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Focus

Benchmarking for World-Class
Manufacturing — Concept,
Framework & Applications

S.N. Nandi & D.K. Banwet

World class manufacturing refers to a level of manufac-
turing excellence that enables a manufacturer to com-
pete with a global player. Benchmarking being a
management tool for diagnosis and innovation, helps a
manufacturer to reach above mentioned world class
level, authors assert in this article. Performance and
diagnostic benchmarking with their wide variation of
frameworks could be effectively applied to identify
areas for improvement. Process benchmarking
provides proven practices to a receptive organisation
to bridge the gap between its performance with the one
being achieved by a world class organisation. There-
fore, benchmarking irrespective of any kinds, will con-
tribute greatly to bring about a world class
manufacturing capability.

S.N. Nandi is Director, National Productivity Council, New Delhi and
D.K. Banwet is Prof. and Head, Deptt. of Management Studies, Indian
Institute of Technology, New Delhi.

Manufacturing, a process of adding value to physi-
cal inputs, has got resurgence in the west during 80’s
and onward in the last century, as Japanese manufac-
turing practices having been perceived to be superior to
American ones. A new term, world- class manufacturing
was coined in 1986 essentially to refer to the perceived
successful Japanese manufacturing techniques. Since
then, most of the well known manufacturing estab-
lishments in the world have implemented such manufac-
turing techniques with varying degrees of success.
However, a question has been raised whether world-
class manufacturing should only refer to simple applica-
tion of such manufacturing techniques or it should
reflect certain level of capability that manufacturers
would develop as a result of application of similar kinds
of techniques. Latter view appears to be taking more
creditability in current times. After all, a world-class
manufacturer should have the necessary capability to
compete with global players.

Since global competition is rising with more and
more national economies becoming liberalized and
globalised, it is imperative that a technique like
benchmarking that is recognized as a catalyst for im-
provement and innovation should find a place with
manufacturers to reach a level of world-class status.
‘Benchmarking is used to improve performance by un-
derstanding the methods and practices required to
achieve world-class performance levels’ (Camp, 1995,
p. 15). In fact, it happened with Xerox Corporation,
U.S.A. which invented Benchmarking sometimes in the
later part of 70's. When Xerox Corporation, a pioneer in
Xeroxing, started losing market share to Japanese com-
petitors, it developed the benchmarking tool by which it
could quickly learn many effective work practices from
different sources in order to achieve a level of world-
class performance and regain market leadership.
Benchmarking, therefore, has a legitimate role enabling
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an organisation to achieve world-class manufacturing
capability. Unfortunately, there is hardly any literature
which has discussed the role of benchmarking in help-
ing a manufacturer reach world-class status.

Benchmarking is used to improve per-
formance by understanding the

methods and practices required to
achieve world-class performance levels.

Though India is a country of high potential, its
manufacturers have still to improve their manufacturing
practices a great deal to become world class manufac-
turers. Historically, Indian industries were inward looking
till the end of 1980's. The opening up of the Indian
economy in the beginning of 90's made Indian in-
dustries to look outward. Increasing competition due to
liberalization, privatization, and globalisation has com-
pelled Indian industries to develop export market. Even
in the domestic market, Indian manufacturers have to
compete with world-class competitors. It is, therefore,
imperative that Indian manufacturers achieve world-
class performance in order to survive in the domestic
market and to compete successfully in the export
market. Indian manufacturers have to make quantum
improvements in their manufacturing practices.
Benchmarking could be an appropriate tool to make
such a transition.

World-Class Manufacturing

World-class manufacturing (WCM) is commonly un-
derstood as “advanced manufacturing techniques that
can be adapted and used to elevate a facility’s manufac-
turing performance to world-class levels” (Rubrich, et al,
1998). Quite often Japanese manufacturing techniques
like TQC, JIT, TPM, etc. are regarded as advanced
manufacturing techniques, an application of these tech-
niques implies world-class manufacturing. Sub-
sequently, different techniques like CAD, CAM, etc. have
also been added to the above set of techniques to be
regarded as world-class manufacturing. In fact, Schon-
berger (1986) who coined the term WCM has included
several of these techniques. However, subsequently dif-
ferent authors have included many techniques under
different labels of improvement initiatives in operation as
given in Table 1.

On perusal of the different tools and techniques
mentioned one could easily see no major differences
among tools and practices that are covered under WCM
and those which are not. It is, therefore, believed that

any of these improvement initiatives could be classified
under WCM provided its application could lead to world-
class level of performance in manufacturing.

Table 1: Improvement Initiatives in Operations

Authors Term Initiatives studied

Schonberger WCM CIM, FMS., CAD, CAE, TQM,

(1986) techniques TQC, JIT production, supplier

development, employee
involvement, manufacturing
strategy.

{Gunn (1987) New CIM, FMS, AS/RS, CAD, CAE,
technology CAPP, TQC, JIT, improve
practices supplier quality, human resources,

manufacturing strategy.

Hayes et al Dynamic Learning, human resource

(1988) manufacturing management, CAD/CAM, JIT,

information flows, flexible
automation.

Ettlie (1988) Technical, CIM, CNC, FMS, CAD, CAE,
organisation CAPP, quality systems, JIT in
innovations purchasing, suppliers, human

resources.

Womack et Lean Relations with suppliers, relations

al (1991) production with customers,; concurrent

engineering, JIT, improvements.

Giffi et al Best Manufacturing cells, CAD,

(1990) manufacturing CAE, quality management, JIT,
practices partnership, human assets,

manufacturing strategy.

Aggarwal Hard techno-  CAD/CAM, FMS, CIM, JIT, TQM,

(1995) logies, Soft concurrent engineering, total
technologies  productive maintenance.

Hupton Operations Training, focussed team

(1995) improvement, initiatives, new processes and
Process tools, organisational change,
elements knowledge development.

Bates and Manufacturing  Cellular manufacturing, CAD,

Flynn (1996) Process CAM, TQM, JIT, supplier
innovation management, employee

involvement, manufacturing
strategy.

Source: Filippini, et al, 1998.

Tools and techniques could be effective in delivering
performance results when these are supported by a
consistent set of values and practices. So, values or
principles (i.e., a kind of mindset possessed by a
dominant group in an organisation), and tools (i.e. a
part of actions) are inter-related to one another
(Boaden, 1997). Many authors have, therefore, charac-
terised WCM in terms of values and practices. These
values relate to “the way in which people view their
work and the philosophy that encourages them to seek
out the improvement” (Hayes, et. al., 1996, p. 705). One
of the well known internet sites (Source: ‘What is world
class all about’) has mentioned six beliefs and values
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viz, Quality, Customer as focus, Continuous improve-
ment, Employee involvement, Partnership with
stakeholders and Integrity.

Kinni (1996) characterizes WCM by Three Core
strategies of Customer focus, Quality and Agility and six
supporting competencies of Employees:

¢ Supply management

e Technology

e Product development

¢ Environmental responsibility

o Employee safety

e Corporate citizenship

Similarly, Huge and Anderson (1989) mention two
dominant practices to deliver WCM—continuous im-
provement and elimination of waste. Maskell (1991)
talks about following practices to comprise WCM:

e Focus on Process quality

e Just in time production techniques

¢ Workforce management

¢ Flexibility in meeting customer requirements

Kasual and Motwani (1995) have identified a set of

organisational requirements or critical factors for WCM
implementation. These factors are given in Table 2.

Practices or principles are said to be applied effec-
tively when their applications result in improvement in
performance. Schonberger (1986) states that “world-
class manufacturing has the goal of continual improve-
ment in quality, cost, lead time and customer services
as also the flexibility.” Hayes, Wheelwright and Clark
(1988) identify following key performance attributes of
WCM.

e Becoming the best competitor. (Being better
than almost every other company in the in-
dustry, in at least one aspect of manufacturing.)

e Growing more rapidly and
profitable than competitors.

being more

¢ Hiring and retaining the best people.
o Developing top notch engineering staff.

e Being able to respond quickly and decisively to
changing market conditions. (Being more
nimble than one’s competitors in responding to
the market shifts, pricing changes or new
product development.)

Table 2: Critical Factors for WCM

Factors Definition

Management
commitment

A dedication to empowering people to change;
formulating policies, strategies and monitoring
the progress to ensure that core manufacturing
strategies and business strategies are deployed.

Quality Utilizing a quality policy and plan to improve
current manufacturing capabilities and transfer
authorship of quality to the employees who
produce it. Using quality cost data in design of
new products and development of processes.

Benchmarking information to improve.

Customer
satisfaction

Implementing internal and external customer
assurance plans including dependable
information, rapid response to complaints, and
teams of cross-trained workers empowered to
implement suggestions for improvement.

Operations
flexibility

Incorporating time-based strategies in
manufacturing operations leading to rapid
response of customer order requests and rapid
introduction of new products. Installing methods
and reporting structures that allow reduction in
manufacturing lead times.

Innovation and Incorporating innovation into the corporate

technology culture. Encouraging new ideas, processes and
solutions by all employees of a firm.
Concentrating on state-of-the-art technology and
new applications for use in innovative ways.
Reducing cycle and set-up times.

Facility control  Utilizing cell layouts for efficiency, concentrating
on waste elimination and housekeeping efforts.
Implementing a preventative maintenance plan.
Optimizing space needs to allow for future

growth and less non-value added activities.

Vendor
management

Strengthening relationship with suppliers
resulting in lower inventory levels and cost, and
higher accuracy and turnover. Involving vendors
in the design process and technology and
response needs of the business. Selecting
vendors based on quality and delivery rather
than cost alone.

Price/cost
leadership

Lowering unit manufacturing costs for
competitive market demands. Responding to
customer request fcr higher value and quality
products with more features.

Global
competition

Researching and benchmarking global
competitors. Developing and deploying
strategies that market core competences.

Source: Kasul, et al, 1995.

e Adopting a product and process engineering
approach which maximize the performance of
both.

¢ Continually improving.

Gunn (1987) suggests a number of criteria for
evaluating a company's world-class manufacturer
status, such as inventory turnover, quality defects, and
lead time.
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An influencing section of academicians, led by
Harvard Business School of U.S.A., prefers to look at
WCM with a holistic perspective (Hayes, et al, 1994).
According to them, a distinct manufacturing
‘capability’ in an intended direction offers a competi-
tive advantage to make a firm successful to compete
in a turbulent environment. ‘Capability’ combines
ability and competence (Hayes, et al, 1996, p. 505).
When the ability of an organization to achieve
cooperation and coordination with a team of resour-
ces reaches a high level of perfection through repeti-
tion, capability is developed. Specific kind of such
capability delivers competitive advantages. WCM
should therefore be seen as a level of achievement as
one understands technical excellence on mini- En-
gines with the Honda and the product development
capacity with 3M corporation (Grant, 1991). Giffi, Roth
and Seal (1990) also define WCM from the same
angle. They view it as a “dynamic process that
provides unique values, competitive advantage and
delight to customers and suppliers through the
development of internal operational capabilities that
foster continuous improvements in human assets,
technology, materials and information flows, that are
synergestic with the total business”.

WCM is a dynamic process that
provides unique values, competitive
advantage and delight to customers.

In the light of capability—centered theory, one
coud now understand WCM being a level of
manufacturing capability. Blackmon et al (1999) has
recently defined it as “the point at which a certain
standard of practices and performance has been ob-
tained equaling or surpassing the very best of interna-
tional competitors in every area of a company's
business such that the company has achieved inter-
national leadership and success”. And naturally the
referred point will keep on changing. Based on a
study, termed as ‘Made in Europe’, conducted by
London Business School and IBM consulting group, a
firm may be recognized as a world-class manufac-
turer if it reaches 80 per cent of ‘benchmarks’ in
terms of both practices and performances. Fig. 4
shows the related matrix display. Firms placed at dif-
ferent points on the matrix are known by various
labels. These ‘benchmarks’ are based on assessments
of practices and performances as followed in the
study. Hence, one could see a vital role of
benchmarks and benchmarking in the conceptual
framework of WCM itself.

Benchmark World
Class
Practices to be
80 improved
—— Contenders
Performance
Score Promising
50 | Need to improve a lot
T f
50 80

Practice Score _

Fig. 1. 'Made in Europe’ model

Benchmarking

Benchmarking is a term coined by xerox Corpora-
tion. Webster's ninth new collegeate Dictionary defines
benchmark “as a point of reference from which meas-
urements may be made or something that serves as a
standard”. The most often quoted definition is attributed
to the CEO of Xerox., David Kearns: ‘Benchmarking is
the continuous process of measuring products, services
and practices against the competitors or those com-
panies recognised as industry leaders’ (Fitz-enz, 1993,
p. 26). Camp, the first author of a book on benchmark-
ing, regards benchmarking as an investigative process
to search for industry best practices that lead to supe-
rior performances, (Camp, 1989). But benchmarking is
not understood uniformly.

Spendolini (1992) has found out fourty nine defini-
tions. Many look at benchmarking as an organised
method for quoting data to make comparison for find-
ing out a gap. Others see it as a tool that promotes
learning and stimulates organisation changes (Bogan &
English, 1994). American Productivity and Quality
Centre has defined it as “a process of identification,
learning and adapting a superior practice from others”
(WWW .apqgc.org’). According to them, benchmarking
is essentially an action. Benchmarking includes im-
plementation whereas traditional method of benchmark
setting is an intellectual process.

In line with such a diversity in interpretation of
benchmarking, there are many kinds of benchmarking
that have been listed in the literature. However, a con-
sensus is gradually emerging to the effect that the fol-
lowing four kinds of benchmarking could be sufficient to
cover the whole spectrum (Watson, 1992; Bogan &
English, 1994; Pettersen, 1995; Yarrow, 1999):
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e Performance benchmarking
e Diagnostic benchmarking
e Process benchmarking

¢ Strategic benchmarking

Performance benchmarking is a comparison of
metrics among two or more number of organisations. It
provides a gap in performances which could be sub-
sequently analysed for finding out an appropriate im-
provement action. This is the most understood and
used meaning of Benchmarking.

Diagnostic benchmarking consists of measuring
performances and practices with reference to pre-
defined set of performances and practices and sub-
sequently profiles out areas for improvement.

Process benchmarking, which is alternatively
known as ‘Best Practice Benchmarking’ not only finds
out the gap but also finds out enabling factors and
- underlying processes that contribute to superior per-
formances. Process benchmarking finally results in
formulation of an action plan to be taken up for im-
plementation. This is what has been increasingly
recognised as ‘true’ benchmarking with considerable
potentiality.

Strategic benchmarking compares strategies and
policies pursued by different companies and helps the
company under reference to adapt an appropriate
policy which serves it the best.

Considering all the above definitions, it is clear that
benchmarking is a tool that helps an organisation to
improve its functioning by letting it know the gaps,
areas for improvements and even superior practices to
be adopted for improvement. Manufacturers in the
developed countries have been using one or other
kinds of benchmarking to improve their manufacturing
performances.

Benchmarking is a tool that helps an
organisation to improve its functioning
by letting it know the gaps, areas for
improvements and even superior prac-
tices to be adopted for improvement.

Performance Benchmarking

Performance benchmarking concerns with a com-
parison of performance levels. (Pettersen, 1995)

Manufacturers compare performance measures of their
total manufacturing systems or of their parts against
those of their global competitors. Recently, Ahmed &
Benson (1999, p. 1) have defined benchmarking per se
in a manufacturing context as a “structured process
comparing the performance of similar manufacturing as-
sets against the best in the world, with the intention of
learning and hence continuously improving”. Operation-
al benchmarking, a variant of performance benchmark-
ing, compares one's own micro-opgrations with
another's using physical clearly measurable charac-
teristics such as lead times, variable costs, yields,
defects, physical inventory level, etc. (Hayes, et al,
1996), Physical measures tend to be more creditable
and clearly understood than financial measures. Per-
formance measurement model, thus, used in perfor-
mance benchmarking differentiates its applications.

There are a number of performance measurement
frameworks that are either in use or could be con-
sidered for future applications. Framework wise applica-
tions are as follows:

Du pont’s financial ratio structure based bench-
marking, which is termed as ‘Interfirm Comparison’ is
the oldest and most widely used one since 1950's but
at the firm level. Manufacturing business units all over
the world are using this framework to analyse finan-
cial performances.

Process measurement framework in the form of
quality, cost, time or in terms of manufacturing competi- -
tive priorities — cost, quality, dependability, flexibility and
innovativeness has been increasingly used since 1980's
by both researchers and practitioners. Garvin (1983),
Womack et al (1990), Andersen consulting (1993) and
MIT/Sloan Foundation have investigated various
aspects by carrying out such kind of benchmarking in
industries like Automotive, Auto-component suppliers,
Air conditioners, semi-conductors, computers, steel,
etc. Some of the outstanding manufacturers in the world
are also documented to have been using such
benchmarking effectively (Neely, et al, 1996). For ex-
ample, Chaparral Steel, USA compares itself regularly
with the best steel makers in the world in terms of cost,
quality, service and technology and not just domestic
competitors (Edmondson & Wheelwright, 1989). On the
basis of a benchmarking study, Daewoo shipbuilding
and Heavy machinery, Korea, regard themselves as the
fastest improving shipyard in the world (Hayes, et al,
1996). The Britain’s Best Factories Award, run by
Management To-day/Cranfield School of Management
since 1992, has been using such benchmarking
framework.

Total Productivity Measurement framework espe-
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cially as developed by Sumanth (1984), Prem Vrat et at
(1998), etc. has drawn considerable attention in recent
times. These models have been used for productivity
diagnosis especially in developing countries like Phil-
lipines, Singapore, etc.

Frameworks based on Total Quality Award
Schemes: Malcolm Baldridge National Quality Award
(MBNQA) model, European Foundation of Quality
Management (EFQM) Model, etc, provide opportunities
for performance benchmarking among globally compet-
ing firms. Lobo and Zairi (1999) have used EFQM model
to carry out competitive benchmarking in the air cargo
freight industry. But large scale use of these models
does not still exist. Similarly, Balanced Score card
based framework as developed by Kaplan and Nortan
(1992) is yet to be exploited for such benchmarking.

Performance measurement based frameworks pro-
vide variations in performance benchmarking, Non-
financial measures at an micro-operational level of
manufacturing are going to be increasingly used for
performance benchmarking.

Diagnostic Benchmarking

Diagnostic Benchmarking differs from performance
benchmarking in a sense that the former encompasses
a set of interrelated practices along with performance
measures which alone are covered in the latter. Applica-
tions of such diagnostic benchmarking vary primarily
with frameworks that determine the criteria and assess-
ment procedures for those pre-defined practices.
Framework wise applications are as follows:

Applications of diagnostic benchmark-
ing vary primarily with frameworks that
determine the criteria and assessment
procedures for pre-defined practices.

Quality Control (QC) diagnosis reports, provided by
Deming Prize award committee to participating
Japanese manufacturers since 1950's, may be cited as
the earliest example of diagnostic Benchmarking for
WCM especially in respect of Company Wide Quality
Control (CWQC). More comprehensive Total Quality
Awards and Business Excellence models have come
into being in almost all the developed countries since
the end of 1980's. A large number of manufacturing or-
ganisations are using these models to evaluate their
strengths and to identify areas of improvement. Those
scoring 70 per cent as per the evaluation system of

Vv

People
People
- = —— || Satisfaction [
ment e
(9%) (9%)
Leader- Policy & Proces- Customer E:::
ship [—| Strategy —| ses [—{Satisfaction— oo "h
(10%) (8%) (14%) (20%) )
Resources |r§§qct on
1 (©%) | Society |—
(6%)

&z
~
Fig. 2. EFQM model for business excellence

those models are normally recognised as world-class
organisations. Explicit assumptions are held in all these
models to the effect that better practices drive higher
results. A typical EFQM model, which was introduced in
1992 in Europe consists of nine interrelated ele-
ments/criteria as shown in Fig. 2. A systemic self-as-
sessment procedure is followed in evaluation of
individual elements of the model. The result is a score
between 0 and 1000. This model is claimed to have
been greatly facilitating European manufacturers to be-
come world-class manufacturers (EFQM, 1999).

Schonberger model: Schonberger (1986), a world
renowned author and consultant on WCM has brought
out an assessment model to find out the extent of ap-
plication of WCM principles and practices. He has iden-
tified 16 core principles and practices as follows:

e Team-up with customers/organise by families of
customers or products what customers
buy/use.

e Capture and apply customer, competitive and
best-practice information.

e Dedication to continual rapid improvement in
quality, response time, flexibility and value.

e Involve frontliners in change & strategic plan-
ning—to achieve strategic purpose.

e Cut to the few best components, operations
and suppliers.

e Cut flow time and distance, start up/change
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e

over times all along the chain of customers.

e Operate close to customer's rate of use or
demand.

e Continually enhance human resources through
training and job rotation, for their new role.

e Expand variety of rewards, recognition, pay and
celebration to match the expanded variety of
employee contribution.

¢ Continually reduce variation and mishaps.

e Front line teams to record and own process
data at workplace.

e Control root causes of cost and performance,
thereby reducing internal transactions and
reporting, simplify external communication.

e Align performance measure with the universal
customer wants—quality, speed, flexibility &
value (gsfv).

e Improve present equipment and human work
before considering new equipment and auto-
mation.

e Seek simple, flexible, movable, low-cost, readily
available equipment and work facilities —in mul-
tiples, one for each product/customer family.

e Promote, market, and sell your organisation’s
increasing capability and competence— (every
improvement the result of other fifteen prin-
ciples).

He rates the extent of application at a site in respect
of each of these principles in 0 to 5 scale. Though this
assessment model is quite comprehensive, evaluation
by this model appears to include considerable amount
of subjectivity. However, this model has been widely
used as a benchmarking tool for WCM.

Shingo Prize Model: Like Total Quality Awards
models, another award that evaluates excellence in
manufacturing exists to find out strengths and weak-
nesses. This model, called Shingo Prize model for
manufacturing, has been extensively used in USA, Mexico
and Canada since 1989 (Utah State University, 1996). Fig.
3 gives the framewaork for this model. As shown in the
model, leadership and relationships with other
stakeholders are the basic drivers for making various
initiatives successful. Manufacturing strategy, use of
various so called WCM tools and techniques and inter-
linkages with other non manufacturing functions form the
core aspects of the manufacturing excellence. However,
this model is also criticised for not having given sufficient
importance to performance results as well as for having
considerable amount of subjectivity in evaluation.

Input Core Business System Output
TQM & Mtg. strategy, process Measured
Productivity and systems quality and
management * Mfg. vision and productivity
cultureand | | strategy __y/* Quality en-
infrastructure * Mfg. process hancement
* leaking integration * Productivity
* Empowering * Quality & productivity improvement
* Partnering method integration

* Manufacturing busi-
ness integration

e ]

Output/Outcome

V4

* Measured customer service
* Customer satisfaction

Fig. 3. Shingo's Model for Manufacturing Excellence

PROBE: “Made in Europe”, a report prepared by
IBM consultants and the London Business School
(Hanson, et al, 1994), has provided a unique tool for
diagnostic benchmarking. The tool, which is known as
PROBE (Promoting Business Excellence) has been in-
creasingly used in Europe to assess the strengths and
weaknesses. This tool is based on a simple assumption
which has been extensively validated with the help of
statistical data collected from more than 700 organisa-
tions. The assumption is that an adoption of best prac-
tices in consistence with both Japanese manufacturing
concepts and the customer—driven quality ethos of
Baldrige and EFQM (Blackmon, et al, 1999) will build
up world-class manufacturing capability. The key com-
ponents of the model as shown in Fig. 4 are charac-
terised as follows:

Organisation and culture: With obvious leadership
from the chief executive, a clear vision for the business
is jointly developed and shared throughout the site.
Employees are inspired to follow the direction set and
are encouraged and trained to take responsibility for its
achievement. The measurement of the business is dis-
played for all to see.

Logistics: Relationships with suppliers are built on
the assumption of lasting partnerships. The benefits of
joint activity leading to lower total supply chain costs
are shared. Outbound logistics are capable of delivery
into, for example, highly variable just-in-time retailers.

Manufacturing systems: Information technology
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Total Quality
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Busi-
ness
perfor-
Engineering and mancei
Concurrent m-anufadt:urlng Engineering
information
systems Custo-
mer
satis-
faction
Logistics Engi- Lean
neering production
Organisation and culture

Fig. 4. Best practice model of World-Class manufacturing

Source: Blackmon, et al, 1999.

systems are integrated so that the design process
delivers a workable bill of materials to the planning
process; for example, CAD and CAM can realistically be
spoken of in the same breath.

Lean production: Every aspect of the manufacturing
process that adds cost but not value is systematically
eliminated (e.g. unnecessary movement, counting, in-
spection, paperwork etc.)

Concurrent engineering: The design and develop-
ment process involves suppliers and customers as well
as manufacturing and sales teams. The product will not
only meet customer requirements but will also enable
optimum manufacturing and distribution.

Total quality: With all business processes sharply
focused on meeting and exceeding customer expecta-
tions, a spirit of continuous improvement pervades the
entire business.

Product development: occurs within empowered
project teams using well defined reproducible proces-
ses which incorporate continuous improvement achiev-
ing 20 per cent annum cycle time improvements.

Innovation: is considered as a part of the
organisation’s culture and is encouraged with cus-
tomers being involved in the development of concepts.

Since the publication of the “Made in Europe” report,

coverage of the data base has been extended. There
have been more than 1000 sites surveyed and additional
uses are active in Canada, South Africa and USA. In
addition, a separate but a very similar initiative known as
‘Microscope’ has been developed in 1996 to target at
small scale industries. This tool might have, by this time,
covered more than 300 units in the Europe itself.

Ahmad & Benson Model: Based on the same fun-
damental hypothesis —the adoption of best practices will
result in strong operational performance (Hanson, et al,
1999), Ahmad and Benson (1999) have developed a
benchmarking framework for world-class manufacturing
in process plants. The said framework is qualitatively
described as follows: A world-class process manufactur-
ing plant delivers outstanding customer service from reli-
able assets exhibiting operational excellence. It is
operated by highly-motivated people and always main-
tains its licence to operate by satisfying the high safety
and environmental standards of the process industries
(Ahmad & Benson, 1999, p. 3).

This framework involves measurement of following
three aspects:

e measuring the output of the process which is
the performance in all its dimensions.

e measuring the input practices that area applied
to deliver these outputs.

e measuring the culture and softer issues that en-
sure that the practices are applied and the per-
formance is delivered.

This framework has been used for benchmarking
over 200 process plants in many countries.

Basu & Wright Model: Besides above mentioned
frameworks that have been widely popular in developed
countries, academicians and management consultants
have also evolved many such models for diagnosis
towards achieving world-class manufacturing. One of
such frameworks that have been recently established by
Basu and Wright (1997) is the most comprehensive one
but easy to use. It has 200 questions to be filled up. It is
based on a model defined by them as a total manufac-
turing solution. Total manufacturing solution is the sys-
tematic process of measuring all aspects of manu-
facturing business. The key categories of items included
in this model are:

e Marketing and innovation
¢ Supply-chain management

e Environment and safety

e Manufacturing facilities
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e Procedures, and

e People

As shown in all the frameworks mentioned, assess-
ment of processes and practices is a key issue for diag-
nostic benchmarking. ‘Best Practice Model' of
wofld-class manufacturing as shown in Fig. 4 is the
most popular benchmarking tool for world-class
manufacturing.

Process Benchmarking

Through process benchmarking, organisations
learn by discovering how others operate and then trying
to adopt and adapt this knowledge into their own or-
ganisations. It is essentially an adaptive innovation. It
not only finds out a gap in performance but also enables
an organisation to understand technologies, practices
and other factors that sustain better performances. An
outstanding manufacturer, Chaparral Steel of U.S.A. is
known to have been systematically nourishing relation-
ships with steelmarkers in Europe and Japan in order to
benchmark. The company arranges regular visits to ob-
serve and learn from them. A typical practice is to send
a small team (an operator, a supervisor, an Engineer and
a maintenance technician) to talk with their counterparts
at the target site. The team gathers data on parameters
such as equipment cycle times, yields and inventory
levels, but also examines practices and methods to un-
derstand what lies behind the observed performance
(Edmondson & Wheelwright, 1989).

Though process benchmarking started becoming
popular since early 1980's, its large scale application
got into way only from end of the said decade. MBNQA
provided a big impetus in its use especially in U.S.A.
Today almost all the fortune 500 companies have been
applying benchmarking. Some of these companies like
Xerox, Milliken, Eastman Kodak, etc. have developed
organisation wide infrastructure to facilitate process
benchmarking. Firms in most of the developing
countries are yet to adopt it effectively though they
would require it the most. However, as a part of a recent
world wide research study on ‘Organisational Learning
Capability’, Yeung et al (1999) have illustrated a case of
successful benchmarking by a Korean firm in a chal-
lenging environment. Confronted with odd demands
from key customers, Samsung Electronics (SEC)
decided to introduce a Flexible manufacturing System
(FMS), one of the so called WCM practices, in its
production lines in 1990. FMS was then completely new
in Korea. Organisational environment prevalent then in
SEC was also not conducive for working with FMS. But
SEC undertook a systematic and aggressive
benchmarking initiative in many fronts. It encouraged

employees to learn FMS from academic sources. The
company created joint ventures with exemplary Ja-
panese and U.S. firms. For example, SEC exchanged a
technology of making DRAM Chips for Toshiba’'s FMS
knowledge. It also insisted on the transfer of FMS exper-
tise as part of its sales agreement with targeted cus-
tomers. It entered into strategic alliances with small and
mid-size foreign firms. Finally, its employees mastered
the working of FMS. Gradually, SEC also flattened its
organisational structure and evolved a new culture with
emphasis on employee empowerment and involvement.
After successful introduction of FMS in one of its
production plants, SEC has now been gradually trans-
ferring the knowledge gained to its other plants.
Benchmarking has thus been the dominant style of
learning in this case to introduce WCM technically and
culturally as it should be.

Every process benchmarking has got four key
steps:

e Benchmark WHAT?
e Who/What is BEST?
e How do THEY do it?
e How do WE do it?

There are two predominant frameworks for process
benchmarking existing in the world, though each of
those models centers around these basic steps. The
framework normally followed in U.S.A. is typified by one
used by International Benchmarking clearing house of
American Productivity and Quality Centre (Zairi, 1996) A
study is conducted through following stages for each
process selected by a company:

Planning a study: The selected process is analysed
and a questionnaire is prepared.

Collecting data: Secondary search is made to find
out a partner and a visit is made.

Analysing data: Performance gap and enablers are
identified and a case study is made.

Adapting and improving: Action plan is prepared
and the same is implemented by a team which is espe-
cially formed.

In this 4-step process—centered methodology,
selection of a process, availability of a partner and col-
lection of process information at a partner’s end are the
critical factors. Most of the successful companies have
been extending their cooperation in U.S.A. to benchmark
one another under certain codes of conduct.
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The second framework heavily depends upon Total
Quality Award models lke EFQM, MBNQA, etc. as
mentioned. Best practices in all the areas covered in
the model are collected through self-assessment by the
company executives and the same are shared with
those wanting to improve upon in the same area
(Mann, 1998). This framework has been increasingly
gaining familiarity in Europe, Australia, Singapore, etc.
(APO, 1997).

Irrespective of the framework, process benchmarking
provides a knowledge to fill up the performance gap. It
stimulates an innovation. It is believed to be most useful
for laggards. However, TQOM based improvement culture
should be prevalent in the organisation in order to derive
maximum benefits out of process benchmarking.

Strategic Benchmarking

Strategic benchmarking provides strategic data in-
formation that can be compared to similar information
from other global manufacturing companies. PIMS
(Profit impact of Market Strategy) data base, comprised
of data from 3000 business units all over the world,
provides several useful benchmarks to an organisation
in different functional areas (Bazzell & Bradley, 1987).
But a special mention needs to be made to an emerging
database that is being built up since 1981 to provide
information about manufacturing strategies pursued by
global manufacturers. (Miller, et al, 1992). The data base
is updated periodically as a part of ‘Global Manufactur-
ing Futures' research project. This data base deals with
data on competitive manufacturing priorities, effective-
ness of different initiatives, etc. in U.S.A., Europe, Japan
and a few Pacific countries. More than 1000 manufactur-
ing companies in these countries are regularly par-
ticipating in the project and benchmarking strategic
aspects of manufacturing with others. Strategic
benchmarking helps companies to select processes
where process or performance benchmarking could be
effectively applied to achieve competitive advantages.

Strategic benchmarking provides

strategic data information that can be
compared to similar information from
other global manufacturing companies.

Benchmarking in India for WCM

It is during the later part of 1990’s that the term
‘Benchmarking’ has become popular in India. A few
visits by Robert Camp, world renowned Benchmarking

‘Guru’ as well as some of the promotional activities led
by National Productivity Council (NPC) have made the
term known to Indian organisations. However, the term
has been interpreted a little differently by different Indian
organisations. It is to be noted that most of the Indian
manufacturing organisations have been mostly active in
realigning their quality management systems with 1SO-
9000 certification requirements as a part of TQM drive
during the same period (APO. 1998). There has been
very little improvement culture prevalent in the country.
It is, therefore, no wonder that benchmarking has been
understood by most of the organisations as a tool main-
ly for setting up targets (Nandi & Banwet, 1999). But
there is a handful of organisations who undertook
benchmarking for performance improvement. Nandi
and Banwet (1998) have used it extensively in planning
for re-engineering an Indian not-for-profit organisation.

Based on the available literature and case study
materials under preparation, performance benchmark-
ing has been found to be the most popular among for-
ward looking organisations. Mostly multi-national
organisations and a few large Indian organisations have
been carrying out such performance benchmarking at a
global level to become World-class Manufacturers. For
example, multi-nationals like Gillete, Smith Kline
Beecham, etc. have been benchmarking with their other
national organisations belonging to the same parent
bodies. They compare performances in terms of quan-
titative data to find out the gaps. Gaps are then sub-
sequently  discussed  with  selected national
organisations to find out steps required to be taken to
improve the performance. Some of the Indian organisa-
tions like Indian Oil Corporation, Jindal Steel, etc. have
engaged multi-national consulting firms to benchmark
their operations to find out gaps. Internal groups are
then formed to find out actions for improvement in the
performance.

So far as diagnostic benchmarking is concerned,
very few have applied it for finding specific areas for
improvements. There are three or four organisations
who are working to get Deming awards. Only one com-
pany—Sunderam Clayton Ltd. has already got Deming
awards in India. There are two dozen Indian organisa-
tions who are said to have been working towards WCM
by undertaking periodical self-assessments through the
EFQM model. Two organisations till now have been
found to be reaching more or less towards World-class
manufacturing status (Cll, 2000).

There are very few Indian organisations including
Indian subsidiaries of multi-nationals that have been ap-
plying process benchmarking framework to improve
upon their processes. Modi Xerox and Tata Steel are
two typical examples which have been continuously
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pursuing process benchmarking methodology. Alstom
has also been active in promoting such initiative. How-
ever, a number of Indian organisations especially in the
auto-component sector have been conducting bench-
marking informally with their collaborating firms in order
to learn their practices and processes.

Conclusion

World-class Manufacturing essentially refers to
achievement of globally competitive manufacturing
capability through continuous improvement with invol-
vement of employees by adaptation of various opera-
tional improvement tools and techniques. Application of
such tools and techniques requires a change in the cor-
porate culture and value systems. Mechanical applica-
tion of those tools may not be effective in getting results
to the desired extent. On such realisation, a few forward
looking Indian firms especially in sectors with higher
competition have been building up a culture of learning
and improvement. Benchmarking, being a structured
method of effective learning, is finding wider acceptance
by these Indian organisations.

Besides informal benchmarking which is more com-
mon, performance benchmarking has been the most
widely utilised both globally and in the country. Such
benchmarking provides the gap in performances which
could be, subsequently, subjected to analysis through a
problem solving structure. Many Indian companies are
carrying out performance benchmarking with the help of
consultants which have accessibility to global data base
in the concerned area. However, multi-national corpora-
tions and their subsidiaries are carrying out benchmark-
ing with their counterparts a littte more easily than
others. Diagnostic benchmarking which has hitherto
been popular in Europe Is gaining acceptance in other
continents. Increasing popularity of EFQM model based
self-assessments are now accepted to play an important
role in the country to carry out diagnostic benchmark-
ing. A few organisations in India who have achieved
certain amount of distinction in implementing com-
prehensive TQM process are expected to initiate fruitful
applications of process benchmarking.

Regardless of any specific structure for benchmark-
ing, many Indian organisations are on the path of learning
from others to become world-class manufacturers. Final-
ly, it could be concluded that benchmarking could con-
tribute greatly to bring about world-class manufacturing
capability. Several models and frameworks that are ex-
isting to carry out benchmarking for manufacturing ex-
cellence validate the above assertion. Indian manu-
facturers should, therefore, look at benchmarking as an
essential performance improvement tool and pursue the
same effectively to become world-class manufactures.

Indian manufacturers should, look at
benchmarking as an essential perfor-
mance improvement tool and pursue
the same effectively.
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Focus

Benchmarking & World Class
Manufacturing for Competitive

Advantage

Ajay Pandit, K.K. Khanna & Yun Jing

In the face of an increasingly turbulent and hostile en-
vironment firms are finding it difficult to sustain their
competitive advantages in the marketplace, eg, the best
quality product, the lowest product cost, the shortest
lead-time, the best customer service. Mere incremental
improvements are no more the concern of the
managers. Today they look and aim for breakthrough
achievements. Integration of WCM and Benchmarking
offers tremendous opportunities for attaining distinctive
capabilities and competitive advantages. In this article
an attempt is being made to explain the emerging con-
cepts of World Class Manufacturing and Benchmark-
ing, the integration of which provides today’s leading
manufacturing organisations with a powerful set to im-
prove competitiveness.

Ajay Pandit is a Reader & Yun Jing from China, is a research scholar
at the Faculty of Management Studies (FMS), University of Delhi, K.K.
Khanna is Additional Director (Projects), SAIL.

The irreversible process of liberalisation started a
decade ago has speeded up with the beginning of the
new milennium. The marketplace has become truly
global. There is increasing fragmentation of almost all
markets. Customers require smaller quantities of cus-
tomized products as they want to be treated individually.
Most companies having much wider product ranges,
are introducing new products quickly in a focussed
manner. Information technology driven changes are
ushering in new and exciting challenges for the Indian
manufacturers. Competitive forces require the firms to
deliver superior value to the customers. Advantages go
to the firm that can quickly rethink its strategy for win-
ning while adapting to frequent changes in the competi-
tion. Small and agile information based entrepreneurial
firms now run neck to neck with giant organisations en-
dowed with deep pockets and huge resources (Fahey,
1999). Winning in the marketplace is not measured in
terms of financial parameters alone. Factors that help
inspire loyalties amongst the participants of the busi-
ness system have assumed more importance. Profit is
indispensable, of course, but it is nevertheless a conse-
quence of value creation for the customers. Equally im-
portant is the value creation for the employees,
investors and stakeholders who are the other par-
ticipants of the business.

In the last few years, manufacturing operations have
been managed and controlled through the use of tools
and techniques, such as formal production and
materials planning, shop floor scheduling and control,
and systems like MRP (Manufacturing Resource Plan-
ning) and ERP (Enterprise Resource Planning), with
varying degrees of success. TQM (total quality manage-
ment) methods were implemented to bring the proces-
ses under control and create continuous improvement.

However, of late everything is changing very fast
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and unpredictably. Customers require low volume, high
quality and customised products. These high quality
customised products have very short life-cycles, there-
fore very short development and production lead times
are required. Further, mass production manufacturing
techniques have very bleak future in some of the In-
dustries. This has led to a people intensive, relationship
driven operations. Perfect quality and high levels of ser-
vice are expected and required. Products and services
have become information-rich. Customers have virtually
forced the firms to provide greater flexibility, shorter lead
times, and more varied products and services. To sur-
vive in the fast changing environment, Indian organisa-
tions have no option except to learn and imbibe the best
practices of world class organisations.

The benchmarking concept was created by Rank
Xerox when they found that Japanese competitors were
selling copiers at Rank Xerox's manufacturing cost
price. The Americans investigated, they went to Japan
and learned about the practices of their competitors.
They then worked to improve their own practices rela-
tive to the Japanese. This investigation and learning
process has come to be known as benchmarking and
the operational practices they saw in Japan are now
known as World Class Manufacturing.

Benchmarking

Just-in-Time
Manufacture

Total Quality
Management

Employee
Involvement

Fig. 1. Benchmarking Concept

World Class Manufacturing

World class organisations have to be visionary firms
which are “crown jewels” in their industries and are
widely admired by their peer group and have a long
track record of making a significant impact on the world
around them (Collins & Porass, 1998). To be a world
class organisation, the firm does not have to operate
worldwide or even nationwide. It may be a small local
organisation which leads in its area fields, embraces
and actively demonstrates the characteristics of world
class performance. According to Joyce (1995), world
class performance maintains continued success
through the development of an organisational environ-

ment that is distinctly different to peer and competitor
firms in its philosophy and wealth creating formula.

World class performance maintains
continued success through the deve-
lopment of an organisational environ-
ment that is distinctly different to peer
and competitor firms in its philosophy
and wealth creating formula.

The term WCM has come to mean the pursuance of
best practice in manufacturing. WCM is a term that is
now widely recognised in manufacturing industry but
there is still some confusion about what it actually
means (Schonberger, 1986). A company making the
transition to WCM must undergo many changes. It may
have to change its organisational structure, machine
layout, maintenance procedures, quality systems and
almost every other system in the company. When faced
with the magnitude and scope of these changes
managers often find it difficult to decide where to start.
This is a critical decision because if they begin badly,
the attempt to implement WCM will probably end in
failure. It has been estimated that up to 70% of change
programs fail to achieve their objective (Keegan, 1995).

Better, cheaper, faster.... These are more than buz-
zwords in successful manufacturing organisations
worldwide. To compete and to win in today’s market-
place requires manufacturers to improve productivity
while lowering costs and bringing quality products to
market quicker than ever before. Today manufacturing
strategy must support overall business strategy and in-
deed, many companies are looking to manufacturing to
give them competitive advantage in the marketplace,
eg, the best quality product, the lowest product cost,
the shortest lead-time, the best customer service. WCM
is a way of achieving this competitive advantage from
manufacturing. It is the pursuit of superior performance
in quality, lead-time, cost and customer service through
continuous improvement using principles such as Just-
in-Time manufacturing, total quality management and
employee involvement (Fig. 1). World class companies
optimise the problem solving abilities of their employees
in applying both modern techniques and traditional
industrial engineering techniques.

WCM : Features

WCM concept, traditionally, covered such diverse
areas as:

e Just in Time Manufacture
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o Total Quality Management
o Employee Involvement.

Just-In-Time (JIT) is closely related to “Lean
Manufacturing” which takes this philosophy a stage
further by attempting to eliminate waste in all areas of
the organisation. Total Quality Management (TQM) en-
sures the customer’s needs are identified and that sys-
tems are put in place to satisfy them. Customers can
be external (the final customer) or internal (the next
operation). Employee Involvement (El) means that
employees are given a chance to become involved in
the decision making process.

Total Quality Management (TQM) en-
sures the customer's needs are iden-
tified and that systems are put in place
to satisfy them.

Even though the world class manufacturing and best
practice approaches are based upon the time-honored
concepts of mass production of standard products, a
truly world class manufacturing organisation, in today's
turbulent environment, shall have to be agile as well, to
serve customers with small quantities of custom designed
parts with perfect quality, hundred percent on-time
delivery, and at very low cost. Agile manufacturing re-
quires the company to be world class and using lean
manufacturing methods. This is the starting point. In the
consumer electronics and automotive industries the need
for agility is most apparent. New products are coming
very fast. The range of products is increasing at an
astonishing level. The customers and markets are be-
coming continuously more fragmented and specialized.
Only the innovative and agile companies will survive these
changes. Every product comes in a bewildering variety
of sizes, packs, and variations (diet, low sodium, decaf-
feinated, and so forth). All of these trends lead away from
the old ideas of large factories making huge quantities of
relatively few standard products.

Other industries will need a few more years before
these changes begin to bite, but already the phar-
maceutical industry, the metals industries, garments,
and many others are seeing the start of these trends
through product proliferation and increased customer
requirements for custom products.

Fundamentally WCM is about Leadership. If a com-
pany is serious about WCM its managers will act in a
different way from those in a traditional company. Most
managers are familiar with production bottlenecks and

their effect on the operation. However, there is another
type of bottleneck that can reduce the company's effec-
tiveness significantly but is rarely identified because it is
accepted as part of the system. This is the decision
bottleneck. When all the decision making power is con-
centrated in a few individuals they find it impossible to
cope effectively with the sheer volume of decisions, ex-
plicit and implicit, that must be made. As a conse-
quence, they usually concentrate on operational
decisions, particularly urgent ones, and the important
tactical and strategic decisions are never made. The
company suffers as a result. Empowerment eliminates
this bottleneck.

Many industries and markets are increasingly re-
quiring much greater flexibility and timeliness from their
manufacturers. The need to manufacture small quan-
tities of highly customized products with perfect quality
and hundred percent on-time delivery, and at a low cost
is forcing companies to abandon the old techniques of
mass production. To compete in this changing and un-
predictable marketplace, and to thrive upon it, com-
panies are integrating agile manufacturing methods in
their manufacturing systems. These methods require
highly integrated and flexible technologies of produc-
tion; not necessarily high-tech methods, but highly
capable. To adequately address their customer’'s fast
changing and focussed needs, the company’s people
must be very highly educated and trained, and sig-
nificantly empowered within the constraints of a clear
vision and delineated company principles and goals.
The company itself must have the ability to effect
change rapidly, have highly flexible management struc-
tures, and comprehensive methods of introducing
change and prospering from it. There must also be a
mechanism for readily creating informal alliances with
other companies and organisations—even com-
petitors—to design and produce products and service
that address the needs of customers and the emerging
marketplace. These changes are taking place very fast
in some industries, and more slowly in others. But the
companies that will meet the challenges of the ever-
changing global marketplace of the twenty-first century
are those that are able to become agile in every aspect
of their business. Agility is not a “magic wand” to solve
all ills. It is built upon the firm foundation of world class

To manufacture small quantities of
highly customized products with perfect
quality and hundred percent on-time
delivery at a low cost. Companies

are integrating agile manufacturing
methods in their systems.
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manufacturing methods, coupled with an organisation
that is physically, technologically, and managerially es-
tablished for rapid and unpredictable change.

Benchmarking

Benchmarking is the search for industry best prac-
tices that lead to superior performance. Benchmarking
has been defined as “a continuous, systematic process
for comparing performances of organisations, functions
or processes against the “best in the world”, aiming to
not only match those performance levels, but to exceed
them” (Camp, 1989 and 1995). According to Dr. Carla
O'Dell, President, American Productivity & Quality
Centre (APQC), benchmarking is “the process of iden-
tifying, understanding, and adapting outstanding prac-
tices and processes from organisations anywhere in the
world to help the organisation improve its perfor-
mance.” Benchmarking allows us to analyse and im-
prove key business processes, eliminate waste, improve
performance, profitability and market share. Bench-
marking's strength is that it allows decisions to be made
based on facts, not intuition. The benchmarking process
is of significant potential benefit to industry when used
as a continuous process, as an identifier of areas for
potential change and also as a measurement process to
monitor improvements achieved (Carla O'Dell, 1994).

Benchmarking’s strength is that it al-
lows decisions to be made based on
facts, not intuition.

Practices and processes range from customer
service to human resources, from warehousing and
distribution to leadership. Even industry-specific
processes, such as claims processing in insurance,
are candidates for learning from any organisation that
processes ‘“orders” rapidly, including mail order
houses and banks. Benchmarking is not only com-
petitive analysis or “number crunching,” nor is it
spying, espionage, or stealing. It is truly a process of
organisational learning. Benchmarking offers the op-
portunity for breakthrough improvements—not 5 per
cent or 7 per cent, but gains of 30 to 50 per cent,
sometimes even 300 or 500 per cent! Firms that are
already behind are going to need such breakthrough
gains to catch up, then continuous improvement to
stay ahead. Speed is critical, if for no other reason
than to overcome the enormous inertia of the status
quo. As Jack Welch at GE has said, “Incremental
change doesn’t work very well in the type of transfor-
mation GE has gone through. If your change isn't big

enough, or revolutionary enough, the bureaucracy
can beat you"” (Carla O'Dell, 1994).

Origin

For practical purposes, benchmarking came on the
scene in the early 1980s. At this time, Rank Xerox faced
nearly a fifty per cent reduction in their market share. It
was discovered that unit manufacturing costs were the
same as its competitor's selling price. They realized that
something dramatic had to be done to turn the trends
around. Rank Xerox began, in their manufacturing
operations, a process of competitive benchmarking, by
which they selectively analysed competitor's products,
their operating capabilities, and quality. This was ex-
panded to not only concentrate on meeting a
competitor's achievements, but to identify the means for
creating processes and methods that would allow Xerox
to achieve market superiority. By 1989, Rank Xerox had
won the coveted Malcolm Baldrige National Quality
Award, and had regained the majority of its market
share losses. Rank Xerox, and other successful
benchmarking organisations, realised that it was not
merely copying the most successful methods or prac-
tices that would result in success, but that they had to
fully understand their own company before they could
apply any insight they may obtain of the fundamental
technical, process and cultural characteristics that al-
lowed the best in class to be the best. Understanding
yourself, understanding how the “best” do what they
do, and adapting it to your organisation realities, are the
keys to achieving success. Benchmarkirgy is one of the
fundamental ways of achieving that goal. By 1984, at
Rank Xerox, a corporate wide benchmarking network
had been formed and since 1990 benchmarking has
been totally integrated at all levels. Robert C. Camp, the
father of benchmarking has the largest individual con-
tribution in benchmarking exercises at Rank Xerox. The
use of Benchmarking grew rapidly throughout US since
late 1980s. Benchmarking became a recognised tool in
the development of a continuous improvement process.
Indeed the prestigious American prize for quality, the
Malcolm Baldridge award, has incorporated bench-
marking into its guidelines. In India, benchmarking is a
relatively unapplied technique. It has made a beginning
in a small way in some of the Indian companies (Pandit
& Khanna, 1999).

Understanding yourself, understanding
how the “best” do what they do, and
adapting it to your organisation reali-
ties, are the keys to achieving success.
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1. ldentify what is to be benchmarked
2. Identify comparative companies

3. Determine data collection method and
collection data

Planning

|

Analysis 4. Determine current performance gap

5. Project future Performance levels

6. Communicate benchmarking findings
and gain acceptance

7. Establish functional goals

Integration

8. Develop action plans

Action 9. Implement specific actions and monitor
progress

10. Recalibrate benchmarks

* Leadership position attained

Maturity * Practices fully integrated into
processes

! Adapted from Camp (1989)
Fig. 2. The benchmarking process at Rank Xerox'

The benchmarking process followed by Xerox,
being also the most popular model worldwide, is sum-
marised in Fig. 2.

Steps in Implementation

Before a benchmarking initiative is undertaken, a
sponsor of the process is established. This person must
be sufficiently senior within the organisation to pilot the
process through and to support the findings.
Benchmarking team is established and proper training is
imparted to the team so that the team completely under-
stands the benchmarking process before start of the
study.

Planning phase comprises three steps which are:
identifying what is to be bench marked, identification of
best marketing partners and data collection. In the
Analysis phase, current performance “gap” is deter-

mined and future performance level is projected. During
the Integration phase, the benchmarking findings are
communicated and acceptance gained. The functional
goals are established at this stage. Action phase com-
prises three steps which are: to develop action plans, to
implement specific actions & monitor progress and
finally to recalibrate benchmarks. At the Maturity phase,
leadership position is attained and practices are fully
integrated into the processes.

Effective Benchmarking is an ever increasing
management prerequisite to implementing meaningful
positive change. It is not the latest management fad.
Benchmarking has been around since the early 1980’s
and is widely practiced across the USA, and has been
growing rapidly in Europe, Australia and Asia. The Mal-
colm Baldridge National Quality Award has, directly or
indirectly, earmarked approximately 680 points, out of a
maximum of 1000 points, to Benchmarking activities. In
India there is not much evidence of concerted efforts by
the firms to take advantage of Benchmarking. There is
also need for conceptual clarity amongst the managers.
Training programs, seminars and other such forums can
provide opportunity for bringing managers together for
appreciating and sharing information on vital aspects of
benchmarking.
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Focus

World Class Manufacturing &
Benchmarking — The Philosophy
of Performance Enhancement

Suresh Chand Aggarwal

The key to long-term success is being able to do cer-
tain things better than your competitors can. One of the
most powerful techniques for gaining and maintaining
this competitive advantage is ‘benchmarking’. It is a
standard of business excellence, against which others
can measure and compare their performance. Once the
measurement hurdles are overcome, the organisation
can strive not only to achieve the 'standard’ and close
the gap but also to surpass it and improve its perfor-
mance everyday. But to achieve full benefits of
benchmarking, the firms must adopt a rational and
rigorous framework. Only then world class manufactur-
ing goals, itself a moving target could be realized.

Suresh Chand Aggarwal is with Department of Business Economics,
University of Delhi South Campus, New Delhi.

Companies are now being forced to continuously
improve their manufacturing operations as they aspire
to ‘World-Class' status. They need a strategy that
specifies the kind of competitive advantage being
sought in market place and articulates how that ad-
vantage is to be achieved. Manufacturing strategy today
must support overall business strategy and indeed,
companies are looking to manufacturing to give them
competitive advantage e.g., the best quality product, the
lowest product cost, the shortest lead-time and the best
customer service.

World Class Manufacturing

World-class manufacturing is a way of achieving this
competitive advantage from manufacturing. It is the pur-
suit of superior performance through continuous im-
provement using principles such as just in time
manufacturing (JIT), total quality management (TQM) and
employee involvement, not to mention lean manufactur-
ing, reengineering, bench marking and the team ap-
proach. While some of these improvement efforts have
been successful, the majority has not been. But even
those companies where the effarts have been successful
may have attained just the status of their toughest com-
petitors and lament that they are not ahead. A true
manufacturing strategy, therefore, is a plan for developing

World-class manufacturing is the pur-
suit of superior performance through
continuous improvement, developing

skills and capabilities to do certain
things better than competitors over the
long haul.
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skills and capabilities that will enable a company to do
certain things better than competitors over the long haul.
In this endeavour, the past decade has witnessed a rebirth
in manufacturing, as companies worldwide have
responded to rapidly changing consumer tastes and tech-
nologies as well as intensified global competition by pur-
suing ‘World-Class’ productivity, quality and flexibility as
strategic imperatives.

Looking at manufacturing strategy is the key to
long-term  success. Such superior organisation
capabilities provide a lasting advantage than one based
on something the organisation can build or buy. The
organisation may be able to buy access to a certain
technology, for example, but cannot buy the ability to
use it efficiently, sell it effectively, or advance it over
time. Manufacturing strategy aims and focuses on get-
ting better at the things necessary to defend its attained
position. However, in a turbulent environment, being
world class is not enough; a company also has to have
the capability to change gears—from, for example,
rapid product development to low cost—relatively
quickly and with minimal resources. The job of
manufacturing is to provide that capacity and capability.

As competition continues to stiffen, strategies that
focus on costs will evolve naturally into strategies based
on quality and subsequently on customer satisfaction.
Indeed, this is already happening at many leading com-
panies, e.g. L&T, Amtrex, Crompton Greaves, Citi Bank,
etc. Attention to customer satisfaction, which measures
the quality of customer service, is a logical next step in
the development of quality measures. However, the per-
petual goal of these companies is to achieve measurab-
ly better performance than the rivals. One of the most
powerful techniques for gaining and maintaining com-
petitive advantage is ‘benchmarking’.

What is Benchmarking

Benchmarking involves identifying competitors
and/or companies in other industries that exemplify
‘best’ practice in some activity, function or process and
then comparing one's own performance to theirs. These
results are used as a basis for comparison to provide
targets for performance. The benchmarking exercise,
therefore, means you,

e analyze the position you are currently in

e find someone who is measurably doing better,
and

e learn from them what they are doing to achieve
that performance

e then adapt your practices and processes as a

result of that learning and implement relevant
changes which will effect superior performance
in your organisation.

Benchmarking involves identifying

competitors that exemplify ‘best’ prac-
tice and comparing one’s own perfor-
mance to theirs.

Benchmarking is an active exercise and leads to
positive actions being taken. It enables to close the gap
between how the company is currently performing and
how much better it could be doing. The distance be-
tween these two points is established through com-
parison with the better performers, while closing the gap
is achieved through the changes or adaptations the
company makes to its process as a result of the lessons
learned from the benchmark company. The continuation
of the process enables the company to develop the best
practices for the organisation. This externally oriented
approach makes people aware of improvements that
are orders of magnitude beyond what they would have
thought possible. In contrast, internal yardsticks that
measure current performance in relation to prior period
results or the results of other units within the company
may bring only slight improvement. It could nonethe-
less, simultaneously bring complacency through a false
sense of security among these benchmarked units and
an unhealthy trend of intra unit rivalry instead of craving
for competition in the market place. Benchmarking
could bring benefits to an organisation only if sys-
tematic and rigorous ‘benchmarking’ comparison and
analysis of performance data is carried out.

Internal yardsticks that measure current
performance in relation to prior period
results or the results of other units
within the company could bring com-
placency and an unhealthy trend of
intra unit rivalry.

Since nineties, many national and international
quality standards, like ISO 9001, 9002, etc. and awards
have been instituted as different countries face the
challenge of stimulating manufacturing and service
base to become more competitive in the face of global
competition. These standards provide visible, public
‘excellence’ goals for organisations to aim for, as well
as assessment criteria against which to measure and
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monitor activity. The assessment criteria however, re-
quire more than the immediate performance: trends,
levels and comparisons need to have been monitored
over a period of time—usually three years. The or-
ganisation must show whether and how they have
used the comparative information to help them adapt
their processes and practices in order to achieve
measurable improvements in their own performance,
results and customer satisfaction levels. So in the con-
text of corporate performance, the ‘benchmark’ is a
standard of business excellence against which others
can measure and compare their performance.

New Measurement Perspective

The decision about what to measure is one of the
initial hurdles managers must cross when benchmarking.
In the past, financial performance has been the mainstay
of the success of a business firm and targets were set
for the future on that basis. Generally capital asset turn-
over, net return on direct assets or investment, and profit
per unit of output activities were selected as performance
measurement. But in a changing environment, it became
difficult to identify potential failure points or sources of
problems as they occurred. Realization has dawned on
executives of industries that financial performance by
itself does not gauge the health of a business and repre-
sents only one perspective, among many, on the emerg-
ing scorecard of measures. New strategies and
competitive realities demand new measurement systems.
Market share, customer satisfaction, quality of products,
speed of response and service and quality of working life
become important in determining strategy, promotions,
bonuses and other rewards and are relied as measures
of success.

Today organisations aspire for World class perfor-
mance and strive to improve daily. Continuous improve-
ment must be aligned with the long term strategy and
objectives of the business. No organisation can afford to
utilize resources without regard for its overall health and
development. The focus is on identification and meas-
urement of critical success factors, which enable the
organisation to meet strategic objectives. In defining
measures, management must decide what the key in-
dicators of performance are, how they relate to one
another and how they can be used to track the short,
medium and long-term health of the business. For in-
stance, having identified ‘quality’ as a strategic weapon,
many firms have introduced defect rates, reject rates,
response and delivery time as key measures. So, the role
of benchmarking as a tool to increase competitiveness
is extensive. It not only helps firms compare themselves
on their existing measures with the current ‘benchmark’
performers, it also enables the development of new
strategic measures against which to monitor perfor-

mance. The continuous process would give opportunities
forimprovement that are orders of magnitude unthinkable
otherwise. Hence, benchmarking is transforming
managerial mind-sets and perspectives.

Benchmarking Framework

The ability to replace incremental improvement with
major leaps forward is the essence of benchmarking's
power. However, to gain full benefit, the firms must adopt
a rational and rigorous framework. A typical benchmark-
ing process that has been adopted by many organisations
involves: Planning, Analysis, Action and Review Stages.

Planning Stage

Select the subject area: It is important that not
everything is benchmarked; otherwise it can create lot
of confusion. The organisation should focus efforts
where improvements will bring significant advantage to
the business. Focusing on one single process brings the
best results. A cost benefit analysis about benchmark-
ing can be undertaken. So deciding the broad direction
is important before actual benchmarking starts.

Define the process: Once the area is decided (for
example, innovation, customer service, financial
management), the next step is to identify and define the
processes. It involves—defining the boundaries of
process; agreeing on step sequence, i.e., the first and
last steps of the process; and mapping it.

Identify potential partners: Benchmarking is essen-
tially identifying the best practices and development
based on catching up with it. The best practice could
exist within or outside an organisation. One need not
stop with the competitors in the industry but should also
look beyond their own industries so as even to surpass
competitors. Cadbury, Hindustan Lever, American Ex-
press Travel, Gabriel, etc. did the same. So product
benchmarking may be done with a direct competitor but
for process benchmarking, it makes more sense to look
across industries.

Benchmarking is essentially identifying
best practices. One need look beyond
own industries for process bench-

marking.

Identify data sources and select appropriate collec-
tion method: The objective of this step is to identify and
plan where to find data on the organisations that emerge
from the brainstorming of the previous step. The infor-
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mation may be coming either with mutual cooperation
between two or more benchmarks or it may be out in the
form of balance sheets, trade journals, market survey
findings, media coverage and other databases available
with consultancies.

The Analysis Stage

Collect data and select partners: Once the data is
collected and analysed to eliminate the unsuitable firms
at the previous stage, a short list is now prepared of most
likely potential partners who are performing better at
whichever process is the subject of improvement efforts.

Determine the gap compared to benchmark: At
this stage the objective is to establish the magnitude of
difference.

Establish process differences: The organisation
now tries to establish the reasons or practices behind
the performance gap. What do the better performing
organisation do and why? Many of the answers could
be found in the culture and traditions of these firms.
However, the cultural differences may be too great and
there may be insufficient commitment in the organisa-
tion to effect the degree of change required to introduce
or support the best practice. Alternatively, it may be that
the time and cost required to make the change are
greater than originally envisaged, planned or budgeted
for.

Target future performance: Once the size and na-
ture of the gap in performance is known to an organisa-
tion, it should be able to devise targets that are realistic.

The Action Stage

Communicate to management and other:
Benchmarking would involve introducing and managing
change. The affected employees may resist some of
these changes. Therefore, clear, effective and convinc-
ing communication about changes and consent of
people is essential for success.

Adjust goal and develop improvement plan: In view
of the feedback from the communication, it may become
necessary to make some adjustments in the original tar-
gets. These should be made and incorporated in the final
improvement project implementation plan.

Implement: In view of some resistance, implementa-
tion may not always be easy. Although there are no
magic formulae for successful implementation, unfailing
attention to detail and rigorous follow-through are the
essentials.

Review

Review progress and calibrate: Once the implemen-
tation plan has been followed through, the entire team
should get together to review progress against objectives.
Sometimes it may take several repetitions of the
benchmarking process before the ultimate ‘best’ state is
achieved. This is normal and far better than falling into
the trap of sacrificing success to ‘completion at all cost'.

Benefits & Challenges

Once the benchmarking process is successfully im-
plemented, it is expected to extend certain benefits to
the organisation and to the individuals. Some of these
are: improved performance and profitability; improved
quality of working life; increased efficiency of opera-
tions; opening doors to other organisations; etc. But
senior level commitment is important for initiating and
implementing  projects, which advances the
organisation’s strategic objectives.

Benefits are improved performance and
profitability, improved quality of working
life, increased efficiency of operations.

Perhaps the biggest test for benchmarking today Is
the fact that World-class-performance is a moving tar-
get. CEOs who set eyes on improvement by compar-
ing themselves with the best—even if it is
themselves—in every process must, therefore, institu-
tionalize benchmarking within the organisations so that
their managers can, of their own initiative, seek out the
best practices constantly and close the gap con-
tinuously. Corporates do that in different ways and reap
the benefits of world class manufacturing, e.g., better
quality, shorter production lead times, reduced cost,
higher volume, reduced inventeries, reduced employee
turnover and absenteeism, reduced machine break-
downs, high employee morale, higher sales, higher
profits, better safety, on-time delivery, etc. But in
today's world, nothing is predictable and unfamiliar
competitors emerge from unexpected directions at the
worst possible time. A company should therefore, think
of itself as a collection of evolving capabilities, not just
as a collection of products and businesses, which pro-
vide the flexibility needed to embark in new directions.
Gaining competitive advantage from manufacturing has
taken the shape of a revolution that seems to be never
ending. It is a new philosophy of performance enhan-
cement that is an ongoing, evolving process.

O
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Quality Initiatives in a Manufacturing Unit:

A Case Study

Ayoob Ahmed Wali, S.G. Deshmukh & A.D. Gupta

In the present context of globalization of economy, In-
dian organisations face challenges, which did not exist
before when there was not much emphasis on quality of
products, systems, and procedures. After the liberaliza-
tion process, customer focus has become imperative
for the very survival of any organisation. The paper is
based on a case study carried out to explore quality
initiatives in one of the leading manufacturing organisa-
tions in India producing products used in agri-
processing. The present work consists of a survey
done on the company ratings against critical success
factors for TQM and company practices of various prin-
ciples and techniques of quality management.

Ayoob Ahmed Wali, S.G. Deshmukh & A.D. Gupta are with Mechani-
cal Engineering Department, Indian Institute of, Technology Delhi,
Hauz Khas—New Delhi-110 0186,

Manufacturing sector is significant in a developing
economy such as India. It contributes 30 per cent of GDP
(Gross Domestic Product), [Source: Survey by Tata
Economics Services, 1999] and is one of the largest
employers. In recent years it has become responsive to
market needs driven by competitive pressures. In today’s
environment, quality is the key to an organisation’s suc-
cess and survival. However, quality improvement cannot
be achieved without significant process changes. By
focusing on long-term goals and objectives, an organisa-
tion is better able to compete; provide quality product
and services; develop a positive corporate image;
respond in a timely manner to changes in the
marketplace; and control costs, resulting in a production
system which reduces wastes, reworks and scraps (Hug
& Justin, 1998).

Production and operations management literature
identifies quality as a core content variable having
strategic significance for the operations of a firm (Kanji
et al, 1992). More importantly, profitability is partially
quality driven. The relationship between quality improve-
ment and profitability has been explained clearly by Gar-
vin (1987).

There are many definitions of quality. Each definition
has its own group of supporters. Some typical defini-
tions of quality include:

e Conformance to requirements (Crosby, 1979)

e Degree of uniformity and dependability at a low

Definitions of quality include: Confor-
mance to requirements, Degree of
uniformity and dependability, Product
performance which results in customer
satisfaction.
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cost with quality suited to the market (Deming,
1986)

e Product performance which results in customer
satisfaction (Juran & Gryna, 1995).

Garvin (1984) has analyzed various quality defini-
tions, and classified them into five categories:

e Transcendental: excellence, the highest stand-
ard.

e Product-based: dependent on the attributes.

e User-based: satisfying the want of a customer,
fitness for use.

e Manufacturing-based: conformance to require-
ments.

e Value-based: value for money.

Garvin (1987) has also listed eight important quality
dimensions: Performance, features, reliability, confor-
mance, durabllity, serviceability, aesthetics, and per-
ceived quality.

Organisation Profile

A case study was done to assess quality initiatives
of a leading organisation engaged in manufacturing of
agro-processing machinery. The company XYZ Ltd. is a
BT (Business Today) 1000 company with an annual turn-
over of Rs. 1272 crores in 1998-1999. The break up of
the engineering changes Iinitiated by the company in
each of the past five decades is as follows:

1944-1954 (Creation): The launch of the Company
as an agency house in 1944, The Company also set-up
its first industrial venture in equity collaboration with
Germany.

1955-1964 (Automation): The company goes public:
A full-fledged manufacturing orientation takes place with
commencement of company’s own brand of tractors.
The company joins hand with another company to
produce India's most advanced pistons required for
automobile sector.

1965-1974 (Consolidation): Manufacturing of trac-
tors was started in the 70's with the collaboration of a
USA based company Employees Ancillary Ltd., a unique
venture in industry democracy comes into being.

1975-1984 (Diversification): With an alliance with
JCB for India’s first Excavator traders for railway tracks
with Japanese collaboration. XYZ become the country's
largest Motor Cycle Manufacturing company. Acknow-

ledged leadership in automotive ancillaries’ pistons and
Goetze rings.

1985-1994 (Globalization): XYZ Ltd. enters Into joint
venture with buy back arrangement with a company for
Harvester combines in USA and another company in
hydraulic valves providing an entry into world market.

1995 on-ward (Challenges and Competitiveness):
Journey towards the quality system ISO 9000, from 1994
to 1998, where XYZ got ISO 9001 certificate in January
1998 from the certification body of TUV Management
Service GmbH-—Germany: for design, development,
production, marketing and internal finance. Also XYZ is
on the way to getting 1ISO 14000, for their effort to protect
the environment.

The following summarises the philosophy of the
company:

The company's works will be profitable, efficient,
and environmentally aware. The company would aim for
being an innovative leader in the national and interna-
tional market with the aim of providing all customers,
internal and external, with quality products and services,
and ongoing continuous improvement process, keeping
in mind the vision, which is to build a strong and unified
industry that would not only withstand all difficulties but
also fulfill its responsibilities to the society and nation at
large.

The company profile Is summarized in Table 1.

Table 1: Profile of XYZ Ltd.

Location North India

Product Range Tractor, Piston rings, Automotive
Shock observer

Annual Turnover 1272 crores

No. of Plants 10 plants

No. of Employees 2500

No. of people in quality dept. 120
Production rate
% Rejection rate

12000 units per year
= 1.24

History of Quality Management

The quality journey was initiated as soon as XYZ
started manufacturing process, realizing that producing
good quality products free from defects, and providing
reliable after sale services is the only way of doing the
business and satisfying the customer. From 1994 the
journey for 1ISO 9000 certification was started which
moved on till the year 1998 when the company became
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an ISO 9001 company, for applying Quality System for
design, development, production, marketing and inter-
nal finance.

The success of quality programme and 1SO 9001
certification were due to the manufacturing facilities
being modernized in accordance with global norms.
The company has made substantial investments in R&D
to incorporate state-of-the-art technology in the
manufacture of new models. It has also introduced Busi-
ness Process Reengineering via TQM for product and
process upgradation.

The success of quality programme and
ISO 9001 certification were due to the
manufacturing facilities being modern-
ized in accordance with global norms.

The quality policy of the company, states,

“We shall strive to continuously improve to meet the
ever rising expectations of our customers at the
lowest possible cost.

Each one of us must fulfill the needs of our cus-
tomers, both Internal and External, with the highest
degree of commitment, thereby creating a Quality
organisation geared to ensure total customer satis-
faction and sustained health and prosperity of our
business”.

The clarity of quality policy and support from the
top management have helped in wider acceptance of
quality concepts amongst employees. The key to im-
proving quality is to improve processes that define,
produce and support the products.

All people work on following principles:

e Get processes “in control”

e Work with other employees and managers to
identify process problems and eliminate them

Managers and/or Supervisors work on processes by:

¢ Providing training and resources to employees.

e Measuring and reviewing process performance
(metrics): A number of indicators are employed

e Improving process performance with the help of
those who use the process. This is done by:

e Defining the process

e Measuring process performance (metrics)

e Reviewing process performance

o |dentifying process shortcomings

e Analyzing process problems

e Making process change

¢ Measuring the effects of the process change

e Communicating both ways between supervisors
and users

Performance Metrics: The organisation is oriented
towards customer satisfaction in terms of providing
high quality products, at reasonable price, delivery on
time, and providing after sales training and services. In-
novations in new projects are highly encouraged.
Financial metrics plays an important role in success of
any organisation. The company's profit has improved
from Rs. 71 crores to Rs. 167 crores in just three years
representing a 135 per cent improvement. The com-
pany achieved a profit of over 10 per cent on sales
with only 60 per cent improvement in turnover. Reser-
ves have grown from Rs. 182 crores to Rs. 731 crores
during this period.

Quality Improvement Teams: To increase quality
process, statistical process control (SPC) teams were
formed. These teams were cross-functional. In 1996 the
concept of quality circles was introduced whose main
focus was on process improvement with the help of
quality management principles.

Quality Tools: The company practices several types
of simple quality control (QC) tools, such as control
charts, cause-effect diagram, histograms etc. Operators
are trained to use tools. For easy acceptability and un-
derstanding, simple instructions are given in Hindi.

Reward System: The company has different types of
reward systems based on the company policy to en-
courage the staff for improvement and innovation in
their jobs. The incentives are in terms of recognition and
monetary benefits. Some of them are: Suggestion
schemes award, Housekeeping award, Best safety
award and Best Employee of the year award.

Experience and advantages with ISO 9000

e Systems and procedures are documented and
being followed
e Paint quality improved

e Reduction in rejection, rework, machine break-
down
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Total Employee
Involvement

Customer Focus

h 4

Measurement |(——)

Fig. 1. Quality Pillars and Quality Strategy

* Reduction in rejection from vendors
e Improvement in straight pass ratio
¢ Response time to customer complaints reduced

e Improvement in spare parts availability to cus-
tomers

e Faster action on design change request and
design changes

e Better internal and external customer satisfac-
tion as reflected in low employee turnover, im-
proved morale, less number of complaints from
customers, operators etc.

Other Quality Concepts: Sessions on TQM aware-
ness and related concepts are held every three months
for the managers, staff, and workers through various
training programs. So there is a high degree of aware-
ness of concepts such as, Quality Circle (QC), SPC,
TPM, BPR, IT, and Kaizen which play an important role
in continuous improvement process.

In brief the quality strategy and pillars which are
followed by the company can be represented as in
Fig. 1.

Methodology

Field visits to the unit were organized in conducting
the case study. Fourteen persons from different sections
and departments, with different specialization and work
experience participated and filled in a structured ques-
tionnaire and this was followed by interviews and infor-
mation discussion.

The objectives of the questionnaire were to assess:

e How the participants rate their organisation’s
current degree of practice in Quality manage-
ment against each factor.

e Important performance indicators (how fre-
quently they measure it and how they rank
them)

» Practice of quality management principles, tools
and techniques.

Fig. 2 gives an overview of the methodology adopted.

Systematic Continuous
Support Improvement
Through
Quality Initiatives Taken :
By Documents, Discussion

XYZ

Perception about Various
Measures on these
Quality Initiatives

Interviews, Questionnaire

e

Measurement of this

Perception Questionnaire, Published reports

Fig. 2. Methodology Adopted

The questionnaire had three parts: First part in-
cluded basic information about the organisation
(demographic variables), Second part listed 69 items on
different types of quality related elements on a five-point
interval scale which were grouped into 23 headings, and
Third part included statements about the performance
system. This questionnaire was pre-tested based on
feedback from academia and industry.

Discussion & Results

Table 2 gives the descriptive analysis of 23 factors,
wherefrom columns 2 and 3 show the mean value and
standard deviation in decreasing order of the mean
value, the first seven values having mean value equal or
greater than 4.00, while the remaining factors have a
mean value between 3.00 and 4.00, and only factor 23
has mean value of 2.96. Coefficient alpha in column 4
shows the Reliability (Internal consistency) measure for
the facgtors. Nunnally (1967) suggests that reliability
coefficient of 0.6 is sufficient. The values of alpha in
each case indicate, therefore, that each factor is a suffi-
ciently reliable measure. Only factors 15 and 18 show
values less than 0.6, however this does not mean that
these two factors are not reliable. The small values are
due to the small number of participants in comparison
to the number of factors. Column 5 gives KMO value for
sampling adequacy. KMO values of 0.7s - 0.8s range are
considered ‘meritorious’ those in the 0.6 - 0.7 range
being ‘middling’ (Kim & Mueller, 1978). It should be
noted that KMOs of 0.5 are rather poor, although not
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Table 2: Mean and Standard Deviation for Critical Factors for XYZ

Factors No. of tems (N)  Mean" Std. Dev. a KMO value
1. Personal/unit performance perception 3 4,270 115 889 513
2, Future enterprise vision 3 4.237 17 781 837
3. Process measurement/qualification 2 4.175 .050 778 .500
4, Process benchmarking/quality auditing 2 4.105 .050 982 .500
5. Quality policy 3 4.027 231 891 629
6. Peer performance perception/system stability result 3 4.023 .146 851 523
7. Quality task resources 3 4.000 .185 688 649
8. Awareness of quality strategy 4 3.965 .135 820 579
9. Innovation 2 3.857 202 962 .500

10. Customer satisfaction sensitivity < 3.823 331 .800 621

11. Quality process alignment 2 3.820 .255 .690 500

12. Supervisor's supportive role in quality Improvement 5 3.760 377 702 499

13. Quality involvement of leaders 4 3.731 137 947 .862

14. Social/moral maturity 2 3.640 .099 614 .500

15. System feedback coordination 3 3.629 410 .505 494

16. Communication/information sharing 3 3.593 .146 .847 679

17.  Work unit delight 3 3.567 145 .886 .726

18. Ethical work culture 3 3.500 140 515 .504

19. Organisational health/work stress 2 3.460 .354 T2 500

20. Quality rewards/recognition 5 3.416 .225 .866 630

21. Attitude/Morale 4 3.375 .386 .806 .604

22. Total quality ecological sustainability 4 3.360 .297 .829 .500

23. Peer team support 2 2.960 1.061 .609 .500

(*) on scale (1 to 5)

a = Cronbach's alpha value (Nunnally, 1967)
KMO = Kaiser-Moyer-Olkin Measure (Kim & Mueller, 1978)

Table 3: Quality Initiative Undertaken by XYZ

Initiatives Measures Percentage of respondents
using the measure
Use of team processes e Number of team activities 21.4%
e Perceived effectiveness of team processes 35.7%
e Outcomes of team activities 71.4%
Focus on internal customers e Awareness about internal customers among staff 57.1%
e Perception of internal customers about quality service 64.3%
Common understanding of e Awareness of concept 28.6%
quality as satisfying the needs of o  Ability to express customer needs 92.9%
external customer
Understanding of customer needs e  Ability to express customer needs in decisions in terms of 78.6%
internal activities and measurements
Ability to meet customer needs e Improvements in customer satisfaction measures 92.9%
Emphasis on use of data and e Extent of training in use of data 21.4%
understanding variation in e Extent of application of data analysis 35.7%
e e Understanding of the impact of variation on decision-making _ 64.3%
Understanding of organisational e Documentation of processes 21.4%
processes e Awareness and understanding of documentation 85.7%
e Knowledge of undocumented features of processes 14.3%
Understanding techniques of e Training and application of techniques of improvement 42.9%
improvement, and ability to e Understanding of how techniques can be applied to major 57.1%
improve processes with the aim of improvement in customer satisfaction
e Evidence of improvement 64.3%
Ability to reduce variability of e Evidence of reduced variation and increased reliability 78.6%
products and services to provide
greater reliability
Ability to reduce waste e Evidence of reduction in waste 92.9%
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Table 4: Effect of Quality Initiative

Before After

Rejection Rate (%) 4-5% 1.24%

Profit (Rs. Crores) 71 Crores 197 Crores

Reserves (Rs. Crores) 182 Crores 731 Crores

Net Sales & Business Income (Rs. Crores) 1105.6 1295.8

Manufacturing expenses (Rs. Crores) 2313 279.2

Customer Satisfaction (No. of complaints) 7 3

(Delivery Response Time) 1 month 15 days to 20 days

Man Hrs Lost 560 50

Safety (Injured persons) 4 Zero

Table 5: Performance indicators, used by XYZ

Performance Indicators Total Ranking  Quarterly  Monthly Weekly Daily

Measures Score

Financial e Inventory margins X

Performance e Product turnover X
e Revenue 118 | x
e Expenses X
e ROl NPV, IRR X
e Gain in market share X

Customer e Lead time X

Sesiaction e Quality 113 I x
e Delivery time X

Operation o Quantity of work X

npneai?;rfr:;:‘:iilg e Quality of work b
e  Flexibility 113 I X
e Receptivity X
o Dependability X
o Work attitude X

Productivity e People productivity X
e Material productivity 94 I} X
e Machine and equipment productivity X

Innovation/ e Emerging technology

Technology e Cycle time (product introduction, 89 W

research & development)

Human e Employee morale X

Fssource e Turnover 73 v X
e Commitment X

Impact on e Safety of the environment X X

Soclety e Safety of worker X
e Response to Culture change 65 Vi X
e Economic advantage X
e Improvement towards quality of work life X

Ranking is computed based on total score where
Total Score = ZRi x wi; Ri = 1to 10 Where R1 to R10 are the ranking crder from the highest (1) to the lowest (10) and w = weight given to
the metric on a scale of 1 to 10 (10 for the highest and 1 for lowest important).
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Quality Initiatives

« use of team processes
e« focus on internal customers
e understanding of the organisational

processes
Theough e emphasis on data and understanding Re?:lts »  Customer Satisfaction
Critical of variation « Operational Performance
Success - i
Factors 3 . ability to reduce variability of products/ «  Productivity
services

« techniques of improvement
« ability to reduce waste
e understanding customer needs

e quality as satisfying the needs of
external customer

e ability to meet customer needs

Metrics

e Financial Performance

¢ Innovation/Technology
¢ Human Resource
e« Impact on Society

Benchmarking (Internally &
Externally)

Fig. 3. TQM Model

unacceptable, this is because the number of factors is
more than the number of cases.

Kaiser-Moyer-Olkin Measure (KMO value) is used for
testing the construct validity of the factors. (KMO is a
measure of sampling adequacy, and it is used to measure
the adequacy of the sample for the extraction of factors).

The quality initiatives to be taken by the organisa-
tion, were evolved after a series of brain storming ses-
sions. These measures are given in Table 3. As a result
of these, the performance of XYZ improved in several
dimensions. This is evident from Table. 4. The TQM
model (Fig. 3) pre supposes that there is some system
for performance measurement in place in the organisa-
tion. A prioritized list of such measures is given in Table
5. The system amply captures the performance on a
variety of dimensions (both financial as well as non-
financial). As expected, the financial measure is most
important for this manufacturing organisation. This is
followed by customer satisfaction and operational per-
formance. Interestingly, productivity is at the third posi-
tion. The way these measures are actually computed is
given in Table 5. This table also indicates the modal
frequency associated with each measure.

Conclusion

Imperatives for quality initiatives are to maintain/sus-
tain competitive edge, streamline processes and cyt

down costs. Ability to meet customer needs, under-
standing of the organisational processes and ability to
reduce waste have been considered most important in
their quality improvement journey. The quality journey in
the organisation under study began with a clear state-
ment and quality policy and support from top manage-
ment. The employees were involved through small
improvement teams and quality circles. As a result of
these initiatives, the financial performance of the com-
pany as well as customer satisfaction have improved.
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JIT Elements in Indian Context:

An Analysis

Vikas Kumar & Dixit Garg

JIT is a production methodology which aims at improv-
ing overall productivity through elimination of waste of
all kinds. Difficulties in implementation of JIT are due to
“work culture” of country and available production
facilities. Therefore, JIT implementation problems of in-
dustries of developing countries may be different from
these of developed countries due to lack of technology,
low productivity, inferior quality and faulty criteria of
decision making etc. This paper takes a closer look on
JIT implementation problems and benefits in Indian
context.

Vikas Kumar is a Lecturer in Production Engineering Department at
Government Polytechnic, Jhajjar (Haryana). Dixit Garg is a Lec-
turer in Mechanical Engineering at Regional Engineering Col-
lege, Kurukshetra.

Improvement in productivity is the aspiration of any
industry. To achieve this, effective and economical tech-
niques are required. A number of productivity improve-
ment techniques are prevalent in industries. But special
attention should be given towards JIT (Just In Time)
manufacturing system that has great potential to per-
form well in Indian context. JIT is not a technique or set
of techniques of manufacturing, but is an advanced ap-
proach or philosophy which embraces both new and
old techniques and provides a wide range of benefits by
renovation of existing manufacturing system. A more
simple definition of JIT is “‘an approach that ensures that
right quantity is purchased at right time and there is no
waste"” (Voss, 1990). Waste is found in our conventional
approaches to design, purchasing, job assignment,
plant configuration, equipment selection, maintenance,
scheduling, accounting, product line development,
material handling, material control, shop flow control
etc. JIT improves productivity through elimination of
waste of all kinds.

It can be seen that no one technique can stand
alone. JIT production is also a combined effort of some
subtechniques like cellular manufacturing, kanban sys-
tem, group technology, set up time reduction etc. Cel-
lular manufacturing is based on Group technology. In
cellular arrangement, cells are formed to produce a
family of parts of similar design and/or manufacturing. A
family of parts for a cell is determined by group technol-
ogy on the basis of their ‘'sameness’. The cells are linked
to each other through an ordering and delivering system
called ‘kanban’. High fiexibility, proper division of work
and responsibilities, effective inventory control are main
characteristics of these subtechniques. In short, JIT
manufacturing system entails the combination of some
techniques in area of manufacturing, production control
and purchasing which have common goals of high
productivity, high flexibility and perfect quality at low
cost, based on the principles of elimination of waste of
all kinds and continuous improvement.
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Need of JIT in Indian Context

Developing countries like India, Brazil etc. are
restructuring their economy to face competition in
global market and to increase the level of privatisation.
Consequently, Indian Industries have been pushed from
protected market environment to uncertain and com-
petitive global market environment while they are
plagued by shortage of resources, lack of advanced
technology as they are still using traditional manufactur-
ing systems like product layout, process layout, con-
tinuous process etc. The price for adaptation of these
traditional manufacturing system is paid in the form of
long work in process, large in process inventories, lost
orders and poor quality. Thus the opening of Indian
economy poses new challenges and opportunities for
Indian Industries because high competition and market
globalization greatly affect profit margins.

Most Indian Industries were practicing ‘mass produc-
tion strategy’ earlier. But this strategy is not practicable
in the present globalised environment because three
basic conditions must exist for feasibility of mass produc-
tion strategy. These are Less variety of products, Large
order quantity and Long product life cycle. Now large
variety of products are available in market, causing less
order quantity. On the other hand, product life cycle
become shorter because products cannot draw customer
attention for a long time period due to continuous im-
provement in design of product, technology advance-
ment and individual taste of customer. Such environment
makes it difficult to forecast the exact demand of a par-
ticular product. The most effective and economical solu-
tion of this problem is adoption of ‘stockless production
strategy’. This strategy works as a mechanism to manage
demand in form of uncertain orders and provides good
results, when product varieties are increasing and product
life cycles are becoming shorter. But ‘stockless
production’ is only possible in JIT environment . It is,
therefore essential to implement JIT techniques to rescue
the Indian Industries from precarious conditions. In short,
JIT has emerged as a productivity improvement tool for
the manufacturing sector in the context of recent reforms
of Indian economy.

JIT has emerged as a productivity im-
provement tool for the manufacturing
sector in the context of recent reforms
of Indian economy.

Survey of Indian Industries

JIT philosophy originated and developed in Japan

where advance production system and quality manage-
ment have deep roots due to unique working environ-
ment, availability of multifunctional workers, high level of
literacy and high level of automation. In such conditions,
implementation of JIT elements is comparatively easier
than in India. Some questions related to JIT have great
significance in Indian context. These are:

e What are the essential elements of JIT and re-
lated benefits?

e Which are the JIT elements difficult/easy to im-
plement in Indian context?

e Which are the most expected benefits, playing
major role in Indian context to set the profit
margin?

Methodology

A survey of Indian Industries was conducted on the
basis of available list of JIT elements and related
benefits which were identified by Garg and Deshmukh
(1999).

The main objectives of the survey were to identify:

o those JIT elements which are highly difficult to
implement;

e those which are easy to implement in Indian
context, and

e to identify the most expected JIT benefits, in In-
dian context.

A questionnaire was prepared and mailed to 50 dif-
ferent companies including Swaraj Mazda, Ropar; Atlas
Cycle, Sonepat; Parle Biscuits, Bahadurgarh; Mark auto,
Gurgaon; HMT, Pinjore; Haryana sheet, Sonepat; High-
Tech gear, Bhiwadi; Hero Honda Motors, Dharuhera etc.
Majority of the surveyed companies were around Delhi
and Chandigarh for logistic reasons. In all, twenty two
responses (response rate = 44 per cent) were received.

Table 1: General profile of Companies

Types of company Automobile (4) Heavy machines

Textile (2) other (11)

Maximum (2500) minimum (1)
average (158)

Maximum (6000) minimum (25)
average (938)

Maximum (10%) minimum (2%)
average (6%)

Maximum (15%) minimum (4%)
average (8%)

Annual turnover
(in crores)
Number of employees

Percentage of scrap

Percentage of rework
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General profile of surveyed companies is given in
Table 1. The surveyed companies represent automobile,
heavy machinery, textile, chemical, electronics and
other industries. The average number of employees was
938. Among surveyed companies, average sale volume
is 158 crores. The maximum percentage of scrap ob-
served is 10 per cent while average percentage is 6 per
cent. Average percentage of rework is 8 per cent.

Analysis

Collected data was analysed with the help of factor
analysis on scale (0-100) in Tables 2-5. Table 2 repre-
sents the list of essential elements of JIT and their ag-
gregate scores obtained after factor analysis. Table 3
displays the degree of difficulties in decreasing order. It
is found that some unique JIT elements like quality

Table 2: Degree of Difficulty in JIT Elements Implementation

circle, layout improvement, long term contract, small lot
size, continuous improvement, effective communication,
high quality, smooth flow of material, buffer stock
removal, statistical process control, smooth production,
work in process reduction, work center quality control,
statistical quality control, total quality control are easy to
implement while other elements like Zero defect, auto-
mation and autonomation, zero deviation schedule, kan-
ban system, cellular manufacturing, preventive
maintenance, product and process simplification,
process flexibility, computer integrated manufacturing,
setup reduction time are difficult to implement. In
general, the survey made it clear that it is slightly difficult
to implement JIT elements in Indian context.

Surveyed companies have been attempting to
realise a wide range of JIT benefits. The attainment of

Elements Very difficult Difficult Little Easy Very easy  Aggregate
difficult score
Automation & Autonomation 8 8 6 0 0 77.2
Buffer stock removal 1 3 3 9 6 35.2
Cellular manufacturing 8 8 B 2 0 75.0
Computer integrated manufacturing 1 13 8 0 0 67.04
Continuous improvement 0 4 4 5 9 28.4
Effective communication 1 2 4 8 5 29.5
Flexible workforce 2 4 9 5 2 43.0
Long term contract 1 1 3 8 9 23.8
High quality 0 B 4 6 8 295
JIT purchasing 7 7 5 3 0 70.4
Layout improvement 0 1 4 9 0 227
Kanban System 8 T T 0 0 76.1
Long term employment 2 4 10 4 2 50.0
Preventive maintenance & 3 8 7 0 57.9
Process flexibility 5 5 9 3 0 63.6
Product & process simplification 2 6 10 - 0 56.8
Quality circles 0 B 2 3 13 215
Set up time reduction 6 8 4 4 0 68.1
Small lot size 0 3 3 8 8 26.1
Smooth flow of material 1 3 L 5 9 329
Smooth Production 0 5 5 5 7 375
Standardization 2 6 7 5 2 51.1
Statistical process control 3 2 4 6 7 36.3
Statistical quality control 3 3 B i 5 409
Total quality control 2 3 7 6 4 42.0
Work centered quality control 2 3 7 3 5 38.6
Work in process reduction 1 5 4 6 6 37.5
Zero defect 9 7 6 0 0 85.2
Zero deviation schedule 8 7 7 0 0 76.1
Productivity ® Vol. 41, No. 2, July-September, 2000 219




Table 3: Degree of Difficulty in JIT Elements Implementation

(In decreasing order)

Elements Agg. Score
Zero defect 85.2
Automation and autonomation 77.2
Zero deviation schedule 76.1
Kanban system 76.1
Cellular manufacturing 75.0
JIT purchasing 70.4
Set up reduction time 68.1
Computer Integrated manufacturing 67.04
Process Flexibility 63.6
Product and process simplification 56.8
Preventive maintenance 57.9
Standardisation 51.1
Long term employment 50.0
Flexibility workspace 43.0
Total quality control 42.0
Statistical quality control 409
Work centered quality control 38.6
Work in process reduction 375
Smooth production 375
Statistical process control 36.3
Buffer stock removal 35.2
Smooth flow of material 329
High quality 29.5
Effective communication 295
Continuous improvement 28.4
Small lot size 26.1
Long term contract 23.8
Layout improvement 22.7
Quality circle 21.5

full benefits depends upon successfully implementa-
tion of JIT elements. Table 4 expounds the JIT
benefits and their aggregate scores, which are ob-
tained after factor analysis on scale (0-100). Table 5
represents degree of expected benefits in decreasing
order. It is found that improved competitive position,
improved worker efficiency, increased flexibility, in-
creased quality, increased productivity, reduced inven-
tories, reduced production lead time, reduced
purchase lot size, reduced work in process, increased
equipment utilisation, less scrap, reduced paper work,
increased profit margin, reduced raw material require-
ment, increased equipment efficiency, increased team
work are highly expected benefits whereas other
benefits like increased administrative efficiency, lower

overheads, reduced labour cost, improved worker
motivation, reduced space requirement occupy lower
priority. In general, surveyed companies have reported
high degree of expected benefits driven from JIT im-
plementation.

Discussion

JIT manufacturing system has been widely dis-
cussed and well received all over the world. Despite
the worldwide attention, JIT is not fully understood and
the implications of implementing JIT in developing
countries have not been adequately appreciated
(Chandra & Kodali, 1997). Some researchers have
identified that few elements are not deep rooted in
India due to following obstructions:

e Set up reduction is a principle component of
JIT. It saves wastage of time and money. In-
novative ideas and persistent research are re-
quired for this. But India is leading among those
developing countries which have least research
and development facilities (Korgoanker, 1992).

e JIT puts emphasis on ordering small lots. In
India, ordering cost counts a lot due to present
tedious system of ordering which involves lot of
paper work. It is therefore considered better to
place a big order to take advantage of quantity
discount. But, Gupta et al, (1995) represents a
model which can provide quantity discount in
JIT purchasing.

e The concept of preventive maintenance at
present is possible only in big houses as small
houses do not want to spend money on regular
maintenance. They are interested in taking max-
imum possible work from a machine and go for
repair only when breakdown occurs (Kor-
goanker, 1992).

e JIT requires total co-ordination between various
components of an industrial network. Proper
and reliable transportation facilities are required
for this which are poor in India (Garg D., 1997).

e TQC (total quality control) is an essential ele-
ment of JIT. But, it is being ignored. Consumer
ignorance may be considered as the prime fac-
tor for this. Protective market attitude and ear-
lier government policies of non-liberalization
were also key factors in non-implementation of
TQC which is indispensable for JIT (Ansari,
1986).

e There is a great need for employee involvement.
But, working conditions create lower worker
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Table 4: Degree of Expected Benefits

JIT benefit Very high High Average Little Not at all Aggregate
score
Improved competitive position 10 8 3 1 - 80.6
Improved equipment efficiency 6 9 6 1 - 727
Improved worker efficiency 7 8 6 3 - 76.1
Improved worker motivation 3 5 4 6 4 46.5
Increased Admn. efficiency 2 4 10 4 2 50.0
Increased equipment Utilisation 5 8 6 3 - 67.0
Increased flexibility 1 5 3 3 - 77.2
Increased Inventory turnover ¥ 9 5 1 = 75.0
Increased profit margin 6 8 6 2 - 70.4
Increased quality 9 8 < 1 - 78.4
Increased productivity 10 6 5 1 - 78.4
Increased team work 12 4 2 2 2 75.0
Less scrap i ] 3 3 - 69.3
Lower overheads “ 6 6 6 - 59.0
Reduced inventories 10 7 5 - - 80.6
Reduced labour requirement 4 5 9 - - 60.2
Reduced paper work 7 6 7 1 1 69.3
Reduced product cost 3 4 10 -] = 55.6
Reduced production lead time 12 i 3 - - 85.2
Reduced purchase lot size 14 5 2 1 - 86.3
Reduced raw material/parts 6 8 6 2 - 70.4
Reduced space requirement - i 9 2 - 64.7
Reduced work in process 15 4 3 - - 88.6

morale. Thus, employees are not motivated
enough to join the movement voluntarily (Garg

Table 5: Degree of Expected Benefits (In decreasing order)

JIT Benefits ./Score
D. 1997). : =
Reduced work in progress 88.6
* The greatest attribute of JIT which makes it  |Reduced purchase lot size 86.3
suitable for Indian industries is that most of its Reduced production lead time 85.2
elements do not require much investment. JIT Improved competitive position 80.6
predisposes the way in which manufacturing Radiuced imvicdiss 80.6
fun.c'tl.ons are being pe_rformed using exlstmg S — 78.4
facilities. It also requires some change in inorssnsil ot sty 78.4
methods of purchasing and marketing. Difficul- : i d: e 77.2
ties in implementing JIT can overcome by [\ncreased flexivilty ;
bringing a change in attitude of people through  |ImProved worker efficiency 784
training programs. Increased inventory turnover 75.0
Increased team work 75.0
Concluding remarks Improved equipment efficiency 72.7
Reduced raw material/parts 70.4
Based on the study, some important conclusions Increased profit margin 70.4
are as follows: Reduced paper work 69.3
‘ 3 s T Less scrap 69.3
. Lr! thg sra qf Ilberzgz_ation and prlvatls;atlon. | I (I equipment utilisation 67.0
ian industries need instant support of a megn- Reduced space requirement 64.7
ingful and effective manufacturing system like kil Tkt it 60.2
JIT to follow the trend of globalisation in order : e ? e
to become more competitive. R S '
Reduced product cost 55.6
 Prefect JIT implementation may not be feasible  |,\c/eased administrative efficiency 50.0
in most Indian industries due to. Iac_lf of resour- Improved worker motivation 465
ces, lack of technology, non availability of multi-
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functional workers etc. However, some ele-
ments are easy to implement as reported by
Indian  Industries.  Therefore,  maximum
weightage must be given to these elements to
reap maximum benefits.

e Co-relation of Table 2 (Degree of difficulty in im-
plementation of JIT elements) with Table 4 (De-
gree of expected benefits) made clear that
some elements like cellular manufacturing, kan-
ban system etc. are difficult to implement in In-
dian context. But, these elements provide a
wide range of benefits like reduction in WIR,
reduction in inventories, increased flexibility etc.
after successfully implementation.

e Innovative ideas and persistent research work
are required to solve the problems of JIT im-
plementation in Indian context.

e The survey presents a macro view of the state
of JIT elements and related benefits in Indian
Industries. It is, therefore, necessary to carry
out such studies in groups of same types of
industries based on [1SO-9000 Certification,
product being produced and size to get better
results.

e In general it is strongly recommended that In-

dian Industries must implement JIT, may be in
phased manner. This will certainly make them
more competitive.
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MANAGEMENT THOUGHTS : BY PRAMOD BATRA

Your mind is like
an acre of land

Your mind is like an acre of land. You have to care for it like a farmer does for better results.
You have to sow it (with ideas), till it (with readings), fertilize it (with visits to counterparts),
pesticide it (to prevent it from becoming inanimate) to get the best crop of results from it.

O Think Inc., Batra
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Using IT for Competitive Advantage:
A Supply Chain Perspective

M.L. Singla

Computers-Communications Technology is an all per-
vasive organisational phenomenon in the contempaorary
business environment. Seeds of this technology, which
were sown in the Indian economic soil about 10 years
back have nurtured into full trees. The question of
“What we can do with IT” is likely to assume greater
significance as compared to “What IT can do for us”.
Innovation in use of this technology will be the most
pertinent issue in management of IT. The author takes
stock of the impediments in the exploitation of IT and
suggests some measures to combat these limitations.
He also evaluates how IT can be leveraged for Supply
Chain Management towards gaining competitive ad-
vantage and highlights the role of emerging tech-
nologies such as Geographical Information Systems.

M.L. Singla is Reader in Information Technology Management, Facul-
ty of Management Studies, University of Delhi, Delhi-110 007. E-Mail:
mis@fmsdu.ernet.in.

An Indian Information Technology (IT) start-up
walked away with a $ 3 million contract within months of
its take off for creating complex products to enable
companies to transform into e-corporations by integrat-
ing their processes like supply chain management, cus-
tomer relationship management and enterprise resource
planning in the legacy systems (Times of India, 2000).
First CyberaBad, now CyberDelhi, with Delhi deciding
to commission a few thousand infokiosks and cyber
dhabas, this could well be the beginning of emergence
of an e-society. The victory of Andhra Pradesh based
TDP both in the Parliament and State Assembly elec-
tions is having a bandwagon effect on the political big-
wigs. CyberRath is being considered the most potent
political vehicle today. Experts claim to have renovated
just e-verything—from e-mail, to e-banking, to e-com-
munities, to e-commerce, to e-auctions, to e-woman,
etc. In other words, IT is redefining the way societies are
constructed, function, and grow all over the world. In-
vestments made by economies as a percentage of their
GDPs are on the increase. Many developing countries
including India, have viewed this field worth giving spe-
cial status to enable infrastructural development.

IT is redefining the way societies are
constructed, function, and grow all over
the world.

IT Revolution: Origin & Scope

Success stories like Dell Computers and Hewlett-
Packard which have leveraged their supply chains using
IT based solutions are a plenty by now. Giant organisa-
tions which offer great potential of performance im-
provement are making an all-out attempt to become
e-savvy, while facing related problems. State Bank of
India is moving towards the statutory requirement of 70
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per cent computerization much ahead of the target date
dictated by Central Vigilance Commission. The competi-
tion is not behind. Punjab National Bank, another
premier institution, went in for an organisational trans-
formation exercise to be followed by supportive IT im-
plementation. Oil & Natural Gas Corporation initiated an
Organisational Transformation Project followed by
major IT initiatives. Hindustan Lever transformed to an
IT-enabled supply chain so as to bring down the overall
turn around time from 45 days to 20 days which led to
better customer response. The Crack Tech Team at
ICICI is busy wiring up the organisation through a com-
puter-n-cable network, a historical achievement in In-
dian financial sector. And all others are following suit.
Indian Airlines which was in the advance stages of
growth on Nolan's Stage Hypothesis way back in 1990,
is leveraging its systems like Passenger Support System
extended into the Frequent Flier System providing con-
nectivity to over 1000 travel agents and airlines all over
the world. Maruti Udyog, the Rs. 8008 crore auto major
of India, implemented data warehousing in 1998 with
more than 40 per cent of its supply coming in through
bar coded process at present. Mahindra & Mahindra
trained 1700 employees for implementing the ‘most
dramatic and aggressive transformation’ in recent times.

Seeds of technology which were sown in the Indian
economic soil about 10 years back have nurtured into a
fully blown jungle, but it still remains a jungle. Whereas
inter-functional, inter-departmental and inter-organisa-
tional supply chains are being harnessed, the bigger
question which remains to be addressed is whether our
corporates are ready to become e-corporates. The third
party involvement for facilitating settlements and han-
dling delivery shipments is still in infancy state. While
Electronic Data Interchange, Electronic Fund Transfer,
Smart Cards, Interactive Multimedia, Data warehousing,
Satellite and Wireless Communications, as well as
Electronic Shelf-edge Labeling are evolving rather fast
on the Indian business horizon, the deployment of these
technologies at the district, state and national level are
still a far fetched dream. Geographical Information Sys-
tem technology could fuse into the available tech-
nologies for providing cyber connectivity.

While Electronic Data Interchange, In-
teractive Multimedia, Satellite and
Wireless Communications are evolving
rather fast on the Indian business
horizon, the deployment of these
technologies at the district, state and
national level is still a far fetched

dream.

There is a paradigm shift in thinking IT and expecta-
tions experiences, and expertise in the management of
IT have been witnessing a phenomenal change. IT
which was historically viewed as an exponential additive
to unemployment and corporate costs, all of a sudden
is being treated as a panacea for all corporate,
economic, social and development disorders. Success
in the emerging electronic marketspace will largely
depend upon an appropriate exploitation of IT in
managing relationships with suppliers, in managing cus-
tomer relationships, in being innovative, in harnessing
ongoing battles with rivals by changing the basis of
competition (Porter & Millar, 1985). In the contemporary
world, where technology is providing a level playing
field to all, regardless of size, experience, location and
resource base, “What we can do with IT"” will assume
greater significance as compared to “What IT can do for
us”. Innovative use of available technologies will be the
most significant factor in successful exploitation of IT.

IT which was historically viewed as an
exponential additive to unemployment
and corporate costs, is being treated as
a panacea for all corporate, economic,
social and development disorders.

Computers-Communications Technology is an all
pervasive organisational phenomenon in the contem-
porary business environment. Every new technology
promises to deliver better efficiency and effectiveness in
organisations. But the fact remains that with installation
of latest hardware and software system, the dissonance
commences immediately on signing the acceptance
certificate. Is it the oversell of marketers, or our inability
to exploit the installed technology? While experts march
on talking about the INTERNET, INTRANET, EXTRANET,
ERP, and e-World, corporate users feel more lost as
compared to their counterparts of yesteryears. There is
no denying that this technology is capable of acting as
a transformational agent in lives. It offers unlimited
potential for leveraging competitive edge, this potential
remaining to be harnessed in most of the cases. The
emerging scenarios of Internet based businesses and
telecommunications based transaction processing sys-
tems will lead to cutting down of not only the perceptual
size of the globe, but also the size of the organisational
costs to design, create, and market products and ser-
vices. There are going to be strategic opportunities
which will be encashed only when we are using the
fastest emerging weapon of IT. Organisational informa-
tion is not innocent and managing information strategi-
cally will also mean managing it shrewdly. But as on
date, organisations suffer from a common malaise—IT
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is still being viewed as at best a tool to bring about cost
competitiveness, when applied strategically (Cash, et al,
1985). Some of the recent managerial innovations such
as Total Quality Management, Just-in-time, Process Re-
engineering and Enterprise Resource Planning (ERP)
lean heavily on use of IT.

The fact remains that with installa-

tion of latest hardware and software
system, the dissonance commences
immediately.

Traditionally, it has beer believed that Decision Sup-
port Systems could provide the competitive edge. But
today, any of the Computer Based Information Systems
(CBIS) components such as Office Automation Sys-
tems, Transaction Processing Systems, Management In-
formation Systems, Decision Support Systems,
Management Support Systems, Executive Information
Systems(EIS) or Expert Systems (Kroeber & Watson,
1984) could be used to leverage competitive edge.
There could be instances where, by including
competitors’ products, we may gain an edge over the
industry. Porter's Five Force Model (Porter, 1980) and
the Value Chain Analysis (Porter, 1985) can be used as
complementing high potential analytical frameworks for
identifying areas for strategic use of IT. A bank’s 24 hour
customer enquiry service could be considered a good
example of Office Automation System being used as a
competitive weapon. Total branch mechanization cur-
rently being pursued by many of the nationalized banks
of India could be considered an answer to the IT sup-
ported onslaught by foreign banks.

Potential of IT

During the last thirty years or so, economists and
management theorists have been forced to expand
traditional production and statistical models to include
the impact of information and IT on the performance of
these models. As a result of systematic increase in IT
and information, there has been a noticeable improve-
ment in productivity, quality, and customer service
(Cash et al, 1992). The IT resource has travelled from
DP Era (1960-1975), to the Network Era (starting 1995
and likely to go upto 2010). Despite the fact that most
of the companies have moved from the DP Era to the
Network Era, yet the resource of IT has not been fully
harnessed. The issues of design, management, and
global exploitation need to be adequately addressed.
This alone will become an increasingly critical factor in
determining the competitive strength of these busi-

The issues of design, management, and
global exploitation need to be adequate-
ly addressed.

nesses. The “network™ structure characterized by
point-to-point electronic communication, teams, and
strategic alliances is more appropriate for harnessing
information technology in contemporary environment.
A fifth generation technology like e-Commerce can not
be implemented in a second generation organisation
using hierarchical structures (Savage, 1990).

As per a study conducted by HBS Colloquium on
Global Competition and Telecommunications (Nolan &
Seger, 1993), there will be a major shift in thinking IT.
The emerging IT based solutions will be marked by the
“new"” fusion of Information Technology and telecom-
munications; the new technology will be extremely
dynamic and will change the fundamental structure of
the firms to networked firms; competitive strategies of
the firms will be greatly affected by the above two as
well as the resultant new industries. IT will have a ten-
dency to restructure industries over the entire supply
chain. This restructuring will necessarily mean different
ways of competing, co-operating, and collaborating
among buyers, sellers, and rivals. Entry and mobility
barriers in many cases will be demolished by the use of
IT and fresh barriers will get erected in many industries.
The new technology, as it can be seen, will not only
bring about better efficiency levels while carrying out
traditional activities, but will also act as an enabler for
fundamentally changing the basis of competition among
rivals within the same industry segment. The next
generation organisations will have smaller span of con-
trol in the traditional sense and larger span of control in
the fifth generation sense. This widening of span of con-
trol will be facilitated by the innovative use of IT.

Emerging IT based solutions will be
marked by the “new” fusion of In-

formation Technology and telecom-
munications.

The realization of potential offered by IT is catching
up fast in the Indian industry too. If a state electricity
board can start thinking in terms of reducing the losses
or increasing the profits just by using technology aiming
to bring down the average billing and collection cycle or
control power theft by better accounting in a division; an
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insurance company can think of increasing its profitability
by reducing the crediting cycle from 15 days to 3 days
by use of technology; and an organisation can think of
reducing inventory levels from Rs. 1400 crores to Rs.
1000 crores without affecting the business; IT does pro-
vide an excellent tool for improving the competitive posi-
tion of an organisation. These are only some variations
at the process level and do not involve the enduser. In
these examples, the business is not changed, the cus-
tomer has not been affected and we have also nottouched
suppliers and still we have been able to bring in business
advantages. There are many more opportunities, where
we can add significant value by using IT and pass on part
of the advantage to the customers too. In other worlds,
IT can become an effective driver, facilitator and coor-
dinator of business processes.

IT can become an effective driver,
facilitator and coordinator of business

processes.

Creating business vision today will need an aware-
ness of the availability and capabilities of IT. Demand
forecast for a product like automobile tyres could be
entirely misleading when we consider the onslaught of
emerging technologies such as tele-commuting, tele-
banking, e-cash, tele-shopping and other forms of e-
business. A seed germinating and marketing company
can really become a market leader and sustain its com-
petitive position, if it resorts to development of a simple
expert system to be installed at the retailer site. A busi-
ness forecaster can not afford to overlook such pos-
sibilities in the times to come. A helicopter view of traffic
administration in a congested metropolitan city like
Delhi can help us design an integrated system for better
Traffic Management as well as Accident Control at a
much lower cost.

In public administration, IT can play a pivotal role
facilitating better levels of service. In a country like India
where file movement in public administration becomes
very important for determining efficiency, process and
step benchmarking assumes a critical significance. And
this can not be successfully implemented without
having IT based solutions. There are offices where IT
based file tracking systems have been designed and
successfully implemented. Step benchmarking would
also be able to pinpoint individual responsibility and fur-
ther help in streamlining the systems. But all these ad-
vantages can not be attained until we create an IT vision
for business or administrative set up. As per a survey,
the CEOs were found to be unanimous in their belief
that IT was critical to the success of their firms.

In public administration, IT can play a
pivotal role facilitating better levels of
service.

A survey of 96 respondents from various sectors
highlighted that the organisations viewed Internet as a
technology that can not be ignored; that will serve as
a strategic tool; and that will add to the competitive
advantage vis-a-vis their competitors. Respondents
from retail & wholesale, financial services, and com-
puters & communications reported to be leading in In-
ternet based implementations. Some of the results
have been documented in Table 1. The table shows
that as we move from simple e-mail to complex e-com-
merce, the percent organisations in respective sectors
using any advanced technology starts climbing down.

Another survey of 107 executives indicated that al-
most 60 per cent of the population accesses the Net
everyday, most of them preferring to do so during late
night hours. Nearly 50 per cent of the population surfs
the Net for less than 5 hours a week, no doubt there
were respondents who were spending 10-25 hours per
week on net surfing alone. 35 per cent of the respon-
dents indicated that they had Net connectivity both at
office as well as home. Majority of the users used Net
for transacting e-mail and downloading professional in-
formation. They usually hit upon new sites through
word-of-mouth.

Table 1: Usage of Internet Based Technologies

Sector %ge E-Mail Inter- WWW Web EDI E-
Res net-  ac- site Com-
Mail cess merce

Manufacturing 35 79 64 29 50 54 21
& Distribution

Computers & 17.5 100 86 100 71 71 57
Communi-
cations

Financial 20 100 88 88 88 75 25
Services

Retail & 25 100 100 100 100 0 100
Wholesale

Others 25 89 78 67 67 33 11

The above figures are based on a very small sample size but are
certainly indicative.

Impediments

Some of the impediments in the exploitation of IT in
a developing country like India would normally include
the following:
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Generation Gap: Charles M. Savage (1990) had
suggested the existence of a generation gap between
the organisations and deployed technologies. Indian
corporates suffer from this phenomenon. Second
generation organisations continue procuring, deploying,
and under-utilizing these expensive fifth generation tech-
nologies without realizing the gap.

The IT Leadership Crisis: IT Management has been
perceived to be sole responsibility of CEO and his team
in Indian organisations, whereas IT leadership is a con-
vergence of efforts of the Strategic Management, the IT
Team, and the Line Management.

Benchmarking and Learning Organisations: Indian
organisations continue to exist in isolation without
benchmarking their processes against the best prac-
tices and learning while operating. Non-learning or-
ganisations can never become the best-in-class.

Non-professional Polity: In India, ownership and
decision making for majority of infrastructural systems
rests with the government, bureaucracy and polity. Un-
less these cadres are trained to appreciate and innova-
tively use IT, benefits will not be forthcoming.

Infrastructural Inadequacy: India Inc. suffers from a
phenomenal infrastructural inadequacy as a result of
which none of inter-regional, inter-state and inter-nation-
al initiatives can be implemented. The e-efforts continue
to be restricted to base camps alone.

The Mindset: What is needed to be re-engineered is
the national mindset to bring about a conviction about
the capabilities of IT. The major focus of mindset re-en-
gineering has to be infusion of spirit of competitiveness
and accountability in the sectors which determine the
character of the economy.

Measures for Successful IT Implementation

To ensure that organisations use IT smartly and we
build IT smart organisations, some of the precautions
which will be needed to be taken would include:

Not aping: Aping someone else will not help. Newer
innovative applications and associated architectures will
determine the winning teams.

CEOs being good CTOs: IT leadership is the key
to successful implementation of IT based solutions. To
make India Inc. an Internet enabled society, strong IT
leadership among the polity is a must. All initiatives
have to be commissioned from the top and that too
with conviction.

Creating Sustainable Architecture: For India Inc. to
become a major global player on the Net, an ap-
propriate IT architecture will need to be created.

Appropriate Cyber legislation: For e-biz to take off
in the country, the government will have to develop
suitable cyber laws for the purpose of accounting and
taxation.

Designing complementing Physical Delivery Sys-
tems: To ensure that Indian population develops con-
fidence in e-biz, the corporates and utilities will be
required to work towards development of performing
delivery systems so that the post-delivery dissonance is
minimized. Whereas the content information on e-malls
is going to replace physical display; on screen context
is going to replace face-to-fact auction; and IT in-
frastructure is going to replace the physical sites—
physical delivery of services and goods is going to
assume greater significance.

Harnessing GIS Technology: Unlike Singapore
Tradenet, the Indian NIl is going to be a mammoth job
and without an appropriate use of Geographical Infor-
mation Systems(GIS), developing an NIl for India will be
a Herculean task. GIS is likely to make the physical
geography of the country irrelevant.

Redefining Virtual Boundaries: The planners will be
required to consider the map of India as a continuum of
the entire globe. The boundary will be virtual boundary
facilitating international transactions and free flow of in-
formation, content, matter, and people.

Believing in Core Competency: Leave the job to the
man who does it best. Outsourcing of the IT function by
corporates, states, countries will be the in thing.

Global Vision & Niche Focus: We have come full
circle. The trade started with paying attention to an in-
dividual customer during the barter era, and we are
back to focussing on an individual customer. Mass cus-
tomization is the trick of the day. Only now we com-
municate in an impersonal manner through electronic
medium.

CBIS & Emerging Paradigms

Information Systems can be differentiated from data
processing from the user's point of view. Traditionally,
Electronic Data Processing was the first sub-system to
be used in business organisations. It is recently that
data processing is being treated as comparatively a
lower level activity as compared to other information
systems. Data processing is basically aimed at process-
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Fig. 1. CBIS—A Contingency View

ing of transactions generated from day-to-day opera-
tions within an organisation whereas other types of in-
formation systems are designed for supplying
information from the processed data to various levels of

Information Systems can be differen-
tiated from data processing from the
user’s point of view.

management to provide support to individual and group
executive decision making. Collectively, these systems
are termed as Computer Based Information Systems
(CBIS) (Kroeber & Watson, 1984). A contingency view of
this classification framework is shown as in Fig. 1. Sum-
mary observations on this classification would include:

e Transaction Processing Systems(TPS) are al-
ways the first systems to evolve in an organisa-
tion. The technology, experience and
expectations from these systems are already
well established. These form the hub of an IS
activity in an organisation.

o Office Automation Systems(OAS) are activities
and processes which assist office personnel in
performing office routines and do not lead to
generation of any business data directly.

e Management Information Systems (MIS) are
designed to support the decision making ac-
tivity of key executives in an organisation.
These systems make use of the already

processed transaction data and some external
inputs.

o Decision Support Systems (DSS) make use of
the summarised organisational data as well as
external data collected from the environment of
the organisation and are leveraged for assisting
top management in taking unstructured as well
as semi-structured decisions having long term
impact.

The class of information systems which is creating
waves on the corporate horizon is Executive Information
Systems (EIS) which by definition are meant for execu-
tives in American terminology, i.e. the top two layers of
management to support strategic decision making.
They provide drilling down through successive layers of
data bases in the shortest possible time span necessari-
ly based on Graphic User Interface (GUI) technology.
EIS makes use of graphical and data mining techniques.
Geographical Information Systems provide wide sup-
port to EIS. In other words, EIS is a full derivative of
different forms of CBIS. It makes use of data manage-
ment techniques of TPS, communication techniques of
OAS, reporting techniques of MIS and modeling techni-
ques of DSS. When we add an additional capability of
GUI, this leads to an EIS.

Different types of CBIS necessitate different tech-
nologies. Table 2 sums up the technologies which are
needed for implementation of different types of CBIS.

Supply Chain Management

“Just give me the right product at the lowest cost,
on time —thank you” is what lies underneath the typical
confrontation relationship in a supply chain system,
whereas an ideal full blown supply chain partnership will
be based on process/capability-based buying relation-
ship. Though Electronic Data Interchange (EDI) has his-
torically been used for the purpose of maintaining
control over the inbound and outbound movement of
materials, it is now that corporates have started talking
in terms of reduced time, reduced costs, and mass cus-
tomization. EDI has the potential of helping organisa-
tions increase market share, minimize working capital
requirement, get world-class service performance from

Electronic Data Interchange has the
potential of helping organisations in-
crease market share, minimize working
capital requirement, get world-class

service performance from suppliers.
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Table 2: Status of CBIS

Type of CBIS Technology Needs Technology
Status In India
Transaction e Hardware Fairly Stable
Processing
Systems e Software
e Database Technology
o Networks
e Electronic Data
Interchange
Office e Communications Exploding
Automation (Internet based
Systems technologies)
e User friendly equipment
e Integrated Suites
e Compatibility with
traditional systems
e GUI based systems
Management ¢ Communications Quite Stable
Information ¢ Data Base Management
Systems
e Analytical Tools
Decision Support e Interactive Interface Evolving
Systems e Complex Modeling
e Data Pipelining
e Complex Infrastructure
Executive o Enterprise Resource Nascent Stages
Information Planning
Systems e Data Warehousing
e Data Mining
e Information
Superhighways

suppliers, improve warehouse and facilities utilization,
and reduce re-ordering. It is in this regard that manage-
ment of supply chain assumes critical significance.

EDI properly harnessed will bring about the benefits
of more accurate and timely information flow; ad-
ministrative savings, closer trading relationships, im-
proved cash flows, moving closer to the end consumer
(Gattorna & Walters, 1996). On the manufacturers’ side,
EDI can help in increasing the market share, improved
cash flows, attaining zero out-of-stock situations, and
smooth long term relationships with all partners. Or-
ganizations that are likely to benefit from EDI initiatives
would be characterized by features such as multiple
locations, high turnover of inventory, large volumes of
recurring transactions, need for accurate reporting and
tracking, and a need for timely processing.

The supply chain has been viewed as the sequence
of suppliers and organisational buyers that spans all
stages of processing from raw materials to final cus-
tomers. It involves the external factors, i.e. those sour-

ces of goods and services that are not under direct
corporate control, and internal product transformation
activities, i.e. those facilities and services which are
under direct control of the corporate. Supply chain
management emphasizes the basic issue of identifying
those product transformation activities which could pos-
sibly be done best by outsiders at a lower cost, with a
better level of dexterity, and in shorter time span. Supply
chain would necessarily include understanding the
stream of material flow from suppliers’ suppliers,
through the suppliers (both internal and external),
through the manufacturer, through our customer (inter-
nal or external), and upto the customers’' customers. A
company would normally ‘be concerned about the
sourcing strategy, the demand flow strategy, and the
customer service strategy as part of supply chain
management. The shift in thinking in supply chain
management would be from outsourcing (a confronta-
tional relationship) to an outpartnering (a fully blown
relationship) based on the inter-organisational systems
considering all the suppliers and all the buyers as
boundary less virtual organisations.

Supply Chain Management & IT

Supply chain management which once centered on
the distribution of products to customers, has now as-
sumed a broader perspective of full flow of logistics with
strategic and financial importance within the organisa-
tions (Macbeth, 1995). Instead of looking at only the
cost consideration, the emphasis has shifted to harness-
ing the function to make it a tool for gaining competitive
advantage. Porter's Five Force (Porter & Millar, 1985)
Framework for competitive analysis outlines the areas
how IT could be leveraged to gain competitive ad-
vantage in an industry. The supply chain decisions
which enable end-to-end optimization throughout can
be made with the help of modern intelligence and
decision support tools (Seethamraju, 2000).

Supply chain management has as-
sumed a broader perspective of full flow
of logistics with strategic and financial
importance within the organisations.

For managing supply chain in an organisation, what
we need to look at is whether IT can help in:

e Building flexibility in operations
e Planning and measuring accurately

e Decomposing Processes (developing logistical-
ly separate operations wherever appropriate)
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e Getting lean by simplicity and speed
e Optimizing information

e Segmenting & Stratifying (treating customers
unequally)

e Operating globally without additional costs
e Practicing Virtuality and collaboration

e Exploiting E-Commerce and cutting down the
transaction cost

e Leveraging People (making better use of human
capital)

e Conceiving & Destroying (operationalizing new
products and phasing out old ones)

e Mass Customization and postponing part of the
process to the customer's vicinity

If answers to some of these are affirmative, IT is
certain to add value and the organisation should move
over to supply chain solutions like INTERNET (IN-
TRANETS, and EXTRANETS), ERP and others. In case
most answers are negative, then the organisation bet-
ter be happy with “brick-n-mortar” solutions.

Concluding Remarks

With materials accounting for more than two thirds
of the value chain, harnessing IT for managing supply
chain would be the ‘mantra’ for survival, growth and
economic significance of a business. Time-to-market
and cost-to-market will be the factors which determine
the potency of a new product idea. Most importantly,
solutions like Enterprise Resource Planning need to be
extended over the entire supply chain and confinement
of these implementations to a single enterprise may not
necessarily facilitate integration amongst the partners in
the supply chain. In times to come, Geographical Infor-
mation Systems would become the backbone of supply
chain management for corporates having wide spread
presence.

Solutions like Enterprise Resource

Planning need to be extended over the
entire supply chain.
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Focus

Six Sigma — Paradigm Shift in
Management’s Quality Strategy

P.R. Lakshmi Kantan

When the customers are more quality conscious—the
Concept of Cost of Quality emerged and thus Statistical
Quality Control came into existence. Six Sigma is a con-
cept which starts and ends with the customer. In six-
sigma approach, the fundamental reasons for problems
are fathomed so that pin-pointed corrective actions can
be initiated. Six Sigma Concept has become a
business quality strategy in successful companies.

PR. Lakshmi Kantan is with Indian Statistical Institute, 7, S.J.S. San-
sanwal Marg, Near Qutab Hotel, New Delhi-110 016.

Conventional Quality Control is based on inspection
oriented approach. Items are produced according to the
specifications of the customer and are segregated using
inspection methods. First grade items are sent to impor-
tant customers and second and third grade items to less
important customers. The cost of inspection—a nonvalue
adding activity —is not considered as it is added to the
product price. In a seller's market this is acceptable.

When the customers became more knowledgeable
the Concept of Cost of Quality emerged and Statistical
Quality Control came into existence. The maxim of this
concept is prevention is better than cure; statistical
modelling techniques are used to predict the be-
havioural pattern. Due to advent of ISO 9000, Quality
Control has become broad based i.e. from product
orientation to process orientation and there is a new
concept of statistical process control. In this approach
quality is brought into different processes in a business
such as manufacturing, purchase, marketing, sales,
human relations etc. Though all these approaches in
spirit aim for greater customer satisfaction, customer
focus is missing. Six Sigma is a concept which primarily
starts and ends with the customer.

What is Six Sigma?

All business houses are saddled with problems and
solving a problem requires resources in terms of man
power, machine, material, money etc. Mostly, problems
are looked into at a stage when drastic remedial actions
are the only available solution. This approach leads to
frustration, time and money losses. Besides, there is no

In Six Sigma approach, the fundamental
reasons for problems are fathomed so
that pinpointed corrective actions can
be initiated.
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guarantee that solutions are going to be permanent. In
Six Sigma approach, the fundamental reasons for such
problems are fathomed so that pinpointed corrective ac-
tions can be initiated. Hence the focus is on problem
origin.

The basic philosophy is that problem arises be-
cause of variation in systems. For example a bulb fuses
because line voltage fluctuates beyond 260 volt (as long
as the voltage is within 230 volt £ 20 volt, there is no
problem). Ironically in a living system, variation is a
must. Variation is necessary but too much of variation is
detrimental. The entire concept of Six Sigma revolves
around variation; the term depicted for variation is
Sigma. The permissible variation is a concept deter-
mined by the customer. For example a customer may
demand =1 micron accuracy on diameter whereas
another one may want =1 over 2 micron accuracy! A
business can not run its operations according to each
customer's requirements. They should organise the
processes such that they can satisfy all customers.

Why Problems Crop Up?

Three types of reasons generate a problem: (a) Ac-
tions are initiated when no action is required; (b) Actions
are not initiated when action is required; (c) Actions are
initiated but not at the opportune time. The following are
the examples:

(@) Body temperature is OK but using a faulty ther-
mometer readings are taken and found to be
101°C. Immediately medication starts.

(b) An operator makes a mistake in reading a draw-
ing but the mistake is overlooked. Components
are made.

(c) Euro Il norms are introduced in certain types of
cars when already competitors have taken an
edge on this.

In all these cases, variation increases and hence the
birth of a problem which leads to increased cost and
customer dissatisfaction.

Role of Statistics in Six Sigma

Anticipation of a problem is the fulcrum of modern
business strategy. If one can anticipate a problem, its
sources, and develop a prevention action package, he
has arrived at a permanent solution. Statistics is a
Science of data and data is the voice of the process and
its problems. Using data extensively, anticipatory
models are developed so that decision makers are
equipped with the right type of decision making ap-

proach. Since decision making is a management con-
cept, Six Sigma Concept has become a business quality
strategy in successful companies. General Electric
Company of USA has successfully adopted this techni-
que developed by Motorola to great success.

Anticipation of a problem is the fulcrum
of modern business strategy.

Board room matrices are indices of performance of
a company as seen by top management. Some of the
important board room matrices are:

OTD -» order to delivery i.e. cycle time

OTR - order to receivables —shorter the better

No. of turns: For Inventory hold ups, larger the num-

ber of turns, better the performance (similar to just in
time inventory).

Dash board: The salient indicators of a company’s
growth similar to the car dash board displaying fuel,
speed, distance etc.

Structure of Six Sigma Training Programme
The programmes are designed in four phases:

Phase 1 : Define and Measure

Phase 2 : Analyse

Phase 3 : Improve

Phase 4 : Control

Subsequently Phase 3 and Phase 4 are merged.
Phase 1 deals with defining a problem and selecting
important indices of performances and devicing
methods to measure them. The fundamental philosophy
is that unless one measures the process, he will never

know how to improve. This phase is covered in four
days of teaching, covering the following aspects:

e Importance of data, types of data—ordinal,
nominal, measurable etc.

e Basic seven tools

¢ Process mapping and FMEA

e Probability and fundamental statistical distribu-
tions

e Process capabllity analysis
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Each day consists of 7 hours duration—4 hours of
teaching and 3 hours of practicais. Process Mapping is
nothing but a process flow chart through which one can
find out the amount of non value adding activity getting
added in system. FMEA (Failure Mode Effective
Analysis) is given importance in the first phase. Second
phase consists of Analysis of data. This Is the fulcrum of
the entire six sigma programme. In this phase, various
decision making tools such as normal test, t-test, chi-
square test, f-test, rank test etc. are taught in detail.
Scenarios are created and participants are asked to
take decision in a sequential form. This phase ends with
a live demonstration of the famous technique called
Gauge Reproducibility and Repeatability. Discussions
are held to suggest remedial measures if gauge R & R is
not OK. In the third phase improvement techniques
such as Design of Experiments, Regression Analysis are
covered. The course ends with development of detailed
control plans.

In the project phase, each participant is asked to
select a project covering Quality, Cost and Delivery.
Currently FMEA approach for problem selection is advo-
cated. There is a sponsor for the project who owns the
outcome of the project. The current performance level is
using defined past data or consensus approach (if no
data is possible). A core team is developed consisting of
the participant, the sufferer and the associates. The flag
off date and the closing date are mentioned in a con-
tract form. All the projects must be completed, results
demonstrated and handed over to the system with
necessary control plans.

Table 1: Some Results Achieved through Six Sigma Training

Project Baseline Achievement  Savings
(Rs.) (lakhs/

month)

Reduction of Pay Slip 90 ppm 30 ppm 0.4

error in Accounts Dept.

Reduction of form error 25 micron less than 5 8

in Double Gear Error micron

Reduction of rejection 5/1000 less than 1 5

due to horn failure per thousand

Reduction of Rejection 2% 0.5% 2

in Engine due to valve

leakage

There are two types of participants—green belts
and black belts. Green belts are those who carry out Six
Sigma projects along with their normal work. Each
green belt is required to complete atleast two projects
per year. Black belts are the guides for green belts.
Each black belt monitors six to seven green belts and
the monitoring frequency is once a week. These black
belts are in turn monitored by Master Black Belt. Each

project is given a code number and at completion each
project is documented.

Six Sigma Techniques

Few of the oft repeated techniques of Six Sigma are
Process Mapping, FMEA and Gauge R & R. Process
map is nothing but a flow chart of a system. In a prob-
lem solving approach, it is essential to know the flow of
operation as well as information so that one can under-
stand non value adding zones, and sources of variation.
Removal of non value addition activity is essential to
achieve cost reduction. A typical example is as follows
(Fig. 1):

Order from Customer

U

Issuing an order Reference No.

-

Seeking Clarifications on Quantity and Delivery Schedule

b —

Receiving Clarification from Customer

-

Processing

L

Waiting for Transport

U

Despatch
Fig. 1. Process Map (Sample)

In this sequence, seeking clarification and waiting
for transport are non value adding activities. Removing
them will smoothen the flow. Non value additions are
removed either by dropping the activity or by empower-
ment. Along with the removal of non value adding ac-
tivity, some documents are also removed. It is therefore
recommended in Six Sigma Projects that process map-
ping must be used especially for non manufacturing
areas. A process map is done in three steps:

(@)
(b)
(c) What is ideal happening?

What according to you is happening?
What is really happening?

Step (a) is done in board room after thorough dis-
cussions. Step (b) is called Walk in Exercise. In this all
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members go to the problem area and physically watch
and most of the times Walk in Exercise makes drastic
changes in process mapping. (c) is the Bench Mark
exercise. A concrete action plan with time targets set is
made to achieve (c). In many of the six sigma projects
this has resulted in great success called plucking low
hanging fruits.

FMEA is a technique used in Reliability engineering
and in Six Sigma has got wider applications. Essentially
this technique does not require any data base but the
experience and skill of experts are harnessed to get a
good focus to the problem. It is a quantitative approach
to problem solving. There are three components viz.:
occurrence, severity and detectability. Occurrence is
not necessarily the actual occurrence of a problem or
effect. It is the possible or probable occurrence. Accord-
ingly the experts are asked to rank them in a 1-10 scale,
with 10 given to highly probable causes, and 1 given to
least probable causes. In order to generate healthy dis-
cussion all experts are requested to give their individual
ranking and if these rankings are wide apart, say, range
(max rank-min. rank) is beyond 1, a rediscussion is in-
itiated till a consensus score is achieved. In this par-
ticular technique no averaging is done. Severity is as
per the view point of a customer and rankings are made
according to the opportunity losses, accident prone-
ness, safety etc. —10 is given to the most serious and 1
to the least serious and once again the consensus score
is considered. The third aspect is detectability. If the
source of a problem is pinpointed, action can be in-
itiated fast. Many problems in industries are not solved
in time as detection capabilities are very poor. For ex-
ample, in concealed wiring when a fuse is blown off, it
takes a lot of time to detect the fault but repair time is
low. This has given birth to the concept of MCBs. If the
detection capability is very poor, then a score of 10 is
given and very easy problems like surface cracks on a
casting are given a score of 1. A most difficult problem
is one for which all these three elements have 10, 10,
and 10 scores. The product of all these three is called
Risk Probability Number (RPN). Without changing the
design, a reduction in APN is possible either by reduc-
ing occurrence or detectability number—while the first
approach is through statistical process control, the
second is done through innovation methods. Normally a
time target of about 3 months is set and a target on
revised RPN is set.

FMEA is a technique used in Reliability
engineering and in Six Sigma has got
wider applications.

Other Applications
Project Selection

Occurrence — Repetitiveness of the problem
Seriousness — Customer dissatisfaction
Solvability — Core competence, infrastructural facili-
ties etc.

Spare Parts Control

Occurrence — Repeatability

Seriousness—Damage to system in case it is not
available

Availability — Easy/difficult to procure.
Disposal of non-moving items in inventory

Occurrence —Possible usage in about six months

Seriousness—Damage to the system in case it is
not available

Availability — Easy/difficult to procure.
Selection of Factors for Design of Experiment

Occurrence—Importance of factors
Seriousness — Criticality of factors

Controlability — Rigidity of control at the time of
expts.

On the whole this technique employs the fundamen-
tal concept TQM also.

Gauge Repeatability & Reproducibility

This is one of the emerging techniques in Six
Sigma. Since six sigma is management's Quality
strategy, decisions are taken using data and instrument.
If the R & R concept is understood for assessment only,
no problem arises but if it is used for decision making,
dicey situations arise. An example will illustrate this.
Blood pressure of a normal person at about 40-50 years
of age is 120/80. While taking B.P. readings of a normal
man if the reading showed 140/100, the doctor can
declare this person as a B.P. patient and can prescribe
medicines also. But if the B.P. apparatus he is using has
an error of 20 points, the entire medication may be dis-
astrous. Hence the concepts of repeatability and
reproducibility become very important.

While taking readings with instruments on non-
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destructive items, variations occur due to instrument
calibration, operator's prejudices with instrument called
interaction random errors, environmental effects etc.
Standards say that the error due to inherent or random
variation should not be more than 10 per cent of the
tolerance given. If it is more than 30 per cent, one has to
procure new instruments which is very costly. In this
context, Six Sigma approach can be used. A scientific
planned experiment under simulated operating condi-
tions is conducted to asses the contribution of various
sub parts of the variation. Statistical techniques like
Analysis of Variance helps in partitioning the total varia-
tion into different parts. Subsequent sections deal with
different scenarios.

Case 1

Part variation 85%
Reproducibility Operator variation 4%
Reproducibility Interaction 1%
Repeatability inherent or random variation 10%
% R & R To Tolerance 10%
This is the ideal situation.

Case 2

Part variation 85%
Reproducibility 5%
Repeatability 10%
% R & R To Tolerance 10%

Capability exists but specification seems to be very
rigid.

Case 4

Part variation 70%
Reproducibility Operator variation 3%
Reproducibility Interaction 22%
Repeatability 5%

The product may be flexi reference product like gas-
ket, glass or characteristics may be inside bore dia
meter measured through feeler gauge etc. In such
cases, very exhaustive guidelines for checking with pic-
tographs, followed by rigorous training are required.

Case 5

Part variation 40%
Reproducibility 30%
Repeatability 30%

ltems for experiment have not been selected throughout
the spectrum of specification.

Similarly, Gauge R & R studies are done for visual
defects also. On the whole the technique tells that
know the error in your system before taking any
decision as every wrong decision increases variation.

Conclusion

Many processes under the influence of random
variations exhibit a predictable pattern. If the patterns
are understood and studied properly, one can predict
the future with a reasonable degree of accuracy. This
helps in anticipating a problem so that necessary
preventive actions are thought of. The behavioural

Case 3 pattern of many processes are found to follow Normal

] pattern +3 Std. deviations. Six Sigma Spread covers

Part variation 70% 99.73 per cent of the individuals to lie within a band.

Reproducibility Operator variation 20% The entire spregd of the process is Wt.thln customer

specification, with customer dissatisfaction level very

Reproducibility Interaction 5% low. This is the fundamental spirit of Six Sigma

Repeatability 5% N e -
Operator training is a must.
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Focus

Mass Customisation in Apparel

Manufacturing

Rajesh Bheda

Today's Apparel manufacturing has almost reached the
same place where the evolution of apparel manufactur-
ing started. This full circle started with customised gar-
ments stitched for a particular person by a master tailor.
The availability of technologies for mass production of
apparel and need to lower production cost propogated
large scale manufacturing of ready-made garments.
With customers asking for more variety of products, the
concepts of flexible manufacturing and ability of
processing smaller order quantities came in to
forefront. However things did not stop there, the tech-
nologies and systems available today and the develop-
ments attempted will be able to satisfy most of the
individual needs of a customer for a customised
product, which in concept is similar to custom made,
but is delivered using ‘Mass-Customisation’.

Rajesh Bheda is Professor of Garment Manufacturing Technology
Department at National Institute of Fashion Technology, New Delhi.
He can be contacted at rajmani@bol.net.in.

The only constant in the fashion industry is
‘change’. With the invention of sewing in 1848 the
productivity of sewing activity increased drastically
compared to hand sewing. Tailors engaged in the cus-
tom tailoring business, slowly started producing a few
popular types of garments for common size customers.
This trend formed the basis for further spread of ready
to wear concept. Armed forces in different countries
needed standard size uniforms, creating a need for
large scale manufacturing facilities. As the cost of labor
started rising in the western world, made to measure
garments became expensive and preference shifted to
mass produced garments which were relatively
economical and also offered advantage in terms of
procuring instantaneously. Developing countries like
India also saw this transition in customer preference for
ready made garments during 1970's, 80’s and 90's.

Mass produced garments brought with them many
advantages in terms of new styles, consistent quality,
better finish achieved due to use of special machines and
most importantly the ability of buying the product when
needed. But alongwith these advantages came the dis-
advantages in terms of standard sizes. A customer had
to accept a little short or long sleeve in his shirt. Trouser
waist could either be thirty-four inches or thirty-six inches.
Person with thirty-five inches waist had to wear a too tight
or loose trouser. Today's customers are not too happy
with products which are not most suited to their needs.
That's why more and more variety is being offered in the
market to cater to these ever changing needs of cus-
tomers. The desire of today’s customer to have special
products for their special needs is very high. Mass cus-
tomisation is the answer to satisfy those customers who
wish to avail the benefit of customisation without losing
the rewards of mass-production.

What is Mass— Customisation?

Extensive research has been carried out in USA
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and Europe on application of mass-customisation in
apparel industry. Fralix (1999) says “‘Mass-customisa-
tion has emerged as a practice that combines the
best of the craft-era with the best of the mass-
production-era. Not to be confused with custom-
made, mass customised products may still be
manufactured in relatively large quantities; however,
each item might be slightly different based on the
needs and desires of the individual customer.” Pine
(1993) refers to the goal of mass-customisation as
being to provide enough variety so that the wants of
the customers are satisfied, whereas the goal of mass
production was to produce at sufficiently low cost so
that every one could have one.

Mass-customisation need not be taken to mean that
everything about the product can be customised; fea-
tures to be selected for customisation should be those
considered important by the customer and customisa-
tion process need not increase manufacturing cost
apart from the initial investment in technology required.

Why Mass Customisation?

The answer to this question is that it is the only
way one can satisfy today's demanding customer
who is not satisfied with a standard product. To il-
lustrate the point further, a recent research study con-
ducted in Germany by University of Muenster aimed
at finding out the satisfaction levels of customers
shows revealing results. As high as 75 per cent
respondents had to alter the men’s suits bought by
them from the retailer due to size or fit problems. As
shown in Fig. 1 the percentage alteration needed in
other garments is lower but is still quite high. The
respondents of the study also revealed that they do

Dr 18
[
Blouse
Blazers | 57
Suits

WA

0 20 40 60 80 100
Percentage Respondents

Fig. 1. Percentage of Consumers facing fit related problems in
different types of garments

not mind paying 5 to 10 per cent additional cost to
receive a product customised to their needs.

Technologies supporting Mass-Customisation

Success of mass-customisation depends on the
ability of the organisation to gain information on
customer's exact needs, motivation of the workforce to
accept responsibility of fast track mass customised or-
ders and supporting technologies to make the mass
customisation happen. Several efforts are being made
world-wide to develop technologies, test them for real
application so that mass-customisation can capture sig-
nificant market share in years to come. The main con-
tributing technologies and systems (Fig. 2) which
significantly contribute to success of mass customisa-
tion in apparel industry are:

Success of mass-customisation

depends on the ability of the organisa-
tion to gain information on customer’s
exact needs, motivation of the work-
force and supporting technologies.

e Body Scanning for contactless extraction of
body measurements

e CAD systems for made-to-measure pattern
making and marker making

¢ Single ply computerized Cutting
e Digital printing

e Computerized Embroidery/Logo Design
machine
3D Body Scanning
Team Work i =
Sewing Digital Printing
Technology Solutions
Supporting Mass-
Customisation in
Apparel Industry
Computerized CAD for Made-
Logo to-Measure
Embroidery Patterns

Single Ply Cutter

Fig. 2. Technology Solutions Supporting Mass-Customisation
in Apparel Industry
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e Team Working/Modular
Sewing

Manufacturing  in

Body Scanning

The major problem associated with mass produced
garments is that they are not produced as per the body
measurements of persons. Through body scanning a
three dimensional (3D) image of the customer is
generated to obtain critical body measurements. Cus-
tomer can have these measurements stored on a per-
sonalised data card which can be used in future. The 3D
body scanners developed by (TC)2, USA, Techmath of
Germany and Telmat of France work on similar principle
of using laser beams to generate body profile. After the
initial test runs, many retailers have started installing
these scanners.

CAD systems for Made-to-Measure Pattern Making and
Marker Making

Most suppliers of CAD systems for pattern making
are currently making efforts to improve abilities to create
accurate made-to-measure patterns. The body meas-
urements data generated by 3D scanners can be
received by a pattern making CAD system with modules
on custom-fit. This generates a customised pattern for
the customer and works out a cutting layout.

Single Ply Cutter

In recent years the computerised cutter manufac-
turers have started offering cutters for single ply to sup-
port the demand for mass-customisation. The body
measurements of a customer can be transmitted from
the Body scanning, in the retail outlet alongwith the
fabric and style requirements to manufacturing plant.
The customised garment patterns transmitted to single
ply cutter shall instantaneously be cut using the fabric
required for the style. This will virtually remove the wait-
ing time in cutting room.

Digital Printing

For mass production of apparel, or even for flexible
manufacturing, the fabric designs in terms of print are
decided months in advance and printed fabric is stored
in anticipation of garment orders. The minimum pur-
chase quantities for these printing orders could be in
thousands of meters. The shift from analog technology
to digital technology is also likely to influence how
fabrics will be printed in future. The use of inkjet printing
technology is likely to be best suited for the purpose of
printing apparel fabrics. Even though it shall take further
development in the technology to reduce the cost of per

meter printing as well as durability of print, this technol-
ogy is likely to transform the customisation ability and
scope of mass-customised products.

Computerized Embroidery/Logo Sewing Machine

This machine can be used for producing a cus-
tomised logo selected by the customer on his/her gar-
ment. The retailer can give options of logos for which
ready programmes are stored in this machine. This form
of customisation is catching up fast with the providers of
mass customised apparel products.

Team Work/Modular Manufacturing for Sewing

In the mass production era, the western factories
could have 300-400 workers producing the same
products/style using highly specialised sewing work sta-
tions. As the need for introducing flexibility intensified
and ability of producing small orders became critical
for survival in the western world, the concept of modular
manufacturing or team work gained popularity. Modular
manufacturing or team work in sewing section of ap-
parel factories works on the principle of using teams of
approximately 6 to 10 muilti skilled workers operating
multiple machines attempting to produce garments in
least throughput time. The group is responsible for the
planning of job allocation, quality of the product and
productivity performance. This has, in many cases,
brought down the sewing throughput time from weeks
to hours. The output of these teams is ready to be sent
to store or customer directly.

As the need for introducing flexibility in-
tensified and ability of producing small
orders became critical concept of

modular manufacturing or team work
gained popularity.

These brief examples of mass-customisation can il-
lustrate application by the industry.

e Textile & Clothing Technology Corporation
(I'C)z, USA during their research on Agile
Manufacturing started web based mass-cus-
tomisation project. A customer could log on to
(TC)? website and customise a polo-shirt for
him/herself choosing from variety of collars,
cuffs, pocket shapes, colour of the product,
colour of the logo embroidery and also could
choose specific logo to be produced on the
product. The order could be placed on the web-
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site. The orders received before 4:00 pm on any
day were produced and dispatched to cus-
tomer by next evening, using few of the tech-
nologies discussed and the Agile work force of

(TC)Z.

¢ High Tech Perfection is a chain of shops in Ger-
many and few European countries. Through
their twenty-one retail outlets they provide
mass-customised men's-wear services. They
use 3D Body Scanners to capture the measure-
ments of the customer. Measurement and cus-
tomer preference in terms of style and any other
details are sent to the factory electronically and
a mass-customised product is delivered in less
than a week's time.

Conclusion

There will always be customers who will go for
standard mass produced products. However, the num-
ber of customers looking for customisation is increasing

rapidly. Specially in apparel products, the customer
desires it to be unique to himself or herself. Tech-
nologies are available today to provide the benefit of
mass customisation to these discerning consumers. In
coming years, the additional cost of providing mass-
customisation is likely to go down substantially and the
entire process of placing order to delivery of product will
become relatively seamless.
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Management of Productivity through TPM
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Total Productive Maintenance (TPM) is a practical tech-
nique developed specifically for manufacturing or-
ganisations. This paper looks at both the need for and
actual implementation of TPM. Three case studies have
been presented. The need for implementation of TPM is
brought out through the analysis of data from the jute
industry. The various aspects of implementation of TPM
are illustrated with the help of two case studies in tyre
manufacturing industry.
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and Management, Indian Institute of Technology, Kharagpur-721 302.

Total Productive Maintenance (TPM) is a concept
much in vogue today and is directed at using produc-
tion equipment optimally for manufacturing desired
quality products. Whereas preventive maintenance is
performed to ‘keep or retain' an equipment or
machinery, in satisfactory operational condition and in-
cludes periodic lubrication, calibration, replacement,
overhaul, equipment inspection and also detection and
prevention of incipient or random failures, productive
maintenance has a much larger objective. ‘PM activities
mean not only preventive maintenance, but also a wider
PM that focuses on the life time economic feasibility’ of
the equipment (Takahashi & Osada, 1990).

Loss production caused by equipment and machine
breakdowns is not the only kind of loss which affects the
productivity of equipment and machines. Productivity is
also affected by other kinds of losses, such as:

e Setup and adjustment losses
e Losses due to idling and minor stoppages

e Losses due to reduced speed or operation at
less than full load

e Losses due to defects in process and produc-
tion of defective products

¢ Losses due to reduced yield from the startup of
the machine to the point of stable production.

These five together with the losses due to downtime
caused by equipment breakdowns are called the ‘six big
losses’ and cause reduction in overall equipment effec-
tiveness. The objective of productive maintenance is im-
provement of overall equipment effectiveness. Thus,
‘total’ in TPM stands for:

o Total effectiveness aimed at the pursuit of
economic efficiency and improvement of
productivity and profitability

o Total maintenance which must include not only
periodic, or routine, preventive maintenance ac-
tivities but also condition-based maintenance of
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plant and machinery, building in of reliability
and maintainability features, plant modifications
and other activities aimed at maintenance
prevention and designing-out-of-maintenance.

Moreover, total also includes total participation,
which, in turn, is achieved through a motivated
workforce, job enlargement of production operators,
maintenance skills training of maintenance tradesmen,
and small group activity in every department and shop
and at every level of the organisation.

The three identifying characteristics of TPM are:
stress on the elimination of the six major equipment
losses, autonomous maintenance, and use of small
group autonomous activity for TPM promotion. Break-
downs of production equipment result in loss of
availability, or productive capacity, and preventive main-
tenance, including both the periodic and predictive
kinds, is aimed at improvement of equipment availability.
This ‘breakdown loss’, or loss of availability, is widely
recognized. However, what is not recognized is that a
significant amount of productive time is lost on account
of idling and minor stoppages of production equipment
and their setup and adjustment. Autonomous main-
tenance is maintenance and care of production equip-
ment by the operators themselves, and this can help
reduce not only breakdown loss, but also losses due to
idling and minor stoppages and other equipment-re-
lated losses. However, implementation of autonomous
maintenance calls for a fundamental change of attitude
in employees —moving away from the ‘| operate, you fix’
syndrome. This change of attitude implies cooperation
and recognition of the fact that operations and main-
tenance are inseparable when it comes to the job of
looking after production equipment and machines.

Autonomous maintenance is care of
production equipment by the operators
themselves, and calls for a fundamental
change of attitude in employees—

moving away from the ‘| operate, you
fix’ syndrome.

Need for TPM —A Case Study

A case study conducted on the drawing process in
a jute mill will be used to illustrate the need for im-
plementation of TPM. A jute mill is a facility which con-
verts raw jute into hessian cloth, jute sacks, carpet
backing cloth and also jute yarn for sale. It is a good
example of a continuous process operation, where a
number of mechanical processes are used to first con-

vert the raw jute to sliver (combed and prepared fibre)
by the processes for selection, softening, carding and
drawing, then to produce yarn from the sliver by the
process of spinning, and then finally to produce end
products like, hessian and sacks from jute yarn by wind-
ing, beaming, weaving, and the finishing operations,
namely, damping, calendering, and cutting and sewing
for a sack and lapping and packing for hessian. The
sequence of operations/processes involved is shown in
Fig. 1. The quality of yarn dictates not only the quality of
the end products, but also the productivity of winding,
beaming and weaving operations which follow spinning.
Also the guality of yarn produced by spinning, in turn,
depends on the preceding operations, namely, selec-
tion, softening, carding and drawing.

After selection, raw jute is softened in the softening
machines, conditioned, and the softened and condi-
tioned jute is then passed through the breaker and finish
carding machines. These machines pull and comb the
jute to produce sliver. Drawing is a process which is
used to reduce the width and thickness of sliver. The
material from the finish carding machine is passed
through three stages of drawing. For the drawing
process, industry practice does not vary much and
same/similar machines are used by all jute mills. Work
sampling studies carried out on the three stages of the
drawing process showed that the idle time on these
machines was very high. Based on this, it was decided
to conduct production studies for a period of 8 hours on
each stage of the drawing process to identify the
various reasons for machine idling. These studies were
carried out in two mills, which will be termed mills F and
G, to get a more balanced idea of the reasons for the
loss of productive capacity and the percentage con-
tributions of these reasons.

The data obtained from the six production studies
(three stages and two mills), have been tabulated and
presented in Table 1. The four main causes of idling of
machine are pin breakage, jamming, loading and un-
loading of drums (with combed sliver) at input and out-
put sides of the machine, and non-availability of
operator. Further investigation of these four causes of
idling revealed the following:

Pin breakage: Generally occurs due to the uneven
thickness of the sliver and defects in the carriage of the
machine. Whenever a pin breaks, the machine stops
automatically and the operator informs the main-
tenance department and asks for replacement of the
broken pin (by a new one). The activity of replacement
is very simple and the actual replacement time varies
from 30 seconds to 1 minutes. However, the machine
is idle for 3 to 14 minutes, since informing maintenance
and assigning of a maintenance technician for the task
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take time in addition to the time taken by a technician
to come to the machine and replace the pin. Pin
breakage is a fairly frequent event. It is also a random
event and forecasting the number of breakages in a
shift in different stages of drawing is quite difficult.

The operator can very easily replace the broken pin

himself. From the production studies, the average num-
ber of pin breakages during a 8-hour shift was found to
be 8. Thus, if the operator had replaced the pin himself,
the machine would have been idle for a maximum of 8
minutes in a shift, on this account, as against an
average of 47 minutes, resulting in a reduction of idle
time by nearly 40 minutes in a shift of 480 minutes.

Jamming: Generally jamming is caused by the fol-
lowing: driver jam at the auto-stop rod, bar jam, sticking
of the sliver at the rubber pretting roller, and sliver
breakage at the input side. Whenever jamming occurs,
the machine stops automatically and the operator takes
necessary action to restart the machine. Jamming oc-
curs very frequently. In the studies, the average frequen-
cy of occurrence of jamming was found to be 18 per
shift. Whenever jamming occurs the machine is idle for
30 seconds to 3 minutes and more often, it is around 3
minutes.

Except for sliver breakage at input side, the inciden-
ces of jamming are machine related. Therefore, to
reduce idle time due to jamming, the operator has to
pay attention to routine maintenance, specifically ac-
tivities of cleaning of machine surfaces and rollers,
lubrication and bolting. Moreover, it is estimated that 50
per cent of the time lost due to sliver breakage can be
saved if the operator is alert and promptly repairs sliver
breakage at input side. During the studies, the time lost
due to jamming averaged at around 57 minutes in a
shift, of which two-third was found to be machine re-
lated and one-third due to sliver breakage. Even if only
50 per cent of the sliver breakage related time can be
saved, then about 10 minutes can be saved if the
operator is alert and takes corrective action promptly.

Loading and unloading of drums: The operator
stops the machine when the drum at the output side is
full of material. He unloads the full drum, loads an empty
drum in its place and restarts the machine. He also
sometimes stops the machine to load material at the
input side. Loading and unloading of drum at both input
and output sides can be done while the machine is run-
ning. The operator should be trained to do this, and if
this is done, it is estimated that 75 per cent of the time
lost on this account can be saved. The average time
taken for loading and unloading was found to be around
27 minutes, and thus with adequate training and prac-
tice, around 20 minutes, in a shift of 480 minutes, can be
saved. This is as much as 4.17 per cent saving of
productive time.

Non-availability of operator: Generally at the time of
shift change, the operator stops the machine and leaves
about 5 to 10 minutes before the end of his shift, and the
operator of the next shift starts the machine 3 to 5
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Table 1: Results of Production Studies —Reasons for Machine Idling with Respective Contribution (% idling)

State_ of Mill Total Reasons and corresponding idling per cent contributed Total Per
e ﬁzzf:gn ! Jamming  Pin Breakage Loading & Operator Material not Miscella- wgﬁ?i:,g
Unloading not available available*  neous**
of material
First F 35 16.25 12 10 5 -~ 1.75 65
G 27 14 10 - 2 - 1 73
Second F 36 10 12 6 7 - 1 64
G 26 9.37 10 3.75 1.66 - 1.22 74
Finish F 33 10 - 1.3 -] 10.0* 27 67
G 30 1 11 3 3 - 2 70

Note: * This is an isolated case and a rare happening. Poor quality of jute at input side is the main cause for non- availability of material.

** Includes cleaning, oiling and power failure.

minutes after his shift starts. So, in every shift, from 8 to
15 minutes are lost on this account. From the produc-
tion studies, the average time lost was found to be 18.91
or 19 minutes. This unnecessary loss can be totally
eliminated with greater organisational discipline and
operator involvement. The operator should hand over
the machine in running condition during the change of
shift. This will result in a saving of 3.5 to 4 per cent.

Application of Productive Maintenance

The project of application of productive main-
tenance was undertaken for the mixing and rubber
preparation section of a tyre manufacturing plant,
known as the Banbury section [Bhadury, 1998]. This
section had been plagued with poor equipment
availability, which was affecting production of tyres. The
management of the company was, therefore, interested
in improving equipment availability of this section as the
first stage of tyre production is carried out here. In this
section, rubber compound is prepared in the form of
sheets for the rest of the tyre plant. The section has four
units (and each unit is also called a Banbury and given
a number, namely, 1, 2, 3, and 4). Each unit, in turn,
consists of the following subsystems:

e Carbon weighing and feeding system
o Polymer weighing and feeding system
¢ Oil weighing and feeding system

e Internal mixer

e Extruder with R/D calender (for Banburys 1 and
3), and DC and AC mills (for Banburys 2 and 4)

e Batch-off unit.

The outline diagram of a unit showing the differert

subsystems and equipment is given as Fig. 2.

The carbon black is loaded into the six day storage
bins C1, C2, ..., C6. A screw feeder with a cut-off valve
is fitted beneath each day bin to ensure accurate feed-
ing onto the weigh scale. The material is fed into the
internal mixer through the flexible discharge and
fluidised mixer entry chute. The polymer is weighed on
the polymer band scale, and the operator can load
either bales of rubber by hand or rubber sheets using
the sheet feeder. After the required weighment, the
polymer is transferred to the intermediate conveyor,
where it is held till it is called for by the internal mixer. Qil
is stored in three heated day tanks and when required
by the mixer, is routed to the oil scale. After weighment,
the oil is pumped to the mixer with the help of the injec-
tor pump. The purpose of the internal mixer is to mix to
ingredients and to make a compound. The ingredients
(carbon black, chemicals, oil and polymer) are mixed
with the help of two flanged rotors driven by a 1500 H.P.
motor. After the mixing is over, the mix is discharged
through the discharge door onto the extruder/DC mill.
The compound is further mixed and formed into rubber
sheets in the extruder with roller die calender/DC mill
and AC mill. The batch-off unit cools and stacks up the
rubber sheets of a batch.

The equipment downtime data for the four Banburys
was collected for a six-month period from the monthly
delay time register maintained by the industrial en-
gineering department, and shift log book maintained by
the maintenance department. It was found that data
regarding setup and adjustment loss was not available.
Moreover, losses due to poor product quality, low
capacity utilisation (or speed loss) and low
yield/productivity at startup and restart did not seem to
apply to this section. Under the circumstances, the
downtime loss was classified under two main heads of
breakdowns and stoppages. Breakdowns are caused by
component or equipment failure or defect, whereas
stoppages are caused by jamming/sticking of material
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Fig. 2. Outline Diagram of Banbury Unit (Banburys 1 & 3)

(carbon black and rubber) in chutes and racks, mal-
functioning of components such as limit switches, val-
ves and air cylinders, and loss of signal resulting in the
operation of interlocks stopping the equipment.

 The causes of downtime were divided into the fol-
lowing four classes: breakdowns, stoppages, preventive
maintenance (PM) jobs and other causes. A list of other
causes is as follows: late start time, loading stopped by
workmen due to personal reasons, power failure,
material shortage, empty skid not available, absen-
teeism, chemical not ready, change of power supply,
work stopped due to technical follow-up, unmixed batch
dumped and compound change-over.

Analysis of downtime data was carried out for the
entire section (all the four units together) and also for
the four units separately. The downtime in Banbury
section during the six-month period was found to be
a significant fraction of the total available time. For
the entire section the downtime was 36 per cent of
the total time. From the unit-wise analysis of data, it
was found that downtime for the four units varied

from 34.3 to 37.4 per cent. Thereafter, further analysis
was carried out with the data classed under the four
heads as noted earlier. The distribution of downtime
for the Banbury section during the six-month period is
given in Table 2.

Table 2: Downtime Distribution for the Four Banbury Units

Unit Total Breakup of downtime under four
tljowr_\— heads
rows, Sk JBE Pl O
(%) (%)
Banbury 1 ar4 8 25 22 45
Banbury 2 36.7 3 26 22 49
Banbury 3 343 8 31 09 52
Banbury 4 36.6 4 25 35 37
Banbury Section  36.0 6 26 22 46

The following conclusions were drawn from the
analysis:

e Avallability was only 64 per cent and there was,
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thus, a need to take appropriate measures to
reduce downtime.

¢ Downtimes on account of stoppages, preven-
tive maintenance and other causes were found
to be significantly higher than that due to break-
downs—for the section as a whole, only 6 per
cent as compared to 26, 22 and 46 per cent.

o Loss of availability due to other causes was very
high. Also since these causes were not under
the control of maintenance department, ap-
propriate steps to minimise this loss should be
taken by the plant management.

e Machine downtime for preventive maintenance
was on the high side and needed to be
reduced. Proper planning and scheduling of
preventive maintenance jobs and a com-
puterised maintenance management informa-
tion system for scheduling and control were
recommended.

e Stoppages accounted for as much as 26 per
cent of the total downtime and nearly four and a
half times of that for breakdowns. Whereas,
downtime for each stoppage was comparatively
small, the number of stoppages was very large.

Subsequently, a detailed analysis of all breakdowns
and stoppages, which accounted for one-third (6 + 26
= 32 per cent) of the loss of equipment availability, was
carried out to identify the vital stoppages and break-
downs. This analysis revealed that out of a total number
of 163 failures and stoppages, the first 60 (ranked ac-
cording to the total downtime per month) accounted for
80 per cent of the downtime. The remaining 103, not only
accounted for just 20 per cent, but also had very low
frequency of occurrence (number of occurrences per
month did not exceed two, with most occurring only once
during the month). Based on this, it was decided to
concentrate on the first 60 breakdowns and stoppages.
Further, analysis showed that the first 60 consisted of only
9 breakdowns, whereas 51 were stoppages. Moreover,
since the taking up of 60 problems was a difficult proposi-
tion, it was decided to do the task in two phases, con-
centrating on a smaller number of problems in the first
phase, and after the successful completion of the first
phase, taking up a large number in the second phase.

A closer study of the first 60 failures and stoppages
revealed that the first 18 accounted for 50 per cent of
the downtime and the remaining 42 accounted for the
balance 50 per cent. Accordingly, it was suggested to
the management that in phase 1, the first 18 problems
should be tackled, and after the successful completion
of phase 1, the remaining 42 should be taken up in
phase 2.

Coming next to the first phase of implementation of
productive maintenance for the Banbury section, closer
observation showed that the first 18 problems con-
sisted of 15 stoppages and 3 breakdowns. The in-
cidence of these breakdowns and stoppages could be
reduced by taking certain preventive actions. These, in
turn, could be in the form of maintainability improve-
ments, autonomous maintenance, or preventive main-
tenance, which could either be periodic (not daily)
preventive inspections, or preventive replacements.
Three out of the 18 problems (or out of the 15 stop-
pages) were identified for maintainability improvement
efforts. The relevant details for these three stoppages
are given in Table 3. These three problems were sub-
jected to critical analysis. In the first case, it was found
that jamming is caused by the clogging of rubber
pieces and other materials in the suction pipe of the
pump. This problem required a minor modification to
the plant consisting of the incorporation of a filter to
the end of the suction pipe dipped in the slurry tank.
In the case of the other two problems, maintainability
improvement took the form of the incorporation of im-
proved operating procedures. The remaining 15
problems were also taken up and for each problem,
the necessary preventive action was determined, and
the frequency of the preventive action, either preventive
inspection/check (in most cases) or preventive replace-
ment, was decided upon.

Table 3: Stoppages Identified for Maintainability Improvement Ef-

forts

Description of Frequency Average Total

problem (occurrence downtime downtime
per month) in minutes  per month

Slurry pump 1 28 308 minutes

jamming

Band scale problem 10 16.5 165 minutes

Carbon leakage 3 53 160 minutes

and carbon

jamming in chute

and screw feeder

Moreover, if the preventive action necessary was in
the form of daily cleaning, lubrication and bolt tighten-
ing, or simply daily/routine checking/inspection, then it
was proposed for inclusion under autonomous main-
tenance to be carried out by the equipment operators.
Simultaneously a computerised maintenance manage-
ment information system, based on a comprehensive
data base, was designed and the job of its implementa-
tion was taken in hand. The proposed system had the
following desirable features:

e It was userfriendly and also had the query
facility.
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* It permitted detailed and varied type of analysis.

e It could be used not only to produce different
types of regular and special reports to support
managerial decisions but also could serve as a
decision support system for planning of main-
tenance activities, both preventive and correc-
tive in nature.

Implementation of TPM in a Tyre Manufacturing
Company

A study was undertaken in a company —the second
largest tyre manufacturer in the country [Bhadury,
1998]. In recent years, however, competition, both
domestic and foreign, had been threatening its position.
It had become necessary, therefore, to further improve
the product quality, and simultaneously reduce the
manufacturing cost. To further improve its quality image
and increase exports, the management of the company
had also decided to work towards obtaining an 1SO
9000 certification.

The manufacturing unit of the company was
headed by a Vice President and employed over 3,000
persons. The technology used was state-of-art and the
production shops we.e also well laid out. Moreover,
since quite a few years the unit had been following the
traditional system of preventive maintenance and also
100 per cent inspection of the product at various
stages throughout the manufacturing process. Certain
drawbacks of the existing system had recently come to
light and were follows:

e Only preventive maintenance had not been use-
ful in correcting recurring defects,

* 100 per cent inspection had essentially been a
process of sorting good products from bad and
had been far from cost-effective.

In addition to this, the operators had little respon-
sibility for quality and no apparent incentive for building
a tyre right the first time. The quality control department
acted as a “police force” trying to enforce corrective
action after a defective item was found and thus, inspec-
tion by the quality control department had been directed
only at defect detection and no attempt had been made
at defect removal. The quality and productivity perfor-
mance had not been upto the expectations of the
management. Equipment availability in some critical
processes such as curing, had also been a nagging
problem. Any attempt at improving product quality and
reducing the number of breakdowns had always been
met with a call to increase the number of inspectors,
and the resulting increase in the number of inspectors

and maintenance tradesmen had not always borne fruit.

The company manufactures heavy duty tyres, such
as truck tyres, and tyres for tractors and earthmovers
etc. A tyre is a composite of rubber, fabric, beadwire,
carbon black and chemicals. All these components are
mixed and processed together in the raw state to form a
green tyre. To get the required properties, a green tyre
is cured in a curing press by a process called vulcanisa-
tion. The various processes used in the production of a
tyre, and accordingly, the production departments of
the manufacturing unit were as follows: Mixing,
Calendering, Bias cutting, Band building, Extruding,
Truck tyre building and Curing.

For curing, the unit had various sizes of curing pres-
ses to suit various tyre sizes. Fig. 3 gives the flowchart
showing the various processes used in the production
of a tyre.

The long and extensive process of manufacture of a
tyre demanded constant coordination between depart-
ments since otherwise delay at any intermediate stage
would show up in the end, either on account of the loss
of green tyre (LOGT), or due to sporadic breakdowns.
The adverse effect of LOGT could be minimised by en-
suring that a particular tyre, which was either low in
inventory or had an immediate demand, was built. This
could also be done when there was either a shortage of
personnel in a particular shift, or a breakdown on one,
or a couple, of the tyre building machines. The only
place where the timings, or production, could not be so
adjusted was the curing department, because the cycle
time of curing for a particular type of tyre was fixed.
Thus, delay, or loss of production, on account of LOGT
was not expected, and had in fact been rarely observed.
However, curing was the last stage of the manufacturing
process, and the product obtained after curing directly
affects the “output”. In the curing department, it was
further observed that one of the bag-o-matic presses—
the E-2 press—was scheduled for overhauling and
during overhauling, the following problems had to be
attended to:

e Right side inner bull gear bushes had moved
resulting in the lubricating oil not reaching the
seal.

The long and extensive process of
manufacture of a tyre demanded

constant coordination between depart-
ments.
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Table 4: E-2 Press Performance

Day Number Avail- Perfor- Quality Effective-
of tyres ability mance Rate ness

cured Rate (per cent)
1 24 0.777 0.750 0.875 50.99
2 30 0870 0833 0867 6275
3 %8 083 0813 0712 4839
El 32 0.892 0.871 0.812 63.08
5 a* 0.667 0.602 0.750 30.09
6 24 0.739 0.788 0.833 48.52
¥ 30 0.833 0.875 0.833 60.71
1-7 176 0.801 0.790 0.811 51.32
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Fig. 3. Flow Chart—Production of A Tyre

e The hydraulics of the press was in bad shape
and had a lot of problems.

e The valves of the press, besides the pipelines,
had a number of leakage problems.

Moreover, the performance of the E-2 press had
been far from satisfactory and in the last six months, its
overall effectiveness had never crossed 60 per cent. As
an illustration, the weekly performance figures of the E-2
press (for a period of one week—on a daily basis—as
submitted to the management) is given in Table 4.

*Sunday/Holiday

Since curing is the last stage of the manufacturing
process and the performance of the curing department
affects both quality and quantity of output, it was
decided that TPM implementation should start from this
department. Also it was decided to take the E-2 bag-o-
matic press for implementation of TPM.

For effective implementation of TPM, not only
should one know which particular area of the plant is
experiencing problems, but also be able to identify
these problems and their solutions. The first task was
thus to preferably get all employees from the top
management to the operators on the production line for
discussion on a common platform and to get their views
and suggestions on improvements. From this point on-
wards, a series of brainstorming sessions on specific
areas of the problems were held with a view to pinpoint
optimal solutions. A large and extended team compris-
ing the top management, managers of different func-
tions, such as production, engineering maintenance,
electrical maintenance, technology (rubber technology,
as in the preceding case) and R & D, supervisors and
shop floor workers, both from maintenance and produc-
tion, was formed for this purpose. Close monitoring of
parameters and performance at all levels assisted in the
understanding of the equipment and development of ef-
fective countermeasures.

For the effective implementation of

TPM, not only should one know which
particular area of the plant is experienc-
ing problems, but also be able to iden-
tify solutions.

After many such brainstorming sessions, a number
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of improvements were identified for the E-2 press. These
improvements were classified under three heads, name-
ly engineering and technical, production, and energy
conservation:

Engineering & Technical Improvements

e Sinclair Colin diaphragm valves should be used
for increased reliability and easier maintenance.

e The hydraulic unit should be raised on a plat-
form and should be improved by the provision
of rupture discs.

¢ In addition to rubber cup washers, brass piston
rings should be used.

e Grease-based lubrication system should be
used for improved lubrication and better
monitoring.

e Better quality teflon gaskets should be used for
the main cylinder and dome to reduce
leakages.

e Both the dome grooves should be repaired.

e For greater reliability, the pressure switches
should be relocated, the diameter of the copper
tubes should be increased and bleeding points
should be provided (in the copper tubes).

e Strain gauges should be provided on both
arms.

e Valves and pipelines should be standardised as
per the L & T presses.

e Solenoid valves should be relocated for easier
access.

e All bends and fittings should be of the forged
socket weld type.

e Diameter of the dome steam condensate pipe
should be increased (for improvement of water
removal).

e Bottom dome opening (provided for removal of
water) should be made.

e In place of conventional timer, PLC should be
used.

e Leslie valve should be provided for better and
individual shaping control.

Production Improvements

e Two separate hydraulic valves should be
provided for individual cylinders to avoid delay
in cylinder movement.

e The near and front arms should be adjusted for
the convenience of unloading of tyres.

e Signal blinker lamps should be provided for in-
dicating cure malfunctioning.

e Provision of bladder stripping during shaping of
tyres.

¢ Mould lighting should be improved.
e Cylinder ejection should be preponed.

Energy Conservation

e Calcium silicate insulation should be used for
the presses.

e For improving reliability of steam traps, strainers
should be used on the dome condensate line.

e For improved flushing, an additional half inch
line should be provided for the internal drain.

Steps in TPM Implementation

An integral part of any successful implementation
project is the active and continuous support of top
management. The positive attitude and active involve-
ment of senior management personnel fosters a
dynamic, team-oriented environment, which transcends
all working levels. The first stage of implementation of
TPM is called the preparation stage. Herein one tries to
create a suitable environment by establishing a plan for
the introduction of TPM. The ten basic steps, which
were followed for the implementation of TPM in the
manufacturing unit, are as follows:

e Announcing top manage-
ment's decision to introduce

TPM
e Launching of educational cam-
paign Preparatory
e Creation of an organisation to Stage
promote TPM

e Establishment of basic TPM
policies and goals

e Formulation of a master plan
for TPM development —

e Improvement of equipment effectiveness

e Establishment of an autonomous maintenance
programme for operators

e Setting up of scheduled maintenance
programme for the maintenance department
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e Conducting training to improve operation and
maintenance skills

e Development of new
management programme.

(initial)  equipment

The formal presentation was made in this case by
the Director of the Production Division in a meeting
with all employees chaired by the Vice President.
During the presentation, the Director of Production
Division was assisted by the Director of the Engineer-
ing Division. Also in the plant, the task of education
and training was taken up seriously by the managers
of the maintenance and tyre production departments
and the middle management personnel. Educational
campaign was launched soon after the introduction an-
nouncement. The objective was not only to explain
concepts, goals, and benefits of the practice of TPM,
but also to raise employee morale and soften their
resistance to change. It was found that resistance to
TPM came from both equipment operators and main-
tenance tradesmen. TPM education of workmen in-
cluded slide presentations and other visual aids.
Supervisors and middle management personnel were
invited to address sessions in which they explained
their expectations and related their experience. TPM
training was more specific and it dealt with the
specifics of participation and problem-solving in PM
groups and circles. The training module used for the
supervisors also included group dynamics, facilitation
and leadership.

Educational campaign was launched
not only to explain concepts, goals, and
benefits of the practice of TPM, but also
to raise employee morale and soften
their resistance to change.

After the completion of the introductory education
of the employees at different levels (to create an aware-
ness of TPM) the task of forming an organisational
structure for the promotion of TPM was taken up. It
became necessary to modify the company's organisa-
tional structure to enable integration of the structure
used for TPM promotion with the organisational struc-
ture of the company. The modification was carried out in
two steps, and with the modified structure in place, the
organisation structure for TPM promotion was created.
The fourth step of implementation was the first major
task undertaken by the management. It was recognised
that although the policies may be abstract written or
verbal statements, the goals should be quantifiable and
precise, specifying the what (objective/goal), how much

(the targeted quantity) and when (time frame/plan
period). For example, a basic management policy may
be as follows:

“To reduce losses by eliminating breakdowns, stop-
pages, defects and accidents, while enhancing the
profitability of the company and creating a
favourable work environment for all employees”.

In this statement, the objectives of the management
are clear, and at the same time, the basic policy can be
stated in concrete figures, such as the goals given in
quantitative units. However, since the total elimination of
breakdowns, stoppages and defects may not be pos-
sible, the management must set intermediate goals. At
this stage it was decided that the annual goals should
be determined by the managers and supervisors, who
should, in turn, ensure that the improvement themes
and goals set by the small groups at the shop floor
workers' level were consistent with the overall goals of
the company. Meetings were held to determine the tar-
get areas and to set goals.

Since the total elimination of break-
downs, stoppages and defects may not
be possible, the management must set
intermediate goals.

After the formulation of the basic policy and defini-
tion of goals, a master plan for TPM implementation was
established. It concentrated on the following five basic
activities.

o Improving equipment effectiveness through
minimisation of the six major losses. This ac-
tivity would build the foundation for implementa-
tion of autonomous maintenance.

o Establishing an autonomous maintenance
programme for equipment operators.

e Ensuring a reasonable level of product quality
and concentrating on activities directed at im-
provement of -quality.

e Establishing a schedule for periodic preventive
maintenance of equipment to be carried out by
the maintenance department.

e Education and training of personnel to improve
their knowledge/abilities and skills.

It was also decided that this master plan should be
reviewed and revised, if necessary periodically, to en-
sure that the projects do not fall behind schedule. These
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five steps were the preparatory steps and the actual
implementation of TPM had yet to start. It had, quite
obviously, to begin with the battle against the six major
equipment-related losses.

The start of actual implementation was the holding
of the TPM ‘kickoff’ to usher in an atmosphere that in-
creases worker morale and commitment. At the tyre
manufacturing factory, the kickoff took the form of a
meeting which was attended by all employees and in
which the top management gave a report of the plans
developed and also the work done during the prepara-
tion stage, presented the basic TPM policy and goals,
and the master plan for TPM development.

E-2 bag-o-matic press and the curing department
had been chosen as the starting points of TPM im-
plementation and accordingly, the sixth step consisted
of equipment effectiveness improvement efforts for the
E-2 press. Engineering and maintenance personnel,
production supervisors and members of PM circles and
sub-circles were organised into project teams. Improve-
ment projects had already been identified, and each of
these teams concentrated on a few of the identified
projects. The efforts of the teams were crowned with
unprecedented and unexpected success. Through im-
plementation of the improvement projects, equipment
effectiveness of the E-2 press went up from around 60
per cent to more than 90 per cent. During the first week
after implementation (during the first seven day period),
it went up to 89.5 per cent. There was further improve-
ment in the following week with the effectiveness going
up to 96.1 per cent. This impact could be maintained,
and thereafter, equipment effectiveness had been kept
at a figure above 90 per cent. Details of the performance
of E-2 press are given in Tables 5 and 6.

The second basic activity of the master plan was
establishing an autonomous maintenance programme
for equipment operators. This step was taken up pretty
early in the TPM implementation programme because it
would take time to change deep-seated attitudes and
habits. It was decided that in addition to training in
autonomous maintenance skills, equipment operators
must start the practice of autonomous maintenance and
this, in turn, must start with cleaning of equipment and
developing own cleaning and lubrication standards.
Based on this, it was decided that the following
programme would be adopted for the production line
workers initially in the curing department and later in the
remaining manufacturing departments:

e [nitial cleaning

e Developing countermeasures for the causes
and effects of dirt and dust

Table 5: E-2 Press Performance After TPM

Day Number  Avail-  Perfor-  Quality Effective-
of tyres  ability mance Rate ness

cured Rate (per cent)
Before TPM 30 0.833 0.875 0.833 60.71
1 34 0.854 0.967 0.941 77.70
2 40 1.000 0.972 1.000 97.20
3 36 0.924 0.947 1.000 87.50
- 38 1.000 0.924 1.000 92.40
5 40 1.000 0.972 1.000 97.20
6 12* 1.000 0.875 1.000 87.50
7 38 0.965 0.957 1.000 87.50
8 40 1.000 0.972 1.000 97.20
9 40 1.000 0.972 1.000 97.20
10 40 1.000 0.972 1.000 97.20
11 40 1.000 0.972 1.000 97.20
12 42 1.000 1.021 0.952 97.10
13 12* 1.000 0.875 1.000 87.50
14 42 1.000 1.021 0.976 99.60
15 40 1.000 0.972 1.000 97.20
16 42 1.000 1.021 1.000 102.10
17 12* 1.000 0.875 1.000 87.50
18 40 1.000 0.972 1.000 97.20
1-7 238 0.963 0.944 0.984 89.50
8-14 256 1.000 0.972 0.989 96.10

*Sunday/Holiday

Table 6: E-2 Press Weekly Performance

| Week  Number Avail-  Perfor  Quality Effective-
[ of tyres  ability mance Rate ness
cured Rate (per cent)
Before TPM 176 0.801 0.790 0.811 51.32
1 238 0.963 0.944 0.984 89.50
2 256 1.000 0.972 0.989 96.10
3 230 0.997 0.960 1.000 95.71
4 248 0.978 0.972 0.987 93.82
5 222 0.980 0.960 1.000 94.08
6 260 1.000 0.972 0.993 96.51
T 254 0.983 0.953 1.000 93.67

Developing cleaning and lubricating standards
General inspection

Developing inspection standards

Organisation and tidiness

Full implementation of autonomous main-
tenance.
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The first three activities were necessary to prevent
deterioration and maintain the basic condition of equip-
ment, and the fourth was aimed at detecting and
measuring deterioration, if any, through general inspec-
tion. Earlier, at the end of the fifth step of implementation
of TPM, it had been decided that in addition to maintain-
ing basic conditions and carrying out general inspection
of equipment, operators were also to be responsible for
the following:

e correct operation and setup (setting conditions
and checking product quality)

e detection and treatment of abnormal conditions

e recording data on operation, quality and
processing conditions, and

e minor servicing of equipment.

With this, the programme for the production depart-
ment was finalised.

Development of a scheduled maintenance
programme (of jobs to be carried out by the main-
tenance department) actually began before the setting
up of the general inspection procedure by operators.
The maintenance department developed equipment
standards independently, so that these were available
for comparison with the standards set up by operators
during the autonomous inspection stage. It was realised
that a clear division of the responsibilities of the two
departments is the key to thorough inspection and ef-
fective equipment inspection can only be accomplished
when the two sets of standards are combined. Training
is very important and the company must make this in-
vestment. Competence of the maintenance personnel is
essential for success of the implementation programme,
and considerable effort was made for upgrading the
‘know-how’ of maintenance tradesmen. At the end of
this step, operators were also able to operate their
equipment safely and as per the set standards, in addi-
tion to maintaining basic equipment conditions. Then
the TPM Promotion Committee gave its recommenda-
tion on the new maintenance policy. These recommen-
dations were as follows:

e Autonomous maintenance — enforcing daily and
weekly inspections by equipment operators.

e Improving corrective maintenance techniques
through upgradation of skills of maintenance
personnel.

o Identification and correction of plant abnor-
malities which cause low equipment availability,
high maintenance costs, or poor quality. Also
ensuring feed back of such information to main-

tenance planning section, and design for plant
and equipment modifications and main-
tainability improvements.

New equipment management is a very difficult task.
Problems often show up during test running and start
up, and design, process and maintenance engineers
may have to make improvements before normal opera-
tion can begin. The objectives of new equipment
management programme are improving equipment
reliability and increasing ease of maintenance. It was
decided to work towards these objectives through im-
provement activities by ensuring the following:

e Proper attention to reliability and maintainability
features, safety, and economy of life cycle costs
during equipment investment planning and
specification development stages of the life
cycle.

e Setting up a team for developing equipment
specifications, installation plans and commis-
sioning trials. This team should include repre-
sentatives from design/engineering, process/
technical, operations/production and main-
tenance departments.

e Working with the equipment manufacturer to
ensure that the equipment is actually manufac-
tured according to specifications.

e Reducing the time period from acquisition to
stable operation by proper execution of installa-
tion plans, commissioning trials and debugging.

With the completion of this step, the work of TPM
implementation in the curing department had been
completed. However, this was just the beginning of the
TPM implementation programme, since TPM had yet to
be implemented in other departments, for other
processes. Moreover, there were still a number of loose
ends and therefore, the work of refining and perfecting
TPM implementation had to be taken up.

The three case studies discussed are quite different
in size, scope and area of application. However, they
are complementary in nature, and together help to
bring out the salient points about TPM—its need and
implementation.
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Focus

World Class Manufacturing: A Strategic

Business Driver

G.D. Sardana

Globalisation has brought sweeping changes in many
areas of business activity. Manufacturing, till recently
has been mostly supply driven. Its performance evalua-
tion has been confined to measures such as the
productivity of labour, materials and capital, manufac-
turing cost, capacity utilisation, losses on shopfloor and
value addition. Later day models have advocated meas-
urement of system productivity. Manufacturing has
hardly focused on issues such as long range capability
planning, choice of technology, a culture of manufactur-
ing excellence, inncvation plans etc. Competition
ushered through globalisation has brought new chal-
lenges. Manufacturing has come to be recognised as a
strategic business driver. There is a movement to meet
the challenge by adopting and deploying world class
best practices in manufacturing activity. There is a need
to carry out benchmarking and global standards. This
paper examines the role of manufacturing and evalua-
tion of its performance in a historical perspective. It
also brings out the characteristics of world class manu-
facturing in various sub-systems. An approach has
been suggested to evaluate the readiness status for
world class manufacturing (WCM) in an organisation.

G.D. Sardana, Director, Ujala Pumps Pvt. Ltd., New Dalhi.

WTO agenda has created many serious imperatives
for trade and industry in general and manufacturing in
particular. The rules of multilateral trade, intellectual
property rights, policies, regulations and laws related to
environment, labour standards, good governance and
product quality standards as applicable to industrialized
world are to be applicable to developing economies as
well, in a defined frame work of time. It has ushered in
an era of globalisation where the competition is
worldwide and survival is based on capability to meet
the marketing challenge. The revolution taking place in
diverse fields such as IT, bio-technologies, communica-
tion, medical sciences, new materials etc. has only
strengthened the process of globalisation. The changed
economic environment has come to stay. The concerns,
apprehensions and fears of the new order have to be
addressed. There are no alternatives except to re-or-
ganize, re-structure and prepare to compete in world
markets. It calls for meeting world competition, both in
domestic and international markets.

Global competition requires a world class perfor-
mance. It requires development of ability and com-
petence in a number of areas. Manufacturing and
manufacturing infrastructure constitute a basic require-
ment to build a strong economic foundation. Many
economists opine that generation of wealth is through
value addition, an essential component of manufacturing.
It is therefore, essential that the manufacturing system is
strengthened; the competence and capabilities are en-
hanced; technology is upgraded on a continuous basis
and performance broughtto alevel to meet the challenges
of highly dynamic environment of global competition.
World Class Manufacturing (WCM) is to be understood
and appreciated in this context.

WCM encompasses several facets. It calls for
availability of world class technology, the capabilities to
respond quickly, efficiently and effectively to desired
changes in demand, commitment to customer focus,
product and process quality and a vision to reach
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reduced'process cycles, reduced cost of production
and flexibility of operations.

Manufacturing: A Historical Perspective
Beginning of the organized effort

Man over generations has endeavoured to carry out
different tasks by harnessing human skills and develop-
ing appropriate tools. However, the first of the organized
efforts to establish manufacturing as a functional activity
can be traced to decade 1760-1770, which brought con-
tributions of James Watt and ushered in industrial
revolution. The manufacturing practices centered
around the deployment of skills of workman on ap-
propriate jobs. Both quantity and quality of production
came to depend on the skills of the labour. Production
measured in physical units came to be accepted as the
major measure of manufacturing. What came to be
produced had a ready market. As more and more in-
dustrial units came up to produce the same or similar
products, an element of competition got introduced.
The manufacturing performance came to be evaluated
in terms of efficiency.

Production measured in physical units
came to be accepted as the major
measure of manufacturing.

Days of Scientific Management

The turn of the 20th century saw the advent of
‘Scientific Management’. FW. Taylor differentiated the
role of the manager and the workman. He advocated
that management should take responsibility in planning,
direction and organizing work and labour to carry out
assigned tasks. Thus it came to be recognized that
managerial capabilities had an important role to play in
the process of production. Scientific management also
brought in improved process quality and hence better
quality products with consistency in performance. As-
sembly lines helped the quality dimension as these
called for use of interchangeable parts. Assembly line
products on account of consistency enjoyed an edge
over others. Scientific methods of production and a
motivated workforce increased efficiency and brought
down cost of production. Element of cost emerged as
another factor of competition.

Age of Mechanisation

The two world wars brought radical changes in

manufacturing practices. Optimisation of production
and optimum use of resources became the strategic
policies. A new multi-disciplinary approach, known as
Operations Research was born. This emphasized the
development and applications of mathematical models
as linear programming queuing theory, forecasting tech-
niques, Monte Carlo simulation methods etc. Machine
tools were redesigned with increased work parameters
as well as with multiwork stations permitting use of one
workman over multi machine systems. Alongside labour,
the importance of machines and materials also came to
be recognised. Evaluation of manufacturing also
changed. The measures got enlarged. New measures
included output from labour, yield from materials and
efficiency of machines. Process rejections on the shop
floor, wastage of materials, machine utilization, machine
downtime also came to be considered. Value added per
man hour and value added per unit of material became
other criteria.

Era of Mass Scale Production

End of the second world war ushered in newer
manufacturing concepts of faster assembly lines and
high speed tools suitable for large scale/mass produc-
tion. Mass production technology was also responsible
for introducing consumer goods. Optimum utilisation of
hard assets, that is inventory, plant & machinery, build-
ings, land became important criteria. Material planning
and inventory control came to be recognized as full dis-
ciplines.

Age of Automation

Late 1970's ushered in an age of automation. Con-
sumer products had created a new market segment and
a new class of customers. Factors that influenced
production included product and process technology,
ability to innovate, a high emphasis on quality and a
controlled cost of production.

Contemporary Manufacturing

The current scenario is changing rapidly. Global
competitive equations and multi-faceted constraints are
propelling manufacturing in several directions. Revolu-
tion in IT and telecommunications witnessed in the last
decade, a high customer expectation of responsive-
ness, service and satisfaction, availability of a wide
choice of branded and unbranded products, short
product cycle, reduced lead time from concept to
materialisation of the product, quality and costs have
necessitated reinventing manufacturing. New trends
have emerged in the manufacturing technology encom-
passing both products and processes. Manufacturing
management is expected to compete globally for the
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survival of the corporation. Global competition implies
that the manufacturing must reach world class perfor-
mance. It should develop characteristics which suc-
cessful manufacturing strategies possess and are
termed as world class manufacturing. WCM does not
therefore imply competition only in foreign markets but
is equally valid for domestic markets also.

Characteristics of World Class Manufacturing

WCM has been discussed by several authors and its
characteristics brought out in detail. Deshmukh and
Dangayach (1998) have highlighted strategy as its main
characteristic covering areas of planning, role of
manufacturing, development of human resources and
communication. Other characteristics include:

e Long range orientation
e Stress on continuous improvement
e Supplier-customer integration.

Sahay and Saxena (1999) have also emphasised
the importance and relevance of WCM to the industry in
developing economies now exposed to the uncertain
environment of global competition and quote Kinni that
WCM is characterised by three core strategies of cus-
tomer focus, quality and agility and six supporting com-
petencies of employee involvement, supply manage-
ment technology, product development, environment
responsibility and employee safety and corporate
citizenship. It is proposed to study WCM characterised
in sub-systems of:

e Manufacturing Strategy

e Manufacturing Technology

e Manufacturing Management Practices
¢ Human Resource Management

Manufacturing Strategy

Manufacturing strategy has been generally defined
as a series of sequential decisions that concern with
setting of broad policies and plans of acquisition and
deployment of resources to achieve desired manufactur-
ing objectives. These objectives relate to manufacturing
structure, infrastructure, establishment of capabilities and
plans to win competitive advantage in the long term.
Manufacturing strategy is to establish guidelines and
policies for various functional areas so as to utilize the
manufacturing strengths most effectively for achieving
corporate objectives. A clear manufacturing strategy can
be examined under several Key Performance Areas
(KPA's), the prominent ones are, as follows:

Table 1: Sub-systems and KPA's for World Class Status

Sub-Systems Key Performance Areas

Manufacturing Alignment with business objectives
strategy Long range focus

Focus on customers

Focus on flexibility

Supply Chain Strategy

Manufacturing Alignment with Products

Technology High work parameters
Automation Reliability
Focus on IT
Manufacturing Materials management practices
Management Quality practices
Practices Productivity practices

Performance Measurement practices
Maintenance practices

Human Resource Organisation Development
Management HRD
Employee welfare practices
Environment protection practices
Customer service orientation

Manufacturing strategy is to establish
guidelines and policies for various func-
tional areas so as to utilize the manu-
facturing strengths most effectively for
achieving corporate objectives.

Alignment with Business Objectives

Business objectives generally are concerned with
competitive dimensions of market. Not much attention
is paid to the manufacturing; it is presumed that it will
adjust and deliver the goods. However, in a highly com-
petitive and turbulent environment it is necessary to
align the manufacturing capabilities with business
strategy. High volume and requirements of flexibility (to
go for product variations at short notice) call for dif-
ferent manufacturing systems. One calls for automation
and facilities for mass production, the other for adoption
of agile manufacturing. The process of proper alignment
calls for identification of winning criteria or priorities that
will win against competition. Change of business objec-
tives can necessitate new investment in plant and
machinery and installation of new technology.

Long range Focus

Often manufacturing plants have been set up to
reap harvests of short term or ‘friendly’ interests. Plants
have been setup to obtain calculated subsidies as of-
fered by the state in the form of concessions on sales
tax, energy, land prices, infrastructure, export incentive,
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