T (minutes for the
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“hard” tool material. Obviously to obtain the cutting speed appropriate
to either of the other two “classes” to tool material (viz. "standard” and
“tough®) the variables B21S and B31S would respectively replace B11S in

the above expression, and S2, 12, S3 and T3 included also as shown below:-

"Standard” Tool Class:

S - [B21S * (EXP ((LOG (F) -12/52)))

* EXP (IL + (SL * (LOG (NI

"Tough™ Tool Class:

S - (B31S * (EXP ((LOG (F) - 13/53)))

* EXP (IL + (SL * (LOG (D)I

It wi be noted that since the same base speed, slope and intercept
apply to tool grades within the same class from both suppliers, inter-

changeability is an inherent assumption. However, as stated in the

previous section the proving of true interchangeab ty of tooling within
a manufacturing machine shop environment requires a more detailed study, a
subject area which is discussed later.

The first two items of data held in each machinab

ity group files

are virtually self-explanatory; in order to set realistic its upon the
parameters to be selected by any user of the IMPS system upper boundaries,
established from workshop practice, were set for maximum depth of cut and
maximum feed rate in the form of the variable MDOC and MFEED respectively.

The subsequent two variables relate to the tungsten carbide tool

clearance angles recommended for use in conjunction with component

materials which comprises the machinab ty groups. Standard tungsten

carbide inserts are produced in a ited range of clearance angles each
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of which Is designated by a letter according to the 1SO convention as
depicted In Figure 34. Variables WICCg and W2CC? correspond to two such

appropriate letters.

6.3 INITIAL APPLICATION WITHIN THE SHOP-FLOOR ENVIRONMENT

As a result of the i

ti contribution of, in the main Sandvik and

Seco in the form “core data”, a maximum of three grades of tungsten

carbide cutting tool material were identified against each material
machinabllity grouping, the difference between grades being increased

hardness at the expense of toughness. Clearly the advantage gained from

using the harder tool material is that gher cutting speeds may be
operated at, provided the machine tool is not susceptible to vibration

which could cause catastrophic failure, in which case the utilisation of

“hard” tools is obviated and it becomes permiss e to use only a tougher
(and, therefore, less hard) tool material which would withstand the
adverse operating conditions, but would necessitate a reduction in cutting

speed to maintain tool life. Having limited the choice of tool materials

to three grades per component machinabillty grouping, and as later

discussion will reveal, an even more limited choice terms of ceramic

based tool materials, the final choice was very much dependent on a series

of interrelated factors which included

(@ Component and fixture ri

(b) Tool sec up ri

(c) Component material surface condition

Recogn ng the potential complexity of the problem being faced a
decision was made to build a factoring routine into the IMPS algorithm
which made allowances for machining parameters to be encountered, typified

by (@), (b) and (c) above, but including many others as well, in making
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the final tool choice deci

on. While the recognition of the problem was
relatively simple, in hindsight, the achievement of a practical solution
was not.

ative

The very early factoring routines were based on qua

assessments of the macl ng parameters being encountered and the
determination of the appropriate tool grade was dependent upon the rating

given to each condition encountered. In t

al form a rudimentary
handbook was produced which served to guide the system user, in an albeit
somewhat subjective manner, towards the determination of which

classification a given shop floor set-up belonged to.

Equipped, therefore, with a procedure for determ ng the tool
material class most appropriate to a given component/machine tool
combination complete with the necessary logarithmic equations previously

derived,

theory, the correct surface cutting speed for a given feed

rate and tool

e was calculable However, during the course of

implementing the system into the production environment it was found that
there were wide discrepancies in the machining parameters generated by
IMPS compared to the operational standards encountered. OFf particular
concern were the tool life predictions which far exceeded those achieved
in practice; for example, extremes of twenty times tool life (predicted)

in certain cases. As a generalisation such extremes predicted/actual

variances could have been due to:

(@ An irrelevant factoring routine.
() Invalid core machinabllity data from the tool suppliers.

(c) Operational custom and practice.

Wishing to understand the complexities contained in (a), (b) and ()

above a decision was made that for the time being the core machlnab

y

data would be held as correct with further attention to be given to the

factoring routine followed by machine tool operator custom and practice.
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With respect to the factoring routine the decision was made to extend
the concept of rating or factoring from its qualitative base to become

quantitative by allocating numeric values to each of the three afore-

mentioned machine and tool features and, | y, downrating the cutting
speed accordingly.

icative arrangement was the obvious method of achieving the

A mult

downrating or factoring and was based upon the premise that if all three

criteria were rated at maximum (i.e. good component and fixture ri
good tool set-up rigidity and bright and true component material pre-
machining condition) then the tool life obtained should approximate closely
to the results obtained in the ideal cutting tests, each feature was thus

accorded the value of unity and the following expression developeds-

Cutting speed to give required tool life

“ Predicted tool life from logarithmic equations

* Rating for component/fixture ri ty

* Rating for material surface pre-machining condition

Descending values were then given for each subsequent rating for each
factor.

The combination of the handbook guide to support the adoption of this
factoring approach led to an improvement in correlation between predicted
and actual tool life data. Continual feedback from shop-floor tests

further the values accorded to each rating of each factor.

refined st
A further important additional feature noted during the IMPS

validation shop-floor exercises was the tool life variation caused by

component batch-to-batch machinab ty differences. Although there are a

variety of features related to material composi

ion which will affect
machinability the most easily measured is material hardness. The IMPS

data base was thus extended to Incorporate the facility to amend cutting
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speed to compensate for the difference between the workpiece batch
hardness and the mean datum hardness figure of the materials machined

under idealised operating conditions to yield initial data for each

machinab

ty group. In the case of machinab

ty group 1 it 1 be seen
from Section 6.1 that all data relates to a mean component hardness of

110 HB. The compensating factor applied is of the form:-

Index by which to mult

speed to compensate for
deviation of batch hardness “ (1 + ( (Batch hardness -

from machinab

Mean Datum) x .04*))
mean hardness
Compensating figure obtained from tests conducted in conjunction with

cutting tool suppliers.

The cutting speed appropriate to a known batch hardness is the
product of the above index and that speed previously generated from the
IMPS data.

The compensating figures for each machinability group are as follows:

Machinab Tty
Group Number 1 2 3 4 5 6
Compensating
Figure 0.04 0.04 0.05 0.02 0.04 0.02

Nominal Hardness

(HB) 110 150 180 345 200 200
Despite the successful Incorporation of the above compensating figures
into the IMPS data base arrangement, it was still felt necessary to refine
further the factoring methodology, therefore, a far more detailed and

objective method of downrating or factoring was subsequently developed in
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an endeavour to reduce still further the variance between predicted and
actual tool life. Of fundamental Importance was the need to determine
what proportion of the discrepancy between predicted and actual data was
due to substantive reasons (machine age/condltion, tool overhang, etc.)
and how much was due to traditional restrictive shop floor custom and
practice. The former was to be accommodated within the factoring routine,
Che latter to be eradicated by means of a tightening of the standards
applied to the job.

The use of this very detailed, approach, although far too
comprehensive for day-to-day use, at least forced greater attention to
certain problem areas. In an endeavour to improve still further the
correlation between predicted and actual and also use IMPS as the vehicle

for

troducing standardised tooling onto the shop floor in order to

rationalise the pro

feration of grades in use, the following two-part

decision was made:-

@ Rather than pursue the somewhat random approach of attempting to
validate the IMPS core data across a variety of machine tools the
decision was made to concentrate on a single family of machine tools,

i.e. copy lathes, using the IMPS algorithm in the form detailed in

Section 6.5.
(O] A practical balance was required between the two rather extreme

approaches pursued up until this stage for the factoring routines.

6.3.1 Dedicated Cutting Tool Tri

s
The decision to concentrate the IMPS core data validation on this

particular family of machine tools was made for the

lowing reasons

@) Although the two main suppliers involved were extremely

cooperative in terms of supplying SMchinabillty data and supportive
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information they were both very cautious in releasing comprehensive
details of the machine tools used In the formulation of the data In
question, enough to say that assurances were given that all tests
were carried out on single point turning machines against the
experimental test conditions as stipulated In Section 6.1.

Because of tl

ion was made to

level of uncertainty the deci
pursue comparable "In-house” tool trials on single point turning

machines which would meet the power, r

dity, stability, etc.,

requirements to exploit the true potenti

of the cutting tools under

consideration. Of the considerable range of turning machines

available to choose, It was considered that a specific family of copy
lathes would be the best suited to the task at hand.
) The machine tools In question, twelve in all, had an age span of

0 to 20 years and were used to machine a variety of components from

within the six machlnab

ty groupings already established, beit
current activity In groups S and 6 was minimal.
®© Permission was given by local management to use the twelve

machines as a “test cell” allowing alterations to mach

parameters for the purposes of data validation.

This fac

y was particularly usefi for two key reasons:-

(1) Such a dedicated tool tr

facility allowed close observation
of machine tool setter/operator custom and practice.

(11) with the total cooperation shown from management and machine

shop personnel

ke it was possible to monitor accurate flank

wear for a given tool life under specified operating conditions.
Against this background a total of twenty-one tool trials were
undertaken covering a period of several weeks, the results of which,

combined with the Improvements In the modi

ied factoring routine contained

In the following sub-section established a firm platform from which the



IMPS system could be developed. The results of this work and their impact

with respect to the tool supplier™s

machlnablllty data are

discussed fully in Chapter Nine.

6.4 MACHINE TOOL FACTORING ROUTINE

Previous discussion has indicated that while recognition was given at
an aarly stage of the research work to the requirement for a machine tool
factoring routine within the IMPS module the final solution was only

arrived at after attempting several routings through the problem. Initi

attempta were based, in the mai

on of the

upon the subjective op
system user, and this was considered to be a far from satisfactory
solution. Logically the factoring routine needed to be structured in a
framework governed by quantifiable rules, rather than the existing

approach of uti

sing qualitative statements with the inherent danger of
inconsistency.

Whenever discussing the subject of machinabillty data emphasis is
usually placed upon such quantifiable areas as component material
speciflcation/surface condition, cutting tool grade/geometry, spindle/
surface speed, depth of cut, feed rate and other parameters contributing
to the actual “cut”. In studying these items in isolation it is possible

to set up a number of si

ilar machine tools with apparently similar

machining parameters, and yet in practice achieve significantly differing
levels of performance. Clearly a further variable to be taken into

account is the machine itself in that such aspects as machine type,

ion and tool set up mechanisms can radically affect the data at

e to achieve consistent optimum machine tool
performance.

This problem was particularly apparent at Coventry Engine Plant
whare, unlike many metal removal research facilities, the average age of

the plant machine tools used in component production was twenty years



(reference to Appendix A for further details), and in many cases have been
subjected to continuous heavy use. Therefore, in attempting to structure
core machinability data which would have relevance to the factory in
question it was recognised that a machine tool factoring routine would be
required to act as a machinability data "modifying mechanism® for the

machine tool under observation.

6.4.1 1

Development
As IMPS was initially developed for single point turning operations
so the subsequent machine tool factoring routine was based upon the key

design/set-up features inherent within single point turning machines,

although it is considered that many of the fundamental princ
contained are applicable to rather more complex machine tools.
In terms of adopting a quantifiably based solution to the problem,

1 work began by considering the basic machine tool design, and the

key features which affect the achievement of optimum machinab ty

conditions, and at the highest level of focus these were:-

(a) Stiffness
(b) Damping

(c) Forced vibrations

This initial analysis generated a list of 24 factors for consideration

ranging from method of construction and stiffness of the machine tool
elements when reviewing items (a) and (b), to consideration of unbalanced
rotating masses and machine tool age and condition in (c).

st of factors the first direction pursued

Having established ti
was to weight each factor with respect to its impact upon cutting tool
life with guidance being taken from such sources as:-

(1) Machining Data Handbook, Vol 2, [32] 1980
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(il) Koenigsberger [26] 1974
Conceptually, the summation of all the factor weightings equated to
one for a machine tool in theoretically “perfect” condition and other

machine tools in poor relative condition would yield factors as low as

0.5. These factors were then used as machinability modifiers within the
IMPS module in order to reflect operational conditions.

In principle a machine tool factoring routine had been developed

which improved the correlation between the IMPS predicted and actual
results. This was based in the main upon quantifiable factors the
evaluation of which were governed by rules within a system user”s
handbook. Additionally, the information required for the factor

evaluations was readily available to the system user from such sources as:-

(@ Factory records
() Machine tool catalogues

(©) The machine tool itself

However, despite this apparent progress the in-house practical
application of system was met with a high level of user resistance due to
the time taken in collecting the data required for establishing the
overall machine tool factor. Because of this the procedure had to be

reviewed once again.

6.4.2 Machine Tool Factoring Routine as Implemented

The key requirements to emerge through the first stages of

development were:-

@ To maintai

the Improved levels of correlation between the IMPS
predicted, and actual results.

[®) To reduce the level of system detail, and time taken to establish
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the factor, without departing from a quantifiable approach to the
problem.

©) Move towards a more system/user Interactive approach.

With these basic requirements In mind research work progressed, resulting

In the following machine tool factoring routine.

The routine divides the machine and respective set-ups Into four main
categories, and these are listed below with the IMPS program variable name

assigned to them shown In brackets

Machine Structure (MST)
Component R (RR)
Tool Ri an
Machine Condition (MC)

Each of the categories has an effect upon the suitability of the machine
tool to perform a specific operation(s), and each Is examined separately.
Unlike the simple accumulative approach discussed in the previous section,

the results are brought together using the following relationships-

F(machine tool factor) ®= A - B
where A - f(MST, RR, TT)
and B - fQC)

(A) comprises the first three categories which are all machine condition
independent, while (B) is a function of the machine condition and is
machine type/set-up independent.

The above relationship ensures that the condition of the machine has

the same net effect upon the factor Irrespective of the machine type and

set-up. This requirement was identified by observations at Coventry
Engine Plant where three machines were used to support one component

operation, i.e. machining axle shafts. Although all three machines were
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of s

lar design, ut ng s

lar tooling and component set-up

arrangements, one of the machines was in a poor state of repair when

compared with the remai

ng two. Under these circumstances all three

machines had s

lar values for A but in the case of the machine in poor
condition its resulting value for B had a greater impact in terms of
reducing the overall machine factor value.

As with the system described in the previous section, the machine
factor is a real number rounded to two decimal places with a maximum

value of one (which assumes a "perfect” machine), and a slightly reduced

imum value of 0.43. In practice, whenever using IMPS any provisional
machine factor established at 0.65 is automatically declared as “very low”
by the system and the user is given the opportunity to change the

machine and/or the tooling set-up.

The following sections give the actual questions as seen by the user
upon the microcomputer screen when operating the factoring routine,
combined with their adjusted weightings and a brief explanation for
their relative importance.

The four categories as listed previously are examined separately
during the factoring routine, and in total there are eight questions
relating to the machine and its set-up. These are divided between the

four categories as follows

No of Variable IMPS

Category Number Questions Subjects Program Names

1. Machine 3 M/C body material MM

Structure M/C construction cc

M/C mounting ww

2. Component 1 Component r RR
Rigidity

3. Tool R 1 Tool R T

4 3 M/C age AA

Past usage PP

Running condi 00




Each question is dealt with separately, and is shown along with all of the
possible answers and their adjusted weightings, commencing with the best

cond

1. Question: What is the machine body made from?
Answers: 1. Predominantly cast iron (1.0)
2. Predominantly steel (0.975)
3. Other (0.94)
The weightings reflect the fact that iron is a good damping

medium, 1.e

. having less than half of the modulus of elasti

ty of

steel. Although the potential damping properties of such materi

as concrete and synthetic granite are recognised, and accordingly

would be given a weighting of 1.0 (i.e. option 1) neither material

was found to be in use at Coventry Engine Plant. ally the third
category, l.e. other, was added to the factor listings as more of a
cautionary “safety net” for machine tool structures not falling into

the (@) or (b) category and as such would poss

y warrant further

investigation.

2. Question: How is the machine constructed?
Answers: 1. All separate parts (1.0)
2. Separate bed only (0.985)
3. One piece cast body (0.97)

Again this is concerned with damping characteri

damping occurs when mating surfaces move in relation to each other.

Th

is a linear relationship, the joint damping characteristic being

directly proportional to the number of major parts from which the

machine is constructed. Note that this is considered to be less

critical than internal damping from the machine body mater

therefore, explaining why there is a difference in the weightings for



the worst condition in questions 1 and 2, i.e. 0.94 compared to 0.97,
These observations have been taken from the Machining Data Handbook

[32] 1980.

3. Question: How is the machine mounted?
Answers: 1. Bolted and grouted (1.0)
2. Bolted only (0.987)
3. Grouted only (0.975)

4. Free standing (0.96)

The machine mounting affects the machine”s susceptibility to

vibration transmitted through the floor and also the rig

ty of the
machine structure. The weightings are based upon the subjective
assessments, established during the initial work described in the
previous sub-section, with a level of adjustment resulting from
subsequent shop floor experience. Again this factor is not

considered to be as critical as damping.

4. Question: Describe unsupported lengths/diameters of the component.
Answers: 1. Small and solid (1.0)
2. Large and flexible (0.825)
3. Between these (0.92)

The degree of component rig

ity is determined by the geometry
of the unsupported parts of the component. The structural stiffness
of a beam or disc is a function of its cross-sectional area and
overhang:-

i.e. standard mechanical engineering formulae

iftii P B 't
3>T(ED4) D
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where d deflection

P - force on the end of been
L - length of overhang

D= beam diameter

E - modulus of elasticity

k - constant for unit of measure
The answers given previously are quantified in a users guide to
the factoring routine. The relationships are non-linear and are
based upon the above relationship, specifically that between length

and diameter.

5. Question: Describe tooling r

ity.

This is dealt with in a similar way to component r

ity
that a long boring bar is more Inclined to deflect under load than a
short copy tool. The three descriptions of the tooling set-up and

their respective weightings are (TT):-

[€H) Long overhang/diameter ratio (0.825)
(i) Short overhang/diameterratio (1.00)
(H1) Between the two (0.92)

Again, the definition for items (1) to (ill) was given in a

user”s guide.

6. Question: How old is the machine?
Answers: 1. < 5 years (2.24)
2. 6-10 years (2.17)
3. 11-25 years(2.09)
4. > 25 years (2.00)
With respect to this question the machine age could be either
actual age, or age since last major recondition if applicable. The

weightings in this category assume that deterioration of a machine



Cool is fairly linear with age although machines over 25 years of

age tend Co have their condi

ion compounded by gradual wear, rust and

neglect.

7. Question: Describe the past usage of the machine.
Answers: 1. Light (2.24)
2. Moderate (2.15)
3. Heavy (2.00)

These descriptions were quantified in a user™s guide in terms of
feed rate and depth of cut. The relationship between the weightings
is based upon the average rate of metal removal corresponding to each
of the three answers. In addition, note that the overall factor

calculation, age and past usage are mult

ied together to give an

indication of the rigours it has been subjected to.

8. Question: Describe running condition of the machine.
Answers: 1. Normal (0.5)
2. Reasonable (0.43)
3. Poor (0.35)
This is a subjective assessment of the condition of the machine
covering such aspects as bearings, slides, lead screws, motor,

toolpost ri

ty etc.

6.4.2.1 Factor Calculation
After answering the eight questions the IMPS program contains values
for each variable from which the machine factor calculation takes place.
Therefore, a routing through the system would be as follows:-
F(machine factor) - A - B
where A - fAMST, RR, TT)

and B - f2(QIC)
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Element A (machine condition independent factors) comprises

Questions: 1. M/C body material (MV)
2. M/C construction (CC) Machine structure (MST)
3. M/C mounting oy
4. Component rig ty(RR)

5. Tool r

an

Element B (machine type/set-upindependent :
Questions: 6. M/C age »A)
7. Past usage (PP) Machine condition (MC)

8. Running condition (00)

MST (Machine structure) = FAMM.CC.WW)

let MST m MM X CC x Ww

With the weighting ranges assigned to each variable the value of MST

within the overall machine factor equation will be 1.0.

MC (Machine condition) - f2(AA,PP,00)

let AP - (AA x PP)/10

With the weighting ranges assigned to AA and PP the value of AP will
be 0.5, l.e. maximum value of AP 0 (2.24 x 2.24)/10 - 0.5 to one decimal
place.

let AO - AP + 00

As 00 (machine running cond

on) has a weighting value 0.5 then the

value of AO will equate to 1.0

let MC - (1 - A0) x 0.65
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In principle, the impact of the machine condition element of the
overall machine factor equation will be nil for a machine tool in
"perfect* condition, i.e. where AO - 1. Likewise as the value of AQ
decreases, i

e. T2(AA,PP,00)<1 then the impact of MC upon the overall

machine factor equation increases.

The machine condition equation is downrated by a constant 0.65 to
reflect the impact of the variable MC (of a machine in less than perfect

condition) in the overall machine factor equation.

YY (machine factor) = f(A, B)

let YY - (MST x RR x TT) - MNC

As mentioned previously the maximum weighting value of each question

is already predetermined by the maximum poss e factor, e. 1.0 and the

structure of the overall equation for YY. Likewise the minimum weighting

value is determined by the m mum possible factor, 0.43, the
structure of the overall equation, and by the relative overall importance
of each question. Therefore, in the case of the machine condition

independent questions the wider the weighting range, the greater the

impact of the specific factor upon the overall equation,

Question Number Weighting Range
1. M/C body material 1.0 to 0.94
2. M/C construction 1.0 to 0.97
3. M/C mounting 1.0 to 0.96
4. Unsupported lengths 1.0 to 0.825
5. Tool ri 1.0 to 0.825

Within Element A of the equation items (4) and (5) are considered to

have the greatest impact upon spindle speed in practice. It is recognised



that while tl

s may be true for re-tooling existing faci

es, which the
factoring routine is directed towards, a different approach may be
required for decision-making procedures relating to the purchase of new,

technologically advanced machine too

, where the factor weighting
criteria may alter.

Likewise a s

lar analysis of Element B questions will reveal:-

Question Number Weighting Range
6. M/C age 2.24 to 2.00
7. Past usage 2.24 to 2.00
8. Running condition 0.50 to 0.35

Therefore question 8, Running Condition, is considered to have the

greatest Impact upon the machine cond

ion (MC) calculation.

6.5 IMPS ALGORITHM

Previous sections have explained the methodology employed in

obta

ng, analysing and organising into data files the component material
related machining information, i.e. recommended tool materials and
associated cutting speed parameters, etc. Attention is now focused upon
the IMPS algorithm which utilises the data held in the machining files to
identify the tool grades appropriate to the component material being
machined, generates the associated cutting parameters calculating basic

machining times, tool change frequency, etc., and finally ascertains by

means of inspecting the Company Standard Tooling Catalogue via the ARCLASS

system whether suitable tooling is already a standard item wit the

Company. The detail of the f

layouts referred to hereafter are

depicted in Figures 35 and 36. It w be noted that the file named

“MachlInabi

ty Group 4" is an extended version of

gure 33, the

additional data held relating to the hardness speed modi

ication referred
to in Section 6.3, details of the specific force constant (or kg value)

which faci

tates the calculation of power required to remove a volume of
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component materi (and Ita variation with varying component hardness

values) , and finally data related to the maximum depth of cut recommended to

achieve a related final component size and surface f sh tolerance.

A full printout of the IMPS program In APPLESOFT BASIC, utilising the
Apple disk operating system DOS 3.3 Is given In Appendix D. In addition,
a complete routing through the IMPS flowchart Is given In Appendix E and
the materials index creator, machlnabillty group creator and file amender
programs referred to In the following figures and text are contained within
Appendices F, G, and H respectively.

A flowchart to represent the first type of situation to be considered
Is contained In the remainder of this section and details a routing through
the system with a component which requires one “pass” of the tool to remove
the required amount of stock to produce the final component shape to within
specified limits of size and surface finish. The Items of data being manip-

ulated at each point and the floppy diskette based data file from which they

were extracted are given in the following step by step breakdown of the IMPS
flowchart combined with reference to the appropriate lines of the IMPS

algorithm BASIC program.

of CODINGS(1) = NUMBEROFCODESj (1)
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Ac this point of Che algorithm all “page headings® of Che Company
Standard Tool Catalogue are loaded from disk into the microcomputer Random

Access Memory (RAM). The data files in question are created by initially

running the program “Prelim reference to Appendix 1, followed by the
program “Coding System Creator” , reference to Appendix J.
The lines of program 16530 to 16690 are those which enable the

tranferences of data from disk to RAM and the variable names referred to

are those used in Figure 37.

(KK items)

Following on from the previous actions, details of all the workpiece

materials recognised are loaded from disk to RAM. The file "Materials

Index Counter™ which is accessed first gives details of the number of

mater s recognised; this amount of data is then loaded from the file
"Material Index” which contains each material name, the positional point P
which is used in Segment 4 of this algorithm, the material group number,

the mean hardness of this workpiece material, and finally the anticipated
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VARIABLE NAMES USED THROUGHOUT IMPS PROGRAMS
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range of hardness for the materi

(reference to program line number 24561

to 24690).

Numbers 16694 to 17025)

At this point In the algorithm the system user specifies the

workpiece meterlal to be machined. A check Is then made to verify whether

s materi

Is contained wit

the speci

ications recognised by the

“Materials Index” file. Upon finding reference to the material, the

machlnabllity group to which It belongs is determined via the variable MG

previously loaded. The entire contents of the appropriate “Machlnabllity
Group™ file as depicted In Figure 36 are then loaded Into RAM for

subsequent manipulation.
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X(1) - X(26)

(13 upper and lower

As shown, details of the allowable levels of workpiece material
constituent elements are loaded into RAM from the Random Access file
“Constituent Levels”, the appropriate record position being denoted by the

Variable P previously extracted in Segment 2 from the f

“Materials

Index”. The display is in the bar chart form and ut

ises the low

resolution graphics capability of the microcomputer. Although it would

appear logical to incorporate such deta n the f

“Materials Index",

the loading of this complete fi

. which takes place in Section 2 of the
algorithm would needlessly consume 11.2 kilobytes of RAM storage.

(Reference to Program Line Numbers 23010 to 25240).

5 I

splay details of recommended Tungsten

Carbide tool grades ("Hard", "Standard”
and “Tough®) and clearance angles
appropriate to the workpiece material in

question



As stated, this very short section serves to visually display details
of recommended tool grades and clearance angles (according to 1SO
convention) appropriate to the workpiece material. (Reference to Program

Line Numbers 17100 to 17190).

Specify anticipated mean
User Input. hardness of workpiece

material if known

This segment enables the system user to input details of the mean
hardness of the workpiece material if it is known. Such is often the
case, and if input is made, the value entered overrides the value of MH

s Index” in

already held in RAM as extracted from the file “Mater

Segment 2. (Reference to Program Line Numbers 810 to 850).

It was soon realised during the development of the IMPS algorithm

that in many Instances a number operations would be carried out upon one
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machine operating at a fixed spindle speed across a number of diameters (a
prime example being the production, In one pass of the tool, of a multi-
diameter component upon a copy lathe operating at a single rotational
speed) . This situation caused problems for the IMPS system in that since
IMPS generated a single recommended peripheral cutting speed from which a
rotational speed could be deduced from component dimensions, clearly It
would recommend different rotational speeds for each component diameter;

this situation was not acceptable, and thus in such cases the complex

component would have to be translated Into a straight bar requi

same amount of work content. The procedure for achieving such a
conversion is given below as Segment 7a. In the case of single diameter
components or where a multi-diameter component is to be produced upon a

machine with variable speed capabi

ity, Segment 7a is clearly not required.

(Reference to Program Line Numbers 860 to 880 which relate to Segment 7.)

Calculate the "straight bar equivalent”

of a mul

diameter workpiece.

The basis used to obtain the "straight bar equivalent” of a
multi-diameter workpiece is to ensure that the turning and facing content
of the multi-diameter bar is carried out in the form of turning only upon
the “straight bar”. A detailed explanation of the logic underpinning this
translation is given in sub-section 6.5.3. (Reference to Program Line

Numbers 13000 to 13310 which relate to this segment).
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1

Determine maximum depth of

cut allowable on fi

ishing
User operation to enable achievement

of workpiece size tolerance

Input lowed and surface finish MACHINABILITY

requirement as stipulated by 1 GROUP (N) 1

the system user

U values of DC(1), FT(l),

Size Tolerance ST(D
Finish Tolerance (Previously loaded)
Start 0/D
Finish 0/D

The allowable maximum depth of cut is obtained here by exam ng the
values of the variables ST and FT previously loaded and comparing them
with the surface finish FSF and size tolerance TSF required of the
workpiece as stipulated by the system user; a recommended depth of cut
likely to enable achievement of firstly the surface finish is calculated
and then the depth of cut to enable achievement of the size tolerance is

identified; the smaller of these two depths of cut is selected as

appropriate.

Although product Tty max sation should always be sought in
preceding operations, the objective of the final operation is the
production of a quality component - production of scrap in the final
instance destroys all value added up to that point and is thus
economically highly undesirable. (Reference to Program Line Numbers 890 to

1290) .

- 167



Determine “factor® of machine tool

User to be used In performing operation

] by applying numeric values to key

Input machine features. Recommend Tool
Grade

Machine Tool

Features

The IMPS program line numbers with respect to the individual elements

of the machine tool factoring routine as discussed in section 6.A are:-

@) Program Line Numbers 1380 to 1520 recommend the tool material
grade considered to be the most appropriate on the basis of a known
machine tool factor, i

e. factor established on a previous occasion.

If the factor is unknown then the system user is directed

the following interactive sub-routines.

(O] Machine structure section, program line numbers 11250 to 11650.
© Machine condition section, program line numbers 12020 to 12410.
@ Component rig ty section, program line numbers 11660 to 11850.

) Tool ri

ty, program line numbers 11860 to 11990.

Finally, reference to section 6.4.2 wi show that the calculation

for the machine tool factor (YY) to be used with IMPS is given in lines

12420 to 12580 where YY “ f(machine structure, component rigidity, tool

rigidity and machine tool condition).

- 168 -



This section serves to determine whether the depth of cut requested/
recommended previously In section 8 is achievable upon the machine
selected based upon the factor generated. MDOC, the maximum depth of cut
possible under ideal conditions is consequently downrated by the factor
FAi and the resulting value checked against the depth of cut requested
D(CNTR). (Reference to Program Line Numbers 1530 to 1600). It is clear
from the above that if the depth of cut requested is unlikely to be able
to be achieved upon the machine selected, the option is offered to either
change the depth of cut or, alternatively, select a machine of a higher
factor. The latter option necessitates repeating segment 9, i.e. the

factoring routine for the new machine.

Display range of tool nose radius and
feed rate combinations which generate
the necessary surface finish as

defined previously (FSF)
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Provided Che feed rate per revolution does not exceed cool nose

radius, Che formulae

surface finish

18/3 * R * 1000

provides a relationship bftween feed rate, tool nose radius (R) and

surface fi h.
The lines of program 10005 to 10105 hold surface finish constant and
generate feed rates associated with standard tool nose radii which

generate the desired surface finish.

Specify

° Length of cut

User ° Feed rate /  SEQUENTIAL A
* Tool life (Minutes) LI n

Input Confirm that feed rate MACHINABILITY
stipulated is less chan GROUP ()

or equal to the maximum
achievable on the machine
Output nose radius of tool
J
Length of cut MFEED
Feed rate (Previously extracted)

Tool life

In addition to facilitating the input of the length of cut, feed rate
and tool life in minutes by the system user, the lines of program 1850 to

e. that feed

1950 check that the feed rate selected is less than MFEED, i
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rate achievable under lIdeal conditions, multiplied by the factor derived
from the factoring routine.

Based upon the relationship given in section 11, the tool nose radius
which will enable the achievement of the stipulated surface finish

requirement is output.

1

Using the values of the variables for
feed rate and depth of cut previously
inputted, the appropriate tool chip-
breaker style is determined.
As outlined in sub-section S.Q.A a relationship exists between feed
rate and depth of cut, and the style of chipbreaker which will produce
"acceptable” swarf. The program lines 7610 to 9170 contain the logic

required to generate the appropriate BL chipbreaker reference for position

witl the ARCLASS code,

16-61471-BTNA-01 (reference to Figure 46 for

the ARCLASS system routing).

» . H

Generate recommended peripheral

cutting speed appropriate to / SEQUENTIAL N
N~ S\

the tool material grade

recommended from relationship MACHINABILITY

between speed and feed rate

B21s, 12, Ss2,

B31S, 13, S3

(previously loaded)
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This operation Is the cornerstone of the IMPS algorithm. As outlined
In Section 6.1, the cutting speed may be generated to give a fifteen
minute tool life for a material of the mean group hardness by the

expression given In the lines of progrsm 13900 to 14100. The tool

mater grade recommended was of course, generated In segment 9 above.
The cutting speed generated is that associated with an "ideal* machine

tool and component arrangement.

15 1

Modify cutting speed to take
Into account tool life

selected by system user MACHINABILITY

\ GROUP  (N) 1

SL, IL
(previously extracted)
With reference to Figure 36, SL is the slope of the Taylor tool life
curve, and IL the Intercept.

As described In Section 6.1 there Is a relationship between cutting

speed and tool fe as determined by Taylor. This particular portion of
the IMPS algorithm, l.e. program line numbers 14110 to 14160, serves to
modify the cutting speed previously generated to accommodate any
difference between the standard fifteen minute tool life around which all
file based data is originated and the user”s stipulation of tool life

desired.

16, I

Factor down cutting speed to maintain
tool life selected under less than

Ideal™ mach

ng conditions

1
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The purpose of the factoring routine is twofold; firstly, it serves

to recommend the most suitable tooling grade appropriate to the mach ng

set-up and second

, it is use<* to downrate the predicted cutting speed

(which is derived from data obtained from cutting trials under ideal
machining conditions) to maintain the selected tool life.

This secondary purpose may b* considered to be a refinement of the
Taylor tool llfe equations used within the IMPS algorithm an approach

supported by the findings of Mayer [87] 1979 _ "To optimlse a machining

operation, of courae, you must know what conditions to select to get the

maximum output, minimum cost, or whatever is desired. Of course, the main

objective is to maximise profit*- In order to do this, some of the
relationship i8 nee<je<jt such a* speed-tool life curves, to predict new

results once a change is made- While one cannot ever exactly predict what

tool life In the plant I be, based on laboratory results, relative
changes can be determined. On* the reasons for this is that the
constant in the Taylor equation varies with plant conditions. In a study

of nine diff8r8nt laboratories using the same workpiece and tool

mater a family of

ne separate Taylor curves with similar slopes

were obtained. This shows that the constant

the equations Is dependent

upon the machine. Machines in * Production plant will, of course, behave

inas ar manner™.

The program ne numbers 14170 to 14190 are used to factor down the

FNE**@* Anky

sed cutting data to compensate for the detrimental effect

that a mach g set-up, which is less than ideal, will have upon tool

Ufa-
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17.

The final adjustment to be made to the cutting speed Is the
modification required to account for the difference between the mean
hardness of the machinabllity group (around which all file-based data Is
centred) and the mean hardness of the workpiece material (either as
extracted from the diskette file ’Materials Index” or as input by the
system user as discussed in Segment 6). Clearly a “harder than mean”
workpiece material would require the downrating of cutting speed to
produce the tool life desired, and conversely a “softer than mean®
workpiece would enable an increase to be made upon cutting speed without
having a detrimental effect upon the tool life selected. (Reference to

Program Line Numbers 14200 to 14260).

- 174 -



Calculate workpiece rotational speed
and thence the time required to perform

the desired metal removal operation

t

The conversion of peripheral speed to rotational speed is a simple
geometric relationship and program line numbers 14270 to 14280 establish
the time required for the tool to traverse a bar of length L when rotating

at N rpm at a feed rate of F min/rev.*

*0r overriding manual input
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As shown below, the power required to remove the stipulated amount of

is given by the formula

Depth of cut * Feed rate * Cutting Speed
Power =
(peripheral) * Specific cutting force

The final variable, specific cutting force is defined as that amount

of power required to remove a unit amount of materi

from a workpiece and

a value specific to each machinability group, that value being appropriate
to a nominal group hardness. It is clear that any difference between
workpiece hardness and mean group hardness will influence the specific
force or Kg value, and consequently a facility is provided within the IMPS
algorithm (l.e. line numbers 14285 to 14310) to perform such a

compensation. Details of the logarithmic relationship found to exist

between feed rate and Kg value are given in Figure 38.

Calculate estimated tool change
frequency.

Display all inputs and outputs

1

Tool change frequency is simply calculated by d

ing the tool life
selected in minutes (T) by the cutting time (ST$) to give an indication of
expected TCF.

The lin