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ABSTRACT

Manufacturing companies all around the world arc facing unstable environment due to
global competition, improvement in manufacturing processing technologies, innovative
product development and marvclous customer service. The survival of these companics
depends on rapid solutions to obtain effective management, marketing, finance and
decision making process. This demands to take right decisions making at the right time.
The problem is thercfore multi- dimensional i.e. timely related decision making process,
agility and utilization of information (resources) to coordinate between various activities
like design, manufacturing, marketing, financing, distribution to achicve specific
corporate objectives. Manufacturing i1s the second largest scctor of the cconomy
contributing more than 17% of GDP and engaging 11% of employed labor force in
Pakistan. Basic manufacturing sector can be classified into process industry and discrete
parts manufacturing industry. The growth in discrete parts sector has picked up during the
last couple of years and plays a vital role in economic development of country.
Unfortunately, not much attention had been paid in discrete parts scctor (especially on
automobile as this is one of the fastest growing sector) which is considered as a back
bone of economy. Due to this reason, discrete parts automobile manufacturing industry in
Pakistan is affected with more turbulent, dynamic and joiting business environment. In
order to compete in the world market, local manufacturing industry necds to acquire
world class performance irrespective of whether they are domestic manufacturers or
exporters. To some extent industry has realized this fact and risen to the challenges. but
the battle for survival and industrial growth has just begun. Obviously, the success of
industry lics in mecting the challenge and effectively cope with existing situation by
proposing concrete solutions to move itself from protected domestic market o a world
class manpufacturing status quickly and efficiently in a systematic and coherent manncr,
Apparently, one logical solution would be to invitc major changes in the national level
policies that rationalize tax/ tariff structures on the one hand while inercasing the size of
the middic class on the other so that a larger demand of products can be created. This
approach, however, docs not allow a major role for the manufacturcrs. We have thercfore

adopted an alternative course of action, which suggests concrete actions (in the form of



manufacturing strategics/[ramework) on the part ol local manulacturers as there is u lot of
pressure on Pakistani manufacturers to increase their product quality and rcliability
particularly due to increasing competition and likely changes in the world trade structure.
It is therefore, imperative for the industry to improve its productivity and competitiveness
which aid local manufacturers as no significant studies are available for utilization by the
manufacturers in Pakistan.

The plan of action in this regard is to develop an understanding of existing scenario of
manufacturing industries and assess the direction in which it is heading. A questionnaire
was designed in consultation with the practicing managers, discussions with Engincering
Development Beoard (EDB) Pakistan sector development group. The questionnaire
containing questions like manufacturing firm’s objectives; familiarization/practicing of
methods/systems, assessing existing infrastructure and problems encountered. I'rom the
responses of questionnaire, the manufacturers rated agility, supply chain and faster
product devclopment as the most important strategic objectives, but are still operating
business in conventional ways. The quality practices are aiso at infancy stage as
companies are not focusing on continuous improvement philosophies both in products
and processes. Flowever, manufacturers are quite aware of the tools/techniques/ methods
being practiced in industry. In order to assess level of tools/ techniques practices, we have
calculated breadth versus depth approach, The breadth assesses the manufacturcr’s know-
how about tools/techniques/methods and depth spot out what manufacturers are actually
practicing. Based on breadth and depth percentages, it was found that breadth (know-how
of systems) is moderate, but depth (practicing within shop floor) is very low. This
illustrate that manufacturers arc aware of strategic objectives, but their practices arc far
away from their stated goals. Having right objcctives may not lcad to superior
performance, but operating without them would guaranice to lead to competitive
disadvantage. The findings of the survey cxercise aiso identified three types of
manufacturers by comparing their stated objectives with international standards. The
manufactures 1identified in our benchmarking exercise are termed: ‘Protector’,
‘Offensive” and ‘Innovative’ corresponding to low cost, high quality with customer
focused and value added ones to outperform competition. Most of the companies claimed

that they arc practicing tools/techniques (as asked in the questionnaire), but it was evident
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from questionnaire responscs that they have achieved a nceessary not a significant
condition.

An alternate method for analyzing of existing manufacturing environment is plotting
industrial data on standard PPMx. [t showed that there exists ‘medium volume- low
variety manufacturing environment in automobile industry’ which is uneconomic as
major investments are made haphazardly without knowing Product — Process match of
their existing infrastructure as advocated by Hayes and Wheelwright (1979a,b). In order
to copc with this environment a framework is developed for operationalizing of
tools/techniques systematically for each type of manufacturers (Protector, Offensive and
Innovative) on PPMx so that manufacturers can be benefited from these tools/techniques.
The framcwork consists of four phases, i.e. competitiveness/objective identification
phase, strategy formulation phase, model development and evaluation phase, validation
phase. A company may opt for being the lowest cost producer, highest quality/customer
focused and product differentiators with improved customer satisfaction level. Bach off
these competitive advantages forces the organization to adopt a particular manufacturing
strategy, which may in tum demand a particular type of manufacturing system,
organizational set-up, material handling mecthods, information processing and
manufacturing control systems (characteristics). It starts typically by comparing existing
industrial sector analysis (capacity, technology/manufacturing capabilities) and current
market environment, The comparison results in identifying competitive drivers and hence
setting the objectives accordingly. Based on the objective settings and competitive
drivers, manufacturing option strategy is formulated comprising of three types of
manufacturers (protector, offensive and innovative) identified as a part of research in our
benchmarking/survey exercise. Having selected an objective ¢.g. cither low cost, high
quality/flexibility and innovation, strategies are formulated with  objective,
operationalization and continuum (characteristics). The strategics are termed ‘protector’
carresponding to low cost, ‘offensive’ corresponding to quick response to customers and
‘innovative’ corresponding to product differentiation respectively.

A simulation model is developed using real world data from case companics at tactical
level. Lxperimentation is performed by changing the basc valucs important to sce its

impact on performance measurcs. Slopes of the functions are then computed using
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standard spreadsheet software. The values are prioritized based on decreasing order of
sensitivily. Important performance measures related to the three strategies arc discussed
with the company’s management, The model results are finally prioritized which aid
manufacturers to focus on most sensitive parameters for business settings at tactical level,
It has been found from simulation experimentation that Pumax 1s the most sensitive
parameters for protector, Ypp and Yun for offensive and My ey for the innovative
manufacturers. Thus minimization of wastes and other non productive tiumnes compel
manufacturers to think about lean production system; which 1s termed ‘lean and clean’.
The results at offensive stage (local level) confirm that use of flexible processes not only
improves agility but also yield related parameters which are rated the miost sensitive in
prioritization. This is termed as ‘perfect first time quality’ ie. focus is on improving
process flexibility to accommodate product variety and improve process yicld, The
prioritized results in innovative stage advocate of using more flexible processes and
improve value of product using value analysis approaches like ‘importance versus cost’,
This is termed ‘value adding by coatinuous innovation' 1.e. to enhance product
importance at same or reduced cost. The combined prioritization (at global level) also
showed that yield related parameters are the miost sensitive hence reinforcing our belief
‘make it righi-first thne every time’ 10 become world class manufacturers.

Whole business process activities have also been modceled and analyzed using AFIP at
strategic level. The nccessary information needed in this regard is filled up in n x n’
matrix in which the judgments arc recorded and calculated. [t has been {ound using
Analytical IMicrarchical Process (AIIP) that at strategic level production planning &
control, quality assurance and product development are most important activities which
affect business settings for each type of manufacturers. It is thercfore imperative for
manufacturers to keep special emphasis on production planning and control issues at
protector, quality assurance at offensive and product development techniques at
innovative stage respectively.

It is strongly recommended for Pakistani automobile industry to streamline
manufacturing process by reducing/minimizing waste time from systems (Pyvax, Hzari:).
use time compression with more flexible technologies (PVyirx, Myix), incorporate

optimized processes in their businesses (V::x), use rapid product development solutions,
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using standard machines/equipments to reduce defects before rework (Yyun, Yiwpe and
Mgpatp), use SMED and flexible {ixtures (MHypgi, SUrpae) ete to meet requirements of
world market to become competitive. Pakistani discrete parts automobile manufacturing
industry should focus on issucs of competitiveness both at tactical and strategic level m

the near future other wise their futurc would be in jeopardy.
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CHAPTER 1
INTRODUCTION

1.1 INTRODUCTION

Manufacturing companies all around the world arc facing unstable and dynamic environment
due to global competition, lmprovement in manufacturing processing  technologics,
innovative product development and marvelous customer service. the survival of these
companies depend on rapid and innovative products, time compression technologics and
belter ways to obtain cffective management, marketing, finance and decision making process.
This demands to take right decisions making at right time. The problem is therefore multi-
dimensional ic. timely related decision process, agility and utilization of information
{(resources) to coordinate between activitics like design, manufacturing, marketing, financing,
distribution 1o achicve specific corporate objectives.

The manulacturing industries in the developing countries arc also aflected with more
turbulent, dynamic and jolting business environment. Though many internal and external
factors like increase in population growth rate, political instability and forcign debis have
prevented  many  developing  countries  from  achicving  sufficient  socio-economic
improvements. yet countrics like Pakistan made cconomic growth its prime agenda. Mam
initiatives had alrcady been taken for restructuring cconomy by increasing privatization and
cnhancing competition, but industry is stll far from global muanulacturing practices and
standards. This is because; Pakistani companies have paid very littie attention te their shop-
floors (SWOT analysis. 1EDB 06). This results in poor product quality. no awareness of
competition and non-integration of various businesses such as marketing, sales, production.
finance, dispatch cle. On the other hand, world class manufacturers operating in global
markets tend o have world class performance. These world  class companics are
characierized by three main stralegics: customer focus, innovation and quality/Zagiline (the
ability to respond clficiently, quickly and effectively). Other supporting competencies are
employee’s empowermen(, supply chain management. product development, technology and
sustainable envirenmental responsibility (Kinnio 1996). 1o become competilive in the
marketplace, there is @ need ta make an understanding ol existing industrial environment and
then proposing warkable solutions (in the form of strategics) which would aid manutacturers
in their long run to become competitive. In order to understand the current scenario, the
subseguent  section  briefly  deseribes  background o automotive industry, rescarch
theme/focus (normative description at this stage). and objectives of rescarch followed by

thesis organization.



1.2 BACKGROUND OF AUTO INDUSTRY

A reguiar car industry was started in 1983, when Suzuki commenced production eyeing the
small and LCV (Light Commercial Vehicle) car secgment of 8§00-1000cc range. Then there
was a long gap until the carly 90’s when Indus motor company was established to
manufacture Toyota vehicles in Pakistan. Honda and Ghandara Nissan entered in the market
with civic and sunny models respectively. Some years later, Dewan motors cstablished joint-
veature with Korean company to run a plant to manufacture Hyundai and Kia vehicles in
Pakistan, Since then the market has changed all together. The automobile scctor has posted a
phenomenal growth during 2003-04 and 2004-05 (SMEDA, 2006) in the wake of sharp
increase in the demand of automebiles. [t was noted that due to increasing size of middle
class both OEMSs and vendors made heavy investments during the last three years, which
helped them to enhance their production capacities besides achieving progressively higher
indigenization levels.

The lecal discrete parts manufacturers are facing competition both from imports and
multinationals in the domestic markets. The new competition faced by manufacturers is rapid
delivery, ditferentiated products that delight customers in short span of time and at reduced
cost. There are more than 300 (of varying size) units in the auto parts manufacturing indusiry,
some of them are registered vendars to assemblers/OliMs. They are bound to supply only o
OEMs as per their agreements, bul duc 1o low demands by the assemblers, these
manufacturers arc forced to sell their products in the replacement market in one or the athier
way, Though the growth in this secter has picked during last couple of years yet the industry
is faced with various challenges of competitiveness which are due to productivity on account
of outdated infrastructure, low technology levels, non-scrious attitude towards human
resource development, absence of R&D and innovation, ancient drawing/designing and
styling capability, absence of standards, certifications and accreditation cte. The iob
multiplier in auto industry is quite high; the ratio of ecmployment in the OEM to vendors is
nearly 1@ 10 in Pakistan which has created 192,000 direct jobs. Likewise the ratio of direct
employment in this sector to jobs created outside the vending and OEM scctor would safely
be 1: 12. Auto industry in Pakistan because of its gross sales turnover of Rs 214 billion
during 2005-06 contributed to GDP by 2.8% und its contribution to indirect taxes i.e. Rs 63
billion was over 9% of country’s indirect taxes,

Auto industry share in the total manufacturing secter remains at 16% by the close of
2003-06 which was only 6.7% during 2001-02 as given in tablel.] and presented in fgure

I.1. Recognized auto part supplicrs are placed mainly around [Lahore (Punjab) and Karachi



(Sindh). Most of the vendors are new business entities (entered in the market haphazardly
after analyzing cxtensive growth in auto sector) that have limited financial capacity, low
manufacturing base, know how/skills, poor technology levels, and lack the vision (strategies
which belp them to become competitive in the marketplace) to transform the existing levels

despite huge potential in the sector (EDB, 20006).

Tablel.l. Share of Auto sector in manufacturing

Sharve of sectors in GDP (%) Gor
Years Manufacturing | Auto Auto in | growth
manufacturing | rate (%)
2000-01 | 159 - -- 1.8
2001-02 | 16.1 1.09 6.77 3.1
2002-03 | 164 1.25 7.62 5.1
2003-04 | 176 2.7 15,34 6.4
2004-05 ) 183 2.8 15.30 8.4
2005-06 | 18.2 2.8 15.93 6.0

Source: (EDB, 2006)

Despite rapid growth, Pakistan auto industry contribution in global terms is still very low i.e.
0.3% of world production of 66.5 million passenger and commercial vehicles. World
installed capacity for passenger and commercial vehicles is 85 million units. Similarly export
of auto products was only US$ 33 million which is negligible in the world trade. The annual
world trade of auto products is over US § 800 biilion (components constitute about 40% of
World Tradc).
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1.3 RESEARCH THEME/FOCUS
In order to compete in the world class market, local manufacturing industry nceds to acquire
world class performance irrespective of whether they are domestic manufacturers or
exporters. To some extent industry has realized this fact and riscn to the challenges, but the
battle for survival and industrial growth has just begun, Obviously, the success of industry
lies in meeting the challenge and effectively cope with existing situation by proposing
concrete solutions to move itself from protected domcestic market to a world class
manufacturing status quickly and efficiently. Apparently, one logical solution would be to
invite changes in the national level policies that rationalize tax/ tanff structures on the one
hand while increasing the size of the middle class on the other so that a larger demand of
producis can be created. This approach, however, does not allow a major role for the
manufacturers. We have therefore adopted an alternative course of action, which suggests
concrete actions (in the form of manufacturing strategics) on the part of local manufacturers
as there is a lot of pressure on Pakistani manufacturers to increase their product guality and
reliability particularly due o increasing competition and likely changes in the world trade
structure, [t is therefore, imperative for the industry to improve its productivity and
competitiveness which aid manufacturers as no such studics are available for utilization by
the manufacturers in Pakistan. Therefore, there is a need to address this issue which would
help local manufacturers o become competitive in the marketplace.

To become competitive and coping with existing manuficturing environment, there is
a need to develop an understanding of existing scenario of manufacturing industries and
assess the direction in which it is heading. In this regard, a questionnaire was designed in
consultation with the practicing managers. discussions with bEngimeering Development Board
(EDB). The gquestionnaire containing questions like manufacturing  [frm’s  objectives:
familiarization/practicing of methods/systems, assessing existing infrastracture By taking o
case of automohile part vendors (this being a growing sector), we suggest a framework
consisting of strategies using standard approaches/techniques. The framework iy developed
which can cope with strategic objective of low cost, high quality/customer focused and
innovative in a systematic and orderly manner. The framework consists of four phascs, (a
brief description is presented of research work carricd out has been prescnted here and
claborated in chapter 4):

1. Competitiveness/objective identification phase
2. Strategy formulation phase

3. Model development and evaluation phase



4. Validation phase

A company may opt for being the lowest cost producer, highest qualitv/customer focused and
product differentiators with improved customer satisfaction level. Each of these competitive
advantages forces the organization to adopt a particular manufacturing strategy, which may in
turn demand a particular type of manufaciuring system, organizational set-up, material
handling mecthods, information processing and manufacturing control  systemns
(characteristics). [t starts typically by comparing existing industrial sector analysis (capacity,
technology/manufacturing capabilities) and current market environment. The comparison
results in identifying competitive drivers and hence seiting the objectives accordingly. Based
on the objective settings and competitive drivers, manufacturing option strategy is formulated
comprising of three types of manufacturers {protector, offensive and innovative) identified as
a part of rescarch in our benchmarking/survey excreise. Having sclected an objective ¢.g.
cither low cost, high quality/flexibility and innovation, strategics are formulated with
objective, operationalization and continuum (characteristics). The strategies are termed
‘protector’ corresponding to low cost, ‘offensive’ corresponding to quick response to
customers and ‘innovative’ corresponding to product differcntiation respectively.

A simulation mode!l is developed uvsing real world data from casc companies.
Experimentation is performed by changing the base values o see its impact on perlormance
measures. Slopes of the functions are then computed using standard spreadsheet software.
The valucs are prioritized based on decreasing crder of sensitivity. Important performance
measures related to the three strategics are discussed with the company’s management. The
model results are finally prioritized which help manufacturers to become competitive in the
marketpiace.

An alternative way of analyzing the cxisting manufacturing cnvironment is plotting
data of production volume (total production) versus product variety (number of models per
year) on standard Product Process Matrix (the discussion of PPMX is presented in literature
review section 2.2.1). This assist ta identify present status of manufacturing industries which
are providing manufactured parts to OEMs (as exports are negligible, and rest of parts sold in
the replacement market) and guide manufacturers to  shift  existing manufacturing
environment volume zone to a more viable place on PPMx. The application of Product
Process Matrix (PPMx) for analyzing current practices of industrics using production volume
versus product varicty (Product vs. Process in operation managenient terms) data has been
strongly supported by many rescarchers for the last three decades like [ayes and

Wheelwright, 1984; Skinner 1985; Akhtar et al 1993; Miller and Roth 1994; Spencer and

LN



Cox. 1995; Safizadeh et al 1996; Hill 1993, 2000; Ariss S, 2002; Ahmad and Schrocder.

2002; Frank E Rowbotham 2004; Taps ¢t al 2005; and Johansson P et al 2006. The PPMx

assist us in analyzing current sccnario where auto industry is located. Manufacturing

strategies are developed using standard manufacturing management tools/techniques in an

orderly and systematic manner in order to reach at most viable place on PPMx. The product

volume versus product variety data is given in table 1.2 and is shown on PPMx matrix in

figure 1.2 marked (*).

Table 1.2 Production Volumes versus Varicty

| In Year 2005-2006

Type | Production Volume J Product Styles
| (Variety)

Cars 160,642 30

Trucks 4518 8

Buses 825 |5

LCVs 32,053 113

Tractors 43,887 10

{Source: Statistical Zureau ol Pakislan, 2000)

It is evident from the figure 1.2, that therc exists medium volume- very low variety

manufacturing environment. This is obviously uneconomic as major investments in the sector

are made haphazardly without knowing their shop floor position to become world class

manufacturer (i.e. mass producer/high quality producers etc),
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Figure 1.2 Product Process Matrix (PPMx)

[n order to face challenges and cope with existing environment, there is a need to understand

competitiveness and world class manufacturing. This rescarch is focused to develop a



framework (consisting of stratcgics) which assists disercte parts manufacturers to become

competitive in local {providing parts to OEMs/replacement market) and world markeiplace

mproving export). Therefore, the research work aims at developing a {ramcwork for
nproving cxport). Therefore, th zarch k t developing a koA

"Coping with medivm volume- low variely wanufacturing  envivoiment in auwtoniobile

industry of Pakistan ™,

1.4 RESEARCH OBJECTIVES

The objectives of this research arc:

l.

wn

To explore the stated objectives of manutacturers. level of manulacturing
management praclice, assess industry infrastructure and location/position of indusury
on standard Product Process Matrix (PPMx) as advocaled by (HHayes and Wheelwright
1984).

Clustering of manufacturers based on stated objectives versus international standards
and identifying manufacturer’s type.

Assessing manufacturing management practices ol existing environment and
identify level of such practices in industry.

Developing a generice framework consisting of inanufacturing strategics to cope with
low cost, more agile with high quality and innovative type manufacturers to compete
in the local as weil as in world marketplace.

Devising a path on PPMx, for opcerationalization of strategies by emploving
traditional/conventional approaches and characterizes cach archetype.

Development  of analytical  tools  using  manufacturing  simulation  for
operationalization/testing of strategics and identifying/prioritize key performance

indicators at tactical and strategic level in discrete parts industry.

1.5 THESIS ORGANIZATION

The thesis is organized as f(ollows: Literature rclated to mancfacturing  strategies,

competitiveness, Product Process Matrix  (PPMx), flexibility/agility and innovation is

reviewed in chapter 2. Chapler 3 is about rescarch methodology and questionnaire analysis.

In chapter 3 results of survey/benchimarking excrcise. analysis and findings is presented

which identified three types of manufacturers, assess level of manutacturing management

practices/infrastructure and location of industry an PPMx matrix. A [ramework is proposed

consisting of manufacturing strategics for each type of manufacturers ic. "Protector,

‘Offensive” and *Innovative” described and is deseribed in ehapter 4. Chapter 3 is about



model development/evaluation in which data collection is described/analyzed, specific
modeling tool is selected and justification for exploiting simulation is elaborated. The
behavior of simulation model and experimentation performed is analyzed in chapter 6 in
which sensitivity analysis is carried out to observe impact of changing input variables on
output performance measurcs. The results arc prioritized based on decreasing level of
sensitivity. Chapter 7 is about evaluation of important business activitics at strategic jevel,
Both generic and company specific findings are presented in chapter § and finat
recommendations based on conclusions are then drawn. The organization of thesis is

presented in the form of flow chart as shown in figure 1.3.
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CHAPTER 2
A, LITERATURE REVIEW

2.1 INTRODUCTION

This has been recognized world over that manufacturing can be a formidable competitive
weapon if equipped and managed properly, Manufacturing industries recently has prompted
renewed interest due to globalization, flexible processing technologies, marvelous customer
services and a lot of innovation potential in products/processes. The development of coherent
manufacturing strategy is inevitable for sustainable growth to face new manufacturing
challenges and to cope with dynamic environment. [n new manufacturing environment, titne
is considered as one of the primary motives for operating business these days, This docs not
mean that other motives like cost, quality and service can be ignored. In fact, they are
considered as a pre-requisite to sustain competition. Other than time, cost, quality and
services; there is an increasing trend to explore and implement issucs like flexibility, agility,
tean principles, innovation; activity based costing, value analysis etc to achieve competitive
edge over competitors, This chapter is about literature review in which core competitive
issues are reviewed. The identification of gaps in the literature help to identify shortcomings
in existing literature and then address issues like low cost, quality improvement and rapid
product development in a morc coherent and systematic manner. The subscquent section
review the literature related to PPMx, WCM, manufacturing strategies, time bascd
competition, flexibility and innovation. The present status of Pakistani automotive industry

practices is presented in section B.

2.2 LITERATURE REVIEW

2.2.1 MANUFACTURING STRATEGY/PRODUCT PROCESS MATRIX (PPMx)YWORLD
CLASS MANUFACTURING (WCM)

Researchers like (Hayes and Wheelwright 1984, Skinner {985, Hill 1993, Miller and Roth
1994) have depicted manufacturing function as the missing link in corporate strategic
processes and emphasized that manufacturing can be a formidable competitive weapon, if
cquipped and managed properly. Hayes and Wheelwright (1979a, 1984) classify production
process types into four gencric typologies of process technologics by how manufacturing
plants organize and deploy their production resources, i.e. cquipment, people and procedures
used to produce the firm’s product (1) job shops where machinery and equipment tends to be

relatively general purposcs because jobs arrive in different forms and require different tasks;

10



(2) batch shop in which batches of a given product proceed irrcgularly through a series of
work stations; (3) conncceted line in which relatively mechanized and connected production
processes produce few product models with sinmvilar product features; and finally (4)
continuous flow in which the production process is highly specialized, inflexible and capital
intensive where a high producet volume passcs through standurdized production processes,
The medel outlines the increasing role that the manufacturing function can play in
formulating business strategy. At one extreme, a manufacturing firm may decide to compete
in a market characterized by uncertain demand for many low-volume product variants. At the
other extreme, a firm may decide to compete in a market characterized by high-volume
demand for a standardized product. Thus, to achicve [ow production costs it is necessary to
reduce product variety and process flexibility and to adopt a dedicated manutacturing
process. (Hayes and Wheelwright 1984) assert that the diagonal as shown in figure 2.1 offers
the best match of product volume/ mix and process characteristics, Hayes and Wheelwright
{1984) warn that because of the varicty of options available to the {inm and the impact of cach
variable on a number of competitive dimensions, selecting the right process requires carcful
analysis. The process choice is linked to the customer’s demand for specific valuable product
features, because a given manufacturing process type supports some product features for
example low price and high volume at the expense of other competitive prioritics.

This content of fit between Product and Process choice has been strongly argued in
literature (Hill 1993, 2000). The configuration depends on how managers believe to win
orders in the market defined through the volume flexibility and the degree of product
customization, the two most important criteria for the configuration of manufacturing
activities. Hayes and wheelwright (1984) study is based on {Woodward and Skinner 1969)
and proposed a direct reiationship between product and process structure, which is known as
Product Process Matrix (PPMx). According to this PPMx, being on the diagenal of this
matrix or very close to it, properly matches product and process structure. Thercefore, when a
firm’s product structure or product mix changes, its process structure should also changed by
moving along the diagonal of the matrix to balance the benefits of flexibility and cfficicney.
In Hayes and Wheelwright (1979a) article, authors discussed the static aspects of selecting a
position on the matrix, and the subsequent article in 1979b, inciuded dynamic aspects of
PPMx too, e how a firm’s position on the matrix may change over time and the

iimplications of such moves eftect the firms.
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Figure 2,1 Product Process Matrix (PPMx)

Regarding validated of PPMXx, Safizaded (1990) tested the Product-Process Matrix cohesion
in their study of 110 US manufacturing firms using 13 variables and find strong support for
an association between product plans and manufacturing process choice. Nearly 75% of the
respondents lie on the diagonal. Their findings support the deductive argumentation in
literature that firms with different process choices emphasize different competitive priorities.
The PPMx is one of the most widely recognized concepts in the manufacturing strategy arena
too, and has been frequently commented upon e.g. (Spencer and Cox. 1995), (Safizadeh at al.
1996) etc.

(Ahmad ct al, 2002) cxplained that the relationship between product and process
structure is significant, but not strong. Furthermore, less than half of the plants opcerate near
the diagonal of the matrix. The only deviations from the matrix are plants using innovative
initiatives 1o overcome the lack of product and process structure match. The authors proposed
a third dimension be added to the product process matrix that measures how aggressively
plants arc impicmenting these innovative initiatives in off-diagonal behavior.

Safizadeh (1990} strongly supported the matrix, whereas (McDermott et al 1997)
raises serious questions about the validity of PPMx framework. The later author cxplains that

due to complex manufacturing environment in the world today, there is demise in utility of



product process matrix. (Ahmad. S and Schroeder 2002} believe that inability of these studies
to reach a definite conclusion is the fact that manufacturing firms have scveral strategic
options to foster between consumer preferences and manufacturing decision making., One
firm emphasizes the need of processing technology like flexible process, wlhercas another
may emphasize managerial practice and de-emphasize other c.g. Just-In-Time {(JIT) and yet
another may cmphasize both or combination of new approaches. The authors aiso
investigated the impact of innovative management and technological approaches on the
PPMX framework and allow other frameworks to emerge. This comes out that study of
Product-Process Matrix represents a rich area for {uture research.

(Ariss S 2002) discussed and empirically tested the impact of flexible processing
capability on the product-process matrix and provided further cvidence of the compatibility
of muitipie competitive performances rather than tradeoffs. In today's customization and
dynamic environment, industries such as electronics, pharmaccuticals, and automobiles seem
to compete largely on the basis of product innovation. In fact, underlying the competition of
product innovation are the firm’s flexible process capability and its ability to customize the
production to changing environment. The authors argued that ([Hayes and Wheelwright 1984)
provided a specific tool, product-process matrix. to coordinate marketing (products) and
manufacturing (processes) and to prevent non-focused manufacturing capability building. e
argued that the environment has dramatically changed and a firm can achieve competitive
performance simultancously. The research illustrated how the high flexible process enlarges
the feasible zones and reduces the constrained zones in the product-process matrix as shown

in figure 2.2,
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Figure 2.2 Expansion in feasible region due to constraints as proposed by (Ariss 2002)



(Taps et al 2003%), strongly supported the use of Product Process Matrix (PPMx) in Danish
firms. Based on the empirical analysis, authors concluded that firms cven in developing
geographical regions follow an on-diagonal position on the Product Process Matrix (PPMx),
which indicates that the theory of matching process choice to volume and product content is
universal. Furthermore, the choice of process type is not influenced by local factor
advantages such as low wages. The important independent variable that influences the
process choice is volume, which is measured on an interval scaic ranging from low to high
order size.

(Johansson P et al 20006) derived a framework for the process choice in joint
manufacturing and after-sales service operations by exploring a linkage between
manufacturing goods and service operations on Product-process Matrix. Their study aimed to
integrate approaches for manufacturing and service operations decisions on process choice.
The authors have explored a linkage between goods manufacturing and service operations on
Product Process Matrix.

(Voss C, 2005) presented three distinct paradigm of manufacturing stratcgy. These are
() “Competing through manufacturing™ Cost, quality, dependability and flexibility are
considered first important factors in this paradigm. The sccond factor is capabilitics which
involved choosing appropriate manufacturing technology to achicve particular desired
capabilitics. The third factor is shared vision i.c. through clear articulation of cooperate
missions and strategics a company will be shared by its managers and other employees.

(2) “Strategic choices in manufacturing” is the sccond paradigm based on the necd for
internal and external consistency between choices in manufacturing strategy. Sclection of
right process for manufacturing as advocated by (Ilayes and Wheelwright and Hill 1984,
2000), and focus of the firm specialization is important aspects in strategies choices in
manufacturing.

(3) “Best Practice” is the third paradigm in the study. Best practice came from many sources
like MRP from USA, OPT {rom lsrael, FMS from UK, GT {rom Russia etc are some of the
examples of best practices, World Class Manufacturing {WCM) in term of practice and
performance is also part of this paradigm. The authors defined WCM sharing best practice in
total quality, concurrent engincering, lean production, manufacturing systems, logistics and
organization and practice. The authors argued that the content of manufacturing strategy has
developed inlo several distinet paradigms as deseribed above. None by itself is sufficient for

effective development of manufacturing stratcgy to gain long term benefits. Together they



contain all that is required for an cffective stralegy and there exists a Jogical eyele connecting

the three as shown in figure 2.3.
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Figure 2.3 Logical cycle connecting three distinct paradigms (Voss 2005)

The work of (Flynn B, B, Schroeder 1999) determined the practical issues related to Hayes
and Wheelwright's (1984) world class manufacturing. First, the authors explained that Hayes
and Wheelwright's thought of world class manufacturing practices were developed in the
early 1980s are robust to the changes that have taken place. Second, the proposed world class
manufacturing practice developed by Hayes and Wheelwright significantly related to cost.
quality-performance, product {lexibility and volume flexibility is still valid. The use of
practices in new manufacturing systems has increased the competitive pcrfbrmancc
significantly. Third is the trade-off between dimensions of competitive performance in terms
of cost, quality and flexibility. The authors concluded that the work of {Hayes and
Wheelwright 1984) provides a solid foundation for achicving competitive edge in
manufacturing.

(Linda € Hendry 1998) described that most of the advice on becoming a WCM
company in the literature is aimed at Make to Stock (MTS) mass producers or Mass
Customized (MC) sector and does not apply in full to the Make to Order (MTO) scctor, This
paper propesed some guidelines which are designed for MTO Company that makes a
strategic decision to retain a high variety of products, prefers to retain the job shop layout.
The proposals suggest ways in which the current guidelines in the literature can be adapted
and provide a more appropriate sct of eriteria for assessing the performance of companices in
this sector,

(Partanen, J & Haapasalo 2004) reviewed clements of mass customization for fast

productions systems, Scale, cost, quality and time in a row is the targets and also paradigms



where business is managed. Mass customization is the onc of these modern means (o achicve
these goals. It is customizing preduct Lo individual customers and proeducing those with
principles of mass production. The key issue is customer focus. Fast production mecans
delivering preducts to customer faster than the icad time of the whole manufacturing process
in order to satisfy customers. This can be achieved by utilizing standardized methods and
modularized product structure. Companies are continuously forced to improve their
performance in order to create VA customers and to remove NVA activities. As companies
seek to provide product faster, cheaper and better than the competitors, they have realized
that they cannot do it alone. They need to collaborate with upstrcam and downstream pariners
in the supply chain. A competitive supply chain must be synchronized from upstreanm to
downstream against reat customer demand in order to deliver the right product, to the right
place, on the right time. This is achieved with mass customization for customizing products
for the customers with principles of mass production. [n there model. they identified that §0-
90% companies can be benefited with mass customization. To conclude, mass castomization
in electronic industry is an effective way to improve opcrations but requires many
developments of product structures to enable extensive adaptation of the concept ol fast
praduction in order to fulfill and implement mass customization in clectronic industry.

(I, J Bullinger 2006) discussed ways to sustain in the markets; many enterpriscs with
mass production are challenged to link two strategic options: simultancous improvement in
differentiation and cost structures, Attempts to find a solution in the context of conventicnal
business modeis showed the following characteristics:

l. A streng increase in information and communication,

2. Anincrease in the product type and number of variants,

3. A reduction in manufacturing lot size and

4. Trequently changing production processes and cxtensive storckeeping at several stock

levels,
Enterprises which introduce the mass production for the individual customer iry to combine
the advantages of mass production with those of individual manufacture. Intelligent
competitive strategics approach aim to overcome the traditional duality of cost leadership or
differentiation strategy and to make both efficiency and effectivencss possible.

(Tang Chen ct al 20035) presented the operational framework which is termed as
manufacturing paradigm trec of instant customerisation. It can categorize the operational
doctrine, the relationships between different operational tactics and the objectives. and the

relationships amaong different operational tactics. Instant customerisation can be understood
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more cffectively and holistically, The need for such lramework arises duce 0 customer
demanding their orders for customized products or services be fulfifled under zero custemer
lead time and at the price ncar the price of mass production. The author described the
operational tactics, opcraticnal tencls and an  operational framework  of instant
customerisation,

(Kao C and lung 2005) identified four stages development path from management
viewpoint perspective i.e. production, marketing, finance and human resource. Based on the
four functions, management patterns arc identified via a cluster analysis. From  the
relationship between the organizational performance and the four management functions, the
management development path of manufacturing firms can be traced. The research is based
on case studies and authors argued that development path of Taiwancse companies comprises
of four stages. The first stage begins at low production management-low marketing
management, and is characterized by low performance. This stage develops into the stage of
high management- low marketing stage, which is of higher performance. The next is high
production management-high markcting management with a further increase in performance.
Finally, it reaches the stage of very high production management- high marketing
management, This stage is characterized by the highest performance. Being aware of the
development path and the current management status, a firm is able to determine what to do
in order to achicve better performance.

(Akhtar K& Tabucanon 1993) proposed a framework for generating and evaluating
strategics systematically in a top-up and bottom-down manner, therchy eliminating some of
the drawbacks in the current frameworks. It is proposed that stratcgies be divided in terms of

bl

typology, referred to as the ‘defensive’, ‘aggressive’ and “inncvative’ strategics. By properly
clustering, it should be possible to define the typical characteristics of cach archetype.

(Alan Harrison 1998) discussed manufacturing strategy concepts in world class
manufacturing. The conclusions drawn is that lean systems must be viewed in terms of
performance over time rather than performing under WCM and major processes change
appear to facilitate opcrator commitment to continuous improvement (C1).

(Frank E Rowbotham 2004) formulated a questionnaire to classify manutacturing
companics under Hayes and Wheelwright four-stage model and assessed the reliability of the
instrument. In an application of the questionnaire to three small manufacturing companics,
the paper finds that half of the questions asked are statistically reliable according to the

interclass correlation methed. An in-depth cross-case study of the three organizations reveals

patterns of management which further supporied the statistically rcliable questions. The
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overall conclusion is that further rescarch on guestionnaire as instruments for exploring the
four stage concept is necessary before reliable method is available.

(Ajay Das et al 2003) investigated the issuc of the fit between process environment
and Advanced Manufacturing Technology (AMT) and its impact on manufacturing and
business performance. Different process environments tend to align AMT investinents in
distant profiles, which arc associated with superior performance. Deviations from thesc ideal
profiles have shown a ncgative impact on manufacturing performance. The findings also
suggest that firms are not fully exploring the potential afforded by AMT investments to
compete in off-diagonal positions in Hayes-Wheelwright framework.

{Snhaladdin Muda ct al 2002) demanstrated the applicability of a new world class
manufacturing (WCM) model developed for the MTO sector. The model aims to fill a gap in
the WCM literature that concentrates on the characteristics of the larger traditional MTS
sector. The MTO principle is the current version of the model after all the modifications have
been incorporated, [ts intended purpose is to aid MTO companies to determine their strengths
and potentials areas for improvements so that they can continuc to be competitive in the

future.

2.2.2 DIMENSIONS OF COMPETITIVENESS

Time based competition, flexibility, innovation and quick response to customer services have
revolutionized the manufacturing industry as shown in figure 2.4. To facc chaltenges of
world; time, agility and innovation arc considered core arcas to focus as advocated by
researchers alrcady discussed in above section. The subsequent scction review time based
competition, flexibility (agility) and innovation issues which are pre-requisite to survive in

the marketplace, The competitive dimensions are shown in figure 2.4,

Time hased

Competitive
Dimensions

Flexibility Innovation

Figure 2.4 Dimensions for competitiveness (Jahanzaib & Akhtar 2007)



2.2.2.1 TIME BASED COMPETITION

The underlying success lics in continuous striving [or customer focus, quality and agiiity
(Debra. I: et al 2004). In the new manufacturing environment, time is the primary competitive
motive of business. This does not means that other motives like cost, qualily and service can
be ignared. In fact, they arc pre-requisite 1o sustain compelitiveness (Peters S Davis 2002).
But the winning factor is provided by time and enhancement to the basic products (Stalk &
Hout 1990). Optimal utilization of resources can be achicved by balancing of production line
and distribution of werk contents cqually among work stations to reduce cost per part,
Therefore, balancing of preduction line is considered as esscntial pre-requisite in industry for

streamlining operations in order to reduce production cost per unit (Hadi 2006).

2.2.2.2 FLEXIBILITY IN MANUFACTURING

Flexibility is the capacity to deploy or redeploy production resources efficiently as required
by changes in the environment. Flexibility is thus onc of the basic characteristics of any
production process, While it primarily corresponds to time, it is also linked to two other
cross-functional objectives: quality and cost. There are several types of flexibility which
correspond to the various types of changes likely to occur either in a finm’s internal resources
or in its environment as shown in figure 2.5, The main sources of variability are demand and
technolopy. Demand varies depending on the nature of the products, thus requiring preduct
flexibility. Quantities in demand may fluctuate, thus requiring volume flexibility. Firms may
also have to cope with other sources of variability, each requiring a particular type of
flexibility: seasonally produced raw materials, uncontrollable lead times from suppliers,
breakdown, absenteeism, excessive personnel turnover, cte. (Beckman 1990). Furthermore.
they must adapt to greater variations or mutations such as raw material availability or
technological changes. In short, a flexible organization has the ability to adapt not only to
fluctuations in demand but also too many other changes in its environment. In landmark
report “Made in America”, the MIT Comunission has gone further using total flexibility to
designate the ability ‘to deliver high-quality products tailored to cach customer at mass

production prices’ (Dertouzos [989).
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Figure 2.5 Manufacturing System Level and hicrarchy of manufacturing flexibility
(Koste & Malhotra, 1998)

Manufacturing flexibility is the ability to change or react with little penalty in time, cffort,
cast or performance (Upton 1994). Two major types of flexibilities are reactive and
proactive. The reactive nature of flexibility addresses both the internal and external
environment uncertainty faced by organization. The proactive nature comes from the market
uncertainties and customers that cxpect some flexibility from particular industry (Siack
1983). Contemporary manufacturing organizations arc facing chailenges from two dircctions.
In one direction, newer manufacturing philosophies and technologies cmerge to make the
existing ones obsolete. In the other direction, today’s customers are becoming more and more
aggressive in demanding new products and services within a short period of time (Maskell,
2001, Tersine and Wacker, 2000; Gunasekaran, 1999; Lau ct al., 2002; tielo, 2004; 1o ¢t al.,
2003).

2.2.2.2,1 AGILE MANUFACTURING

In order to meect the challenges that invade from these two directions, today's
manufacturing organizations arc required to act quickly in accordance with the surrounding
competitive situations. On realizing this trend, during the past few years, the manufacturing

arena had becn orienting towards the relatively new type of paradigm, under the umbrella
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name, “agile manufacturing”™ (AM) (Power ¢t al., 2001 Jin-Hai et al,, 2003: Crocilto and
Youssef, 2003). A considerable number of academicians and manufacturers view AM as a
new approach (Rigby et al., 2000, UHormozi, 2001). As a matler ol fact, agility in
manufacturing arcna had becn occurring as the spontancous responsiveness to high degrec of
competition (Parkinscn, 1999).

As ecvidence 1o this statement, the perlormance of today’s mobile  phone
manufacturing companies can be cited. It is a comman obscrvation that these companics have
been introducing several models to market very quickly, During the recent years, many
automobile manufacturing companics have also been evolving new madels relatively ot
quicker speed (Maskell, 2001). In fact, this agility trend has been dominating various types of
manufacturing organizations with different levels of its adoption. Thereafler a handful of
rescarchers have contributed very valuable AM principles. The major contribution of
researchers is the speliing cut of its meaning and definition. Jin-Ilai ¢t al. (2003) and
Dowlatshahi and Cac (2005) have cnumerated the definitions of AM given by wvarious
authors. The most noticeable is the development of the following Equation (Sarkis, 2001):
Agile manufacturing = (Flexible manufacturing system + Lean manufacturing)

Although various definitions of AM are available in literature, these definitions do not
contrast with each other. The commonality among most of them is the enunciation that AM is
the capability of the manufacturing enterprise te quickly respond to the market requirermnents.
Thus, AM calls for radical changes in the systom, culture and management styles being
currently followed in traditional manufacturing cavironment. Mcanwhile, the adoption of AM
has becn established as the need of the hour to face the high competitive market (Vokurka
and Fliedner, 1998; Meredith and Francis, 2000). On the other hand, the gradual and
spontaneous adoptions of AM principle have consumed long time to enabic organizations to
attain agility. This situation persisis because majority of the manufacturers are devoid of the
knowledge on AM criteria. The problem of how organizations can successfully deal with
unpredictable, dynamic and constantly changing environment has been a prevailing topic
both in industry and academia for the last few years. Many different solutions have been
proposed; networking, reengineering, modular organization, virtual corporation, 'MS and JI'T
ete. Among proposals how to deal with an uncertain and unpredictable environment, notion
like ‘agile enterprises’ is the most common. Agility is defined as a rapid and proactive
adaptation of enterprise elements to unexpected and unpredicted changes (Kidd, 1994). Agilc
Manufacturing (AM) is the ability of surviving and prospering in a competitive environment

of continuous and unpredictabie change by reacting quickly and cffectively to changing
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markets, driven by customer-defined products and services (Gunasckaran, 1999, Despite the
difterences, all definition of ‘agility’ cmphasis the speed and flexibility is the primary
attributes of an agile arganization.

Taxonamy developed for US small manulacturing industries in which emphasis
placed on competition prioritics {.e. cost, delivery, flexibility and quality is proposed by
{Kathursia, 2000), The work of {(Zhao, 2002) is alse signiGicant in which relative impertance
and competitiveness strength of different Chinese manutacturing companics have been
investigated empirically. The authors have found that innovation, after sales service, quality
and flexibility are the most important competitive priorities among Chinese enterprises.
(Bohdana S, 2007) identified global characteristics of agility which can be applied to all
aspects of enterprises: flexibility, responsiveness, speed, culture of change, integration and
low complexity, high quality and customized products and mobilization of core competition,
Therefore, in the new era of production, strategic priorities rather than cost contained focus
have proved to be important for competition namely: quality, dependability. flexibility,
customer service, after sales service, supply chain management cte. Some supported usc of [T
related technologies which are critical for thriving competition as it can facilitate the

attainment of these strategic targets (Petros T, 2006; K. Sexena 2000).

2223 INNOVATION AS A COMPETITIVE STRATEGY

The third important diimension for competitiveness is innovation. lnnovation is a process of
creating something new in the organization and hence organizations that encourage diversity
and calculated risk taking ability are more innovative (Rajiv N, 20006). [nnovation is ¢ssential
in order to generate long term stability, growth, shareholder returns, and sustainable
performance and remain at the leading edge (Cook PP, 1998: Davis ct al, 1997). One way to
achieve growth and sustain performance is to foster and encourage creativity and innovative
practice internally within the organization. A commitment from senior management to
facilitate this kind of innavative working is also required {(Ahmad and Abdalla, 1999).
(Stanley ct al 1995) argued that it is no longer to de things better, it's about “doing new and
better things’. Innovation is also viewed as the single most important factor in developing and
sustaining competitive advantage (Tidd ef al, 2001). Scveral empirical studies were carried
out to explore the application of innovation within smail to medium sized enterprises (SMI).
The work of (Paul et al 2005) showed that for innovation implementation in SMLs require
ongoing effort, commitment and understanding beyond that of continuous improvement. An

approach termed as valuc analysis lear-down approach which is @ comparative process and
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analyzes all aspects of cost, material etc of products with those of competitors, Six types of
tear down described are dynamic, cost, mmaterial, matrix, pracess and static (Kaufman & Sato,
2004). Other than VA, ABC/M system can serve as a usefud information system to support
clfective decision making processes (M Gupta et ai 2003). An opcration hexagon is proposed
to discuss the managerial unplications of an ABC/M system for various operations
management decisions related to product planning and design, quality management and
control, inventory management, capacity management and work [orce management. By
viewing an ABC/M system as an cnabler to improve the operations decision making, we
demonstraie that these systems enable an aperations manager o enhance the quality of

decision making process.

2.3 CONCLUSIONS
This chapter reviewed [iterature related 1o PPMx, world ¢lass manufacturing, dimensions of
competitiveness cte, It is cvident [rom literature review section that PPMx is hinked to the
customer choice for specific products and the matrix is widely recognized concepts in
manufacturing stratcgy arcna. The following conclusions are drawn aficr comprehensive
reviewing of literature:

i.  The PPMx has been tested cmpirically and found that a strong association cxists
between product and process matrix as advocated by academictan and practitioners.

ii.  Some authors suggested that the diagonal should be expanded in order to
accommodate  innovative and technological issues, which 1s comumented by
McDermott (1997) and Ariss (2002).

iii.  The most important dimension (process choice) supported by researchers is "volume’
which can range between low to high volumes depending upon manufacturing
environment.

iv.  Companics who are ‘make to order’ manufacturers prefer to retain job shop
environment but the environment is changed. Now companics should focus on mass
customization which offers high variety of products at mass production price,

v. Intelligent competitive strategies have been developed to overcome traditional duality
of cost leadership or differentiation strategy and to make both efficiency and
effectiveness possible.

vi.  The use of advanced manufacturing technology (AMT) is associated with superior
performance, [t is strongly commented that deviations from using AMT have shown a

ncgative impact on manufacturing performance.
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vii.  Time based competition is considered as most important dimension to achieve
competitive edge over competitors. Streamlining of production line shrink the lead
time, which help reducing cost per unit,

vili.  Agility and flexibility are evolved as manufacturing strategies to deliver products
tailored to each customer al mass production price.

ix,  The agile manufacturing accommodates flexible and lean manufacturing principles.
Different stand alone solutions arc available like I'MS, JIT, Networking, re-
cngincering etc. Among proposals agile enterprises terms are commonly refercnced.

x. Innovation is the process of something new in the organization. To encourage
creativity and innovative practice, senior management commitiment is required.
Innovation is viewed as single most important factor in developing and sustaining
competitive advantage.

xi.  Tools like Value Analysis (VA), Activity Based Costing (ABC), VA tear down
approaches are used to increasc value and decreasing cost,

It is evident from above discussion that PPMx is widely acceptable matrix which is used by

researchers to cope with existing dynamic manufacturing cnvironment. Although intelligent

manufacturing strategies have been devised which can model cost and product
differentiations i.e. internal and external focused, but not deal with agility issucs. The
campetitive dimensions identified in literature are cost/time based competition (Balancing
operations), agility (flexibility/quality improving /lean) and innovation

(product/process/Value Analysis/Non Value Added Cost)., Manufacturing strategy, Product

Process Matrix (PPMx) and World Class Manufacturing (WCM) are also reviewed for coping

with Jow cost with high quality, customer focused and innovative products in an orderly and

coherent manner. There is a need to link these dimensions in the form of workable straiegy o

become world class manufacturers. There exists a significant gap in the existing filerature (v

address competitive dimensions systematically i.c. (low cost, improve quality/ agility and

innovative differentiated products) within a single framework in the form of manufactuving
objectives, strategy formulation, evaluation and validation. This alse cally for an
investigation of manufacturing strategies that enable manufucturing companics to achicve
competitivencss as a company may opt for being the [lowest cost producer, highest
quality/customer focused and innovatars with differentiated products and improve customer
satisfuction level. To fill the gap, a new framework has been developed to meet challenges of

markeiplace.
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B. OVERVIEW OF AUTOMOBILE INDUSTRY

2.4 INDUSTRY OVERVIEW

The automotive industry is an important segment of the economy in any country as it links
industries and services. Production of parts for the transport vehicles incorporates possible
industrial activities which give strategic advantage for local manufacturers to develop their
capabilities for achieving competitive edge over competitors. Recent years have seen several
new foreign joint venture companics set up manufacturing and asscimbling plants in Pakistan.
Much of the production carried out by these manufacturers is providing finished parts to
OEMs mainly operated by international assemblers; however a purely indigenous industry
has developed as well.

Pakistan automobile industry started in 1950 when National Motors Limited, a public
Jimited company and pioneer in the industry, came into existence. The industry was highly
regulated until early 1990°s. After de-regulation, major Japanese manufacturers entered in the
market thercby creating some form of competition in auto parts manufacturing scctor. In
recent years there has been a huge build-up of the automobile industry in Pakistan, with
companies like Honda, Toyota, Nissan, Hyundai, Kia, Ford cte. Of all car manufacturers.
Japanese automotive companies have by far the strongest hold in the Pakistani market.

Forcign automotive manufacturers have laid down the foundation of automotive
assembling plant and developed strong networks of parts supplicrs, dealership and service
centers. Mowever, until very recently, Pakistani government sought to proteet local parts
manufacturers to supply indigencusly made parts to assamblers. Automotive industry was
liberated after 1990 to encourage local parts manufacturers to improve clficiency, technology
as well as product quality. This market liberalization has helped to attract forcign automobile
assemblers. Since, Pakistan is oflering demestically manufactured and assembled car, beside
that there is no need for cconomic measures restricting the operations of forcign avtomative
manufacturers,

Presently, industry is going through process of upgrading product quality and
innovation. As qualily, innovation and customer focused 15 now primary concern {or
campetition as & large number of international automobile manufacturers are operating in
Pakistan, For attaining quality at component level (disercle parts manufacturers), [SO 9000
and 14000 certification is currently becoming a necessary standard lor the main producers.
Automotive parts industry has still been regulated by the government and many steps has

been taken for restructuring the sector by promoting and providing manufacturers with



updated know how of critical parts manufacturing, human resource management,
manufacturing hubs etc, but still industry is far from global standards (EDB. SMEDA, NPO
2000).

Apart from governmental policics, automotive sector is facing with various challenges
and barriers like fragmented lacations of manufacturers (not more than 300 units of varying
size scattered all over Pakistan), lack of training schools for producing human resources, lack
of knowledge about latest tools/ methods/ systems, low level of technology, innovation and
absence of R&D. Auto industry is volume driven (EDB, 2006) and certain critical mass is a
pre-requisite for economic production. The production volumes showing an increasing trends,
but unable to meet customer requirements {exports are negligible). The total number of cars,

trucks, buses, LCVs and tractors produced are given in table 2.1 and is {ar from global mass

production.
Table 2.1 Total Production of Vchicles

| Type Year wise number of units |
2001-02 2002-03 2003-04 2004-05 2005-06 |

Cars 40,088 | 62,073 98,481 126,403 160,642 |
Trucks 1,134 1,929 1 2,022 3,204 4518 |
Buses .08 (1,29 {1380  [1,762 |85 |
(LCV | 9,055 12548 | 148%  [25.177 32,053 |
Tractors | 23,801 26,240 35,770 43,200 48,887 1§
Total 75,164 [ 104,086 152,549 199,746 {246,925 |

(Source EDB 2006)

2.4.1 PRODUCTION ENVIRONMENT

There are more than 300 units of varying size in the auto parts industry; some of them are
registered vendors to assemblers/OEMs. Along with the organized scctor, a good number of
small and large units are operating in un-organized scctor, 90% of automotive parts industry
constitutes of small to medium enterprises (SMLs), out of which about 95% arc self-financed.
These units produce a wide range of parts for the replacement market as quality of locally
manufactured parts are not adequate to fulfill world quality criteria and standards. Therefore.
these manufacturers are bound to sell parts in the replacement markets. Although some of
them are suceessful in making critical parts which are available in the replacement market at
competitive prices. Pakistan is the only country in the world which has lormulated industry
specific deletion program (121313, 20006) to specity local content requirements for cars, busces,

trucks, tractors and motorcyeles. The basic purpose of the deletion program is to develop and
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project the local auto parts industry. This is a healthy sign but most manufacturers lack vision

and strategy.

2.4.2 DOMESTIC MARKETS

The domestic demand for automotive parts is increasing, however due to high tariff
protection and local contents rules; industry is facing competition from international players
like China, Brazii and India. The situation is improving as depicted in production volume
table 2.1. But to reduce the effect of the crisis, automotive parts manufacturers turned their
focus to overseas markets as operating cost in Pakistan are relatively cheaper than in other
countries. In recent years, there has been massive invesiment in the automotive industry from
companics such as Toyota, Suzuki, Nissan, Honda, Kia, [Tyundai etc. This kind of investment

enthances the possibility of Pakistan becoming the automotive hub for this region.

2.4.3 EXPORT MARKETS

The export of motor vehicle parts and accessories has become an increasingly important part
of Pakistani cconomy. In 2001, the total value of exports in this sector was 262 million (Pak
Rs.1USS = 640.5 Rs), which in 2002 climbed 1o 383 and 648 million during 2004-05 showing
69% increase. The major exporting partners are USA, Germany, Nigeria, Kenya, Saudi
Arabia, Sri Lanka, UAE, Bangladesh and Iran. Despite rapid growth. Pakistan auto industry
contribution in global terins is stiil low ie. 0.3 % of the world production of 66.5 million
passenger and commercial vehicles. Thus the export of motor vehicle parts and aceessories

will continne to forni an important part of Pakistani economy.

2.5 CONCLUSIONS
Pakistan automotive industry is operating in low volume range of production as compared
with other car manufacturers in the region (LDB, 20006). The industry benefits from high
tariff protection and local contents rules which might disappear soon due to WTO regulation.
In the view of the huge recent incrcase in the local car market and the projected performance,
consideration for such production should present opportunities for the local markets as weil
as for exports. With car factories and auto parts manufacturers in Pakistan having the
capacity to produce 1 million units a year, the country is positioned to make significant gains
in its exports loo.

The automabile industry is operating in low to medium volume range and choices for

customers (varicty) are also low as compared with the world to become competitive in cost,
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quality and product development as competition is getting tougher day by day. The existing

world class manufacturing practices and manufacturing strategies might help to cope with

this situation. (Jahanzaib & Akhtar 2003) has proposcd three manufacturing strategics which
work within a framework (will be explained in chapter 4). So, there is a nced 1o address these
issues in the form of following questions:

i.  Automobile industry is volume driven, and certain volumes are required to justify
production, Therefore, production volumes should be paid duc consideration in order
to usc right type of manufacturing system for production.

ii.  Exports are negligible and Pakistani share is only 0.3% of world installed capacity of
66.5 million passenger cars and commercial vehicles, which is negligible.

iii.  Various challenges faced by manufacturers are low level technology, lack of
understanding of tools/ manufacturing systems and absence of R&D, which can be
controiled using advanced manuficturing technologies, training of man power on
state of the art techniques/tools,

iv.  Clustering of manufacturing scetor in industrial zone, which not only improve
business but also provide trained man power in the same zone to cope with challenges
of innovation and dynhamic environment,

v.  The operating cost of running auto business in Pakistan is relatively lower in the
region. To attract customer, emphasis should be made to improve R&D capabilities
and produce in masses to reduce per unit cost.

vi.  The commitment of scnior management for incorporating innovation in business is
essential. Value Analysis (VA) and other value adding tcchniques should be taught to
shop floor personnel. This may attract the foreign customers and improve business in
the world marketplace.

In this chapter, literature related to manufacturing strategy, dimensions of competitiveness,

mass customization have been reviewed. Pakistani automobile industry scenario is also

presented in order to get know how of current auto industry practices and comparce with
world market. A lot of potential exists in this scetor; therefore concrele workable solutions
would aid manufacturers Lo cope with present cnvironment, In literature review section, (it is
identified that therc exists a significant gap in literaturc to address dimensions of

competitiveness together within a single framework using PPMx. Thercfore, using PPMx as a

platform necessitates identifying location of auto industry and then suggesting a route which

aid Jocal manufacturers to sell their products in the local as well as in international markels af

competitive prices.
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CHAPTER 3

RESEARCH METHODOLOGY: QUESTIONNAIRE DESIGN
& ANALYSIS
A. RESEARCH QUESTIONNAIRE DESIGN

3O INTRODUCTION

This chapter is about research questionnaire design and analysis. A comprechensive survey
was designed in order to assess level of manufacturing management practices, objectives of
the manufacturers, and basic infrastructure i.c. quality practices, volume versus varicty
information and questions related to human resources, cost, innovation ete. The questionnaire
is attached in the appendix. Based on the responses received from manufacturers,
questionnaire is analyzed and three types of manufacturers identificd using depth and width
classifications. The width is knowledge of manufacturers about techniques and depth
assessed by level of implementation of techniques. The manufacturers have rated objectives
well, but actual practice is far from stated objectives and international standards. So the
analysis of questionnaire identified three types of manufacturers termed as Protector,
offensive and innevative. ‘Protector’ is the type of manufacturers whose cmphasis is to
become mass producer to reduce cost. *Offensive’ manufacturer’s main focus is achieving
high quality and offer number of models to satisfy customer requiremients with high quality.
‘Innovative’ manufacturers are those who survive or differentiate in the marketplace with
uniqueness and innovative design with rapid product development. The archetypes work in
framework which censists of four phases which are explained in chapter 4 as *manufacturing

strategy framewaork’,

3.2 RESEARCH METHODOLOGY

A comprehensive survey was designed for identification of manufacturer’s objectives,
manufacturing management practices, problems faced and basic infrastructure analysis. The
questionnaire was designed in consultation with the practicing managers and discussions with
Engineering Development Board (EDB) scctor development cell as given in table 3.1, A
number of guestionnaires werce also reviewed betore designing questions. The work of (G S,
Dangayach, 2001 and K. Sexana 2000) is significant, It is important to notc that no
significant studies of Pakistani industry context arc available {or utilization by manufucturers.
There is a nced to address this core issuc and use mare scicntific base in selecting appropriate
decision making poth at tacticai and strategic level, A survey ol awtemobile discrete parls

industry was conducted. The target companics were sciccted from industrial directory
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published yearly by PAAPAM (Pakistan Association of Automotive Parls & Accessorics
Manufacturers, 2006). Personal visits to some campanics were also made to get first hand
information and questionnaire validated by sample questions from shop floor managers. The
questionnaire contained three scctions i.e. section one contained questions pertaining to
manufacturing objectives, section two about manufacturing management practices and last
section contained questions about problems of industries encountered and basic infrastructure
(quality level, defect rate before rework, inventory held, setup time, R&D activities, training
of workers and major barriers faced by manufacturers) are given in table 3.1.

Table 3.1 Main sections of questionnaire

|__Section No. Type | Questions relating to
Section 1 Manufacturing Objectives s Waste reduction
e (Capacity utilization
e Supply chain inanagement
o (uick responsc to

customers
e Agile Manufacturers
e [nnovative Product

| Development
| Section 11 Manufacturing Management | s Just In Time
Practices e  Optimized Production
Technology

e Group Technology

e Value Analysis

e Activity Based Costing

o DBreak Even Analysis

e Total Quality Maragement |
* Process Capability

Analysis
¢  Advanced Manufacturing
L | System _
Section [1] ] Major obstacles and Infrastructure | e Major obstacles _

e Inventory related
e (Quality Practices
e Layout Type

e Sctup time

e R&D activitics

e Training activities
¢ Numbcr of Employces
* Volume- Variety

—— ——— —— - . ———— e —— e —

Based on the feedback of practicing managers and discussions with 1EDB sector development

professionals, finai version of questionpaire was sent to the companies. Out of 180

—— e LR

—_— e —



questionnaires mailed 1o CEOMDs/Managers, 66 responses were reecived out of which 60
were Tound usetul. This pives a response rute ol 3349 which s considered adequate for this
type of survey in [ragmented discrete parts manulacturing industry. Frohlich M (2002)
suggested ways o Improve response rate, which iy also considered i designing of
questionnaire. The distribution of the responding companics in lerms of region is shawn in
Table 3.2, (Delphi technique was also studied/ sent postal & email questionnaire)

Tuble 3.2 Region wise responses (Vo)

Region Percentage Responses (%)
Sindh (Karachi/l lvderabad) B
Punjab (Lahore/Faisalabad/North) 48
NWIP (Gadoon /Hattar) 1

3.2.1 MANUFACTURERS OBJECTIVES

The respondents were asked to rate the strategic objectives ol manufacturing listed in the
questionnaire using S-point scale, with a score of 1 indicating “not important’, 2 “lcast
important’, 3 “moderately important’, 4 timportant’ and a score of 3 indicating Cvery
important’, Supply chain management, quick response to customers (custoner focused) and
agile systems were idertified as the most important objectives by the respondents, whereas
innovative product development. waste reductions and capacily utilization were considered
relatively less important. This is satisfactory as manufacturers are aware of their strategic
objectives and rated objectives quite well. This is shown in figure 3.1,

Strategic Objectives

Capacily ublzation ]

Waste reduction [

Supply cham management | =
|

Quick response o markat F 1

Agle systems [ 1
|
“movalive praduct development [ ]

0 i 2 3 4 5

[Fig 3.1 Objectives of Manufucturers

Despite this, sone of the respondents rated capacity wiilization (resources) as the most
iiportant strategic objective. This is perhaps in the mindset of some manulaclurers o utilize

capacities to gain competitive edge in the long run. Utilization of capacitics is viewed as 2
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function of current demand ol a product and not being considered as a corporate stbrategic
objective.

3.22 MANUFACTURING MANAGEMENT PRACTICES

The manufacturers were asked o rate the manufacturing methods/systems on a 3-point scale
in terms of usability as 1 "not famibiar with’, 2 Not considering’. 3 “considering’, 4

‘practicing for last 1 year” and 3 “practicing more than 1 ycar™. This is shown in figure 3.2,

i —
Justin Time by —
s —
Cplimized Production ool I‘ /
fi e
Group Technokgy |G f
|} A
Value Analysls oy —
af, A
Actvdy Hased Cosling r?
g v}
Break Bven Analyss s
L —3
Tedal Quakly Management ,L,—— ¥
IJ —
Frocess Capubdity Anpkss == y "
Advanced Mansfaciunng system ¥ /
7 9 8¥5 r / f ! /
0 i 2 3 4

g 3.2 Manufacturing Managenient Practices

The systems which are popular among manulacturers are Volal Quality Management
(TOM i.c. 1580 9000, charts cte). use of Advanced Manulacturing System {AMS) like stand
alone CNC's and Break Fven Analysis (BIA) in make/buy decision making. The other
important manufacturing  systems/methods  like Group Technology (GT),  Optimized
Production Technologics (OPT) like balancing of production line, Activity Based Costing
(ABC) and Value Analysis (VA) are relatively less practiced in the local industry. More
attention was paid for the investiment in islands of autemation systems like CNC's. There is a
lot of pressure on Pakistani manufacturers 1o inercase their product quality and reliability
particularly due to increasing competition and likely changes in the world trade structure. 1t
thercfore, imperative for the industry to improve its productivity and competitiveness. One
way of achicving this competitivencss is through automation, These help manufacturers to

gain process flexibility and give long term competitive cdge 1o companies,

3.2.3 MAJOR OBSTACLES
The respondents were asked o rate the major obstacles in achieving production targets, or
them timely supply of materials from vendors and workers/ employcees attitude are the main

obstacles, followed by power cuts and break downs problems as shown in [igure 3.3,
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Major Barriers

WWmy  DreanDowss Wi Labowr P owerculs
Localiors  Atdude

Figure 3.3 Major abstacle faced by manulacturers

As power cuts are merely external factors which can be controlled through national
power generation facilitics, The major obstacle which is {clt by manulacturers in supply chain
management system 1s varying demand (expressed as deviation in sales forecast), which is
added up by longer manulacturing cycle times, which makes it necessary Lo forecast for
longer time horizons. This is due to lack of standards and forccast data, (Since cmphasis is o
shilt industry to o viable place on PPMN, henee we are not focusing on supply chiin issues).
3.2.4 INFRASTRUCTURE
3241 INVENTORY
Regarding raw material and finished goods inventory, respondent were aware ol material
requireiment planning methods, but depend on shortage list inventory mechanis.

T

2-7 days I’IL il
[ 8
F

L

2weiks

2 weghs- 1 monih

> 1 monlh |

Q o

Frgure 3.4 Raw material inventory held
The raw material and Dnished goods inventory lgures stated that industry is operating
in high inventory mode, which is far from adoptlion of just-in-time concepts. About 60-63%
of the manufacturers maintaio raw material and finished inventory lor [-2 weeks te 1 month.
interestingly, there are fow companies which are trying to minimize raw material and linished

goods inventory. The ultimate goal would be achicved when vendors becomes reliable (zero



defect stage) which will cut out a lot of waste from the system. The raw material and finished

goods inventory are shown in figures 3.4 and 3.5 respectively.

no response

1-2 weeks

2 weeks-1 month

> 1 month

Figure 3.5 Finished goods inventory heid

3.24.2 QUALITY PRACTICES

Though industry is claiming of practicing TQM philosophies, still the quality level is far from
defects per million. The quality levels are only beginning to show on the shop {loor. About
34% companies have defect rates before rework of up to 1%, 40% companies have defect
rates between 1-3% and there are 6 percent companies which reported above five percent.
These defect rates percentages arc far from the global standards of defects per miflion as

shown in figure 3.6.

o,
Above 5% 3,55,

Figure 3.6 Average percent defeet rate before rework

3243 LAYOUT TYPE
Regarding the layout type in practice, none of the company has implemented cellular layout

which is generally considered as onc of the foundations to achicve competitiveness at shop
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floor level. The other types {requently in use are product, process, fixed position and quantity
flow lines ete. Product layout arc used when the scale of production favors dedicated
production facilities, proecss layouts in case of batch and fixed position usually for heavy
industries, Quantity type flow lines are like product layouts but varicty can change over

period of mmede! type and style as shown in figure 3.7,

Cellutar layout

10
.,-/3--\.
Quanity flow -nE £~ f,f f’ T Fixed postion
B .';,3 >T |
'.I'II n ' |
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(< ,), |
Praduct fcvused‘ ~ ~} / ,- '_ > Mo dea
;-i‘

Prccess fcocused

Figure 3.7 Layout types in use

3.2.44 SETUP/CHANGEOVER TIME

Setup/changeover time plays a vital role by processing multiple materials/product/mode!
types on the same equipment/machines. Larger setup/changeover times in multiple products
forces langer cycle and slow response to the market. This led to the development of Single
Minute Exchange of Dies (SMED) in Japan in 1950s which refers to setup time in single
minutes i.e, less than 10 min. Two companies have reached this stage and seven of them arc

very close to it. Both make up a sample of about fourteen percent as shown in figure 3.8.

less than 10 min fi

10-30 min |

30-60 min e

1-5 hours

5-@ hours

> 9 hours Lﬁ—- - i =k

0 3 8 9 12

Figure 3.8 setup/changeover time



3.2.4.5 RESEARCH & DEVELOPMENT

The respondents were asked to rate the research and development activities being carried out
as shown in figure 3.9, Fifty eight percent stated that R&D activities are carried out to some
extent. These activities are not regarded as important as few (3.44%) have indigenous R&D
capabilitics of product designing and integrating it with manufacturing. This indicated an

unsatisfactory practice and is away from CAD/CAM integration.

10.34%  344%

27.68%

5B8.62%

[OAgrealexient ® To some extent O Alille 0 Not af afl |
1 PR Al P i

Figure 3.9 R&D activities

3.2.4.6 TRAINING OF EMPLOYEES

Training of cmployees and learning is an essential part in {inm’s success. Training schools
and institutes financed by industry Is very conunon practice in developed countries. The
respondents were asked to rate the training expenditures carried out. Only 4% have
considered it for the last {ive vears, 17% are at the stage of considering it to be important and

rest 69% far away and ten percent are not sure of it as shown in figure 3.10.

'L:J Hol cansicering B Considering O Inevlakble O Notsure |

Figure 3.10 Training expenditure
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3.2.4.7 NUMBER OF EMPLOYEES
The next question asked was number of employees working in the industry. These figures are
shown in percentage in figure 3.11 (rescarch focuses both large and medium industry).

Above 250

Below 50 T%

23%

Betw een Y00~
250
J3%

Betw cen 50-
100
374

Figure 3.11 Number of employces

3.2.4.8 PRODUCT PROCESS CHOICE

The questions asked from respondents about Product Process choice i.e. number of products
produced per annum. The respondents stated that although they feel that some of
manufacturers are operating in mass production zone, but in rcality arc far away {rom mass
production ranges and philasophics of million parts per annum. Twenty six pereent stated that
their annual rate is below fifty thousand units. forty percent lic between medium volume
ranges, thirly pereent are producing above one hundred thousand parts and three pereent are

net sure about it as shown in gure 3,12,

o el b e Sl e y
50000 i above SD000 above 100000  not aule
Dizlire and beksy
100004

Figure 3,12 Product Process percentages
Another way ol analyzing production system perlormance is total number ol parts
produced versus product variety as advocated by (Hayes and Wheelwright, 1984; Skinner

1985, Akhtar ct al 1993; Miller and Roth 1994, Spencer and Cox. 19955 Safizadeh ct al 1996:
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FHIL 1993, 2000; Ariss S, 2002 Ahmad and Schrocder, 2002: Trank £ Rowbotham 2004
Taps et al 2005; and Johansson P et al 2006). The data of the production volumes and product
veritics have been plotted on standard Product Process Matrix (PPMx) and it represent “ow

to medium volume with low variety manufacturing scenario as shown in figure 3.13.
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Figure 3.13 Industrial cluster
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B. RESEARCH QUESTIONNAIRE ANALYSIS
3.3 ANALYSIS OF THE FINDINGS OF SURVEY
The survey of the industry has been presented in the previeus section. The figures showed
existing scenario of automobile manufacturing industry in terms of objectives, manufacturing
management practices and infrastructure.  The survey raises some important rescarch
questions/issucs that have been addressed briefiy as:
3.3.1 Objectives of industry versus  international  trends  to classify  type  of
manulacturers.
332 Level  of  manufacturing  management  practices  ie.  (knowledge  of
system/techniques and actual practice).
3.3.3  Location of industry an Produet Process Matrix (PPMx).
3.3.4  Coping with the existing manufacturing crvironment in the form of stralegics L.e,

‘Manufucturing strategy framework’.

3.3.1 OBJECTIVE OF INDUSTRY VS, INTERNATIONAL
STANDARDS/CLASSIFICATION:

In order to compare the objectives of the participant companies with those of the international
trends; we proposc an approach which is:

1) Companies which rated capacity utilization greater than or equal to 3 against agile
manufacturing below 3 are ‘protector manufacturers’. As traditional mass producers
emphasize more on internal objectives like efficiency i.c. to protect the under utilized
resources. The best example of efficiency based system is capacity utilization. In capacity
atilization, efforts are made to effectively utilize the resources, as main concern for such
players is cost per unit. On the other hand, ‘agility’ is the ability of surviving and prospering
in a competitive environment for continuous and unpredictable change by reacting quickly
and cffectively to changing markets, driven by customer-defined products and scrvices
(Gunasckaran, 1999), The agility is meeting needs of customers i.e. external focused. Some
of the key characteristics of “protector manufacturers” are:

1. Low cost is the dominant competitive priority so degree of cost control is very high.

2. Production methods are manuai/rigid automation and setup times usually large.

3. Capacity utilization is very high and flexibility is relatively low.

4. Multi skill requirements are Jow, so training is “generally” focused.

39



‘Protector Manufacturers’ would correspond to mass production in Hayes and Wheelwright
(classification of 1984) and reactive enterprises (G. S. Dangayach, 2001). They represent
16.7% of the companies who responded.

i) Companies which rated capacity utilization below 3, agile systems above 3 and faster
praduct development being equal to three are ‘offensive manufacturers’. These manufacturers
emphasize agility and de-emphasize capacity utilization, but give significant rating to
innovation. Speed, coping with uncertain demand, meeting the customer requirement
{quality) and flexibility are the primary attributes for them. These arc referred to as ‘offensive
manufacturers’. They have full potential to capture the market with high quality and customer
focused. Some characteristics of offensive manufacturers arc:

1. Top preferred activities arc customer focused, total quality improvements and

flexibility,

2. Degree of cost control is low/medium.

3. Production methods are flexible, so setup times are usually small.

4. Multi skill requirement is medium/high, so trainings arc diversified,
This is similar to stage IT of Flayes and Wheelwright (1984) model and neutral enterpriscs (G.
S. Dangayach, 2001). A major chunk of companics lie in this cluster and represents 70% of
the respondents. The companies that are in this cluster have achieved a necessary, but not
sufticient condition.

i) Companies which rated agile systems above 3 and at the same time, faster product
development above 3 are ‘innovative players’. These companies have well cstabiished
product developiment centers and can play well in the world marketplace. Implementation of
innovation in SMEs requires ongoing effort, commitment and understanding beyond that of
continuous improvement (Paut et ai 2005). Innovation is also viewed as the single most
important factor in developing and sustaining competitive advantage (Tidd, 2001). Some
characteristics of innovative manufacturer are:

1. More investment in innovation and R&D activities is required.

2. Design change flexibility. product mix changes arc given more importance as

compared with agile and proteciorate manufacturer.

3. Qutperforming competition in terms ol product performance and quality ol service.

4. Training and educational level of operalors is very high, so training requirement is

much diversified,
This group corresponds to Flayes and Wheelwright's stage I model and active/proactive

enterprises (G. S, Dangayach, 2G01). This is the smallest group in our study representing

40



13.4% of the companies who responded. This group is still far from achieving significantly to
out perform compctition in the marketplace.

From this objective analysis, three types of manufucturers identificd, are ‘protector’
corresponding 1o low cost, ‘offensive’ corvesponding to cusiomer focused with high quality

and ‘innovative’ corresponding to outperforming competition with product differentiation.

3.3.2 LEVEL OF MANUFACTURING PRACTICES IN INDUSTRY:

[n order to assess the perception of manufacturing practices, we propose an analysis bascd on
the familiarity (know how) and usage (practicing) of the manufacturing methods/systems.
The questions asked in this scction were linked with the objectives analysis scction as
described above. The respondent were asked to rate the systems used on a 5-point scale in
terms of usability (practicing).

In Optimized Production Technology (OPT). objective is achieving tmproved
efficiency and processes, strecamlining of opcrations, minimizing waste time c¢ltc which
reduces per unit cost. The major beneficiaries for such systems are *protector manufacturers’
as major concern for them is efficiency t.e. ‘capacity utilization” to reduce cost per unit. The
use of Total Quality Management (TQM) is rated top by respondents and its applicability
exists for ‘protector, offensive and innovative’ manufacturers respectively, The other
systems/methods are Break Even Analysis (BEA), Advanced Manufacturing System (AMS),
Process Capability Analysis (PCA), Activity Based Costing (ABC), Group Technology (GT),
Value Analysis (VA), and Just in Time (JIT). The rclevance with strategic objectives is
presented in table3.3. Value analysis and Just-In-Time production systems were identificd as
the least practiced manufacturing methods/systems in the industry.

The results of the survey are briefly presented as under:

OPT: 16.7% stated that they have been practicing it for last onc year, 46.7% arc in statc of
considering it and 26.7% have not yet considered it while 0% are unawarc of it.

PCA: 30% stated that they have considered it over last one year, 60% arc in statc of
consideration and 10% have not considered it.

BEA: 53.4% have bcen considering it over last one year, 3.4% for last 2 ycars, while 43.4%
ar¢ in consideration phase.

GT: 13.4% are practicing it over last onc year, 46.7% are still in consideration stage and non

consideration percentage is 40%.
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AMS: Tifty percent of respondents are using AMS like CNC’s or other autematic/semi-
automatic machines for last one year, 13.3% for last two ycars respectively, Consideration
and non consideration make up 6.7 and 30 percentages sample respectively.

ABC: 16.7% have implemented activity based costing in their shop floor over last onc year,
56.7% are in consideration phase, while 26.70% have not yet considered it as useful.

VA: Surprisingly, 26.7% are only in consideration stage, 56.7% havce not considered it and
16.7% are unawarc of it.

JIT: Only 10% are in consideration phase, whilc 90% are not considering it.

TQM: 13.4% & 50.7% have been practicing it for the last one and two years respectively.
23.4% are in considering stage and still 6.7% have not yet considered it as important system
for industry,

In gencral, overall ratings for manufacturing management systems in percent arc; 2.96% arc
unaware, 32.6% not considering, 35.3% considered it, 25.7% and 3.4% practicing for last |
and 2 years respeclively as shown in figure 3.14. In order to analyze level of manufacturing
management practices, we introduce breadth and depth coneept. The breadth dimension is
assesscd by the number of respondents who are considering and  practicing  the
methods/systeims, whereas, depth only assesses what respondents are actually practicing. The
‘breadth’ is the level of understanding of the manulacturing methods/system  under

consideration and *depth’ is what companics actually practicing for last years.

3.40% 4 2.96%

25.70%

O Unaware T m ot considering

, O Considerin O Practising for last 1 year

| . FPractising ?or last 2 year

Figure 3.14 Percentage of overall usage of systems
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Thercfore, breadth and depth are calculated by the tamiliarity and usage pereentages as
under:

Breadth: respondents who arce familiar with methods = 35.3% + 25.7% 43.4% = 64.4%,
and Depth: respondent who are actually practicing the tools within their shop floor =
25.7% +3.4% = 29.1%. therefore, Breadth = 64.4%; Depth = 29.1%. Tis showed that
breadth (information about systems/methods) iy moderate (manufacturers are aware of
tools/techniques/methods), but depth is low (level of actually practicing). This comes ont
that companies are not practicing what they knovw which hampers them (o hecome
competitive in the markeiplace. Therefore, we concluded that comparies in stralegic
objectives have responded well, but actual practice is far from their stated strategic
objectives, So, having right objectives may not lead to superior performance, bul
operating without them guaranteed to lead to competitive disadvantage. This calls for
proposing a framework in the world of possibilities making unse of hknown
techniques/tools in a systemuatic and orderly manner to effectively cope swith the

existing manufacturing environment ¢ffectively.

3.3.3 ANALYSIS BASED ON PRODUCT PROCESS MATRIX (PPMx)

Three types of manufacturers have been identified in the previous section are protector,
offensive and innovative. In order to assess industry current scenario by suggesting
normative path, there is a need to effectively use standard platform. Onc such platform is
Product Process Matrix (PPMx) which has been extensively used for analyzing industrics
based on volume vs. product variety. It is cvident in the previous scction thatl ‘medinm
volume- low variety’ manufacturing environment has becn identified, therefore, it 1s
imperative for industry to operate near economical production diagonal as suggested by
(Hayes & wheelwright, 1934; Akhtar et al 1993, Hill 2000). The major role is to shift
industry to a more viable place in PPMx without much capital involved at first stage
using known techniques. The abject is to obtain increase in productivity by being more
efficient and overcoming losses. The tools for protector manufacturers can be any
traditional approaches like line balancing technique, stream lining of operations.

minimizing non produtive times ete which will help reduce operational losses and hence



allow production to increase thus reducing per unit cost. This is now operating just same
as 1n mass production system,

In next stage, flexible processing systems are needed to increase varicty to
accommodate number of models and improve product quality. Use of advanced
manufacturing systems is feasible as it can accommodate any design changes made. The
changeover between production runs takes time called the setup time or changeover time.
It is the time to change tooling and to sct up and reprogram the machinery. This 18 lost
production time, which is a disadvantage of conventional/traditional manufacturing
systems. The major role of offensive stratcgy is to shift from traditional manufacturing
system to different level of automation (as per requirement) which arc more agile,
improve product quality and cohance responsiveness o capture the world market. In the
competitive environment the significance of value addition cannot be over-emphasived.
In innovative strategy, thosc processes (manufacturing or business) arc climinated which
do not contribute higher value to the product i.c. more costly and less important, The
value deliberately implies looking at cost - importance relationships of the manulacturing
processes involved. This allows cven higher volumes and variety duc to the additional
purchasc power of the customer in the developed world, The normative route (complete
discussion of stratepy [ormulation will be discussed in chapter 4) for three shrategies

which is given in the main framework and shown in figure 3.15.

Existing

= : Piotector
Situntion

Figurc 3.15 Routc of three strategics (Jahanzaib & Khalid, 2005)
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3.3.4 MANUFACTURING STRATEGY FRAMEWORK
The framework presented in chapter 4 can deal with strategic objective of low cost, high
quality/customer focused and innovative in an orderly manner. The framework starts by
comparing existing industrial sector analysis (capacity, technology/manufacturing
capabilitics) and current market environment. The comparison results in identifying
competitive drivers and hence setting the objectives accordingly, Based on the objective
settings and competitive drivers, manufacturing option strategy is formulated with three
types of manufacturers identified in our survey/benchmarking exercise. Having sclected
an objective e.g. either Jow cost, high quality/flexibility and innovation, strategics arc
formulated with objcctive, operationalization and continuum. The triple strategics are
‘protector’ corresponding to low cost, ‘offensive’ corresponding to quick response to
customers and “innovative’ corresponding to product differentiation respectively.
Simulation as a tool is used and model is developed using data obtained from case
companies. Experimentation is performed by changing the base values to sce its impact
on performance mecasures. Slopes of the functions are then computed using standard
spreadsheet software (MS Excel®), The values are prioritized based on decreasing order
of sensitivity. Performance measures important for case companies related to three
strategles are discussed with the company’s management. The model results are finally
prioritized to be used to achicve competitive edge. The framework will be explained in

chapter 4,

3.4 CONCLUSIONS
This chapter surveyed the automobile industry of Pakistan as there are no significant
studies available for utilization by manufacturers. A questionnaire was designed in
consultation of practicing managers, EDB excecutives and vice-chairman and surveyed
similar type of questionnaire (Sexana 2000, G. 8. Dangayach, 2001). It is interesting to
note that no such significant work for assessing industry available in international
literature. The following conclusions arc drawn from the survey/benchmarking excreise
of industry:

i.  The response rate was 33.4%, which is adequate for this type of survey in

fragmented industry of aute parts manufacturers.
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1.

1l

vi.

The manufacturers rated agility, supply chain and faster product development as
the most important strategic objectives, but are still operating and running
business in conventional ways.

The manufactures are quite awarc of the techniques/ mecthods used for
improvements in industry. In order to identify level of tools/ techniques practices,
we have calculated breadth and depth approach. The breadth assess the
manufacturers know how about system/methods and depth spot out what
manufacturers arc actually practicing. Based on breadth and depth percentages, it
is found that breadth (know how of systems) is moderate, but depth (practicing
within shop floor) is very low. This illustrate that manufacturers arc awarce of
strategic objectives, butl their practices are far away from their stated goals.
Having right objectives may not lead to superior performance, but operating
without them would guarantee to icad to competitive disadvantage.

The companies are facing obstacles of supply chain management, which is due to
unreiiable vendor supply system which would hamper manufacturers 10 become
externally focused {customer satisfaction) because of longer supply time of
material. This can be overcome if vendor would become reliable by eliminating
weaknesses in the system (zero defect/II'T ete). An in-depth study should be
carried out for utilization by manufacturers which would cut out waste time {rem
the system (from supply chain perspective),

The quality practices are at infancy stage as companics are not {ocusing on
continuous improvement philosophics both in products and processes, The defect
rate before rework would be achicved by proper training of human resources and
using advanced manufacturing systemms for quality improvement. Once way of
improving quality is through automation. It is essential for manufacturers to
improve product quality and reliability as market scenario is changing rapidly
which is offering pressure on manufacturer to become competitive.

None of the manufacturers are practicing cellular layout which i1s generally
considered as one of the pre-requisite to become world class manufacturers. The
manufacturers are using product type layout which help them to become mass

producers, but turn into exiernal {ocused manufacturers (for exports). require
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Vi,

vIil.

ix.

X1.

systematizing their shop floor to meet the customer expectations (accommodating
variety). This would be possible by reorganize shop floor {ayout.

The longer setup times forces longer lead times, which slow down manufacturer’s
performance. Changeover/ setup time play an important rolc in business settings
which can be overcome by shifting their processes [rom traditional to automation.
This not only reduces lead time and setup time but also improves quality and
accommodates product flexibility.

Companies are far away from R&D activities as many fow companies have
separate R&D centers. This would be achieved if companies focus to establish
training schools and design centers for training man power on multiple skills,
Off-line simulation and virtual software training should be part of such school
curriculum.

An analysis is performed to identify the position of industry on PPMx matrix. The
production  volumies and vartety information has been  coliccted  from
manufacturers in questionnaire. It showed that companies are clustered in medium
volume low variety location on PPMx. Therefore, 1t is found that automobile
discrete parts industry lie in medium volume-low varicty place, This 15 not
economical as companics have made investments cither to become mass producer
(high volume- very low wvariety) or batch type manufacture (medium volume-
medium variety) but lic in medium volume- low variety cluster.

The findings of the survey cxercise identify three types of manufacturcrs by
comparing their stated objectives with internal trends, The manufactures arc
termmed; ‘Protector’, ‘Offensive’ and ‘Innovative’ corresponding to low cost, high
quality with customer focused and valuc added ones to outperform competition,
In this classification, 70% companies claimed that they are practicing
tools/techniques of offensive manufacturers. It is found thal they have achicved a
very neecssary not a signilicant condition.

There exists a relationship between three strategics when companies shilt from
existing situation to a more viable place on PPMx. 1t s found that a relationship

exists among manufacturcrs in normative way.
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This chapter described research methodology and analyzed a questionnaire based on a
comprehensive survey in order to access level of manufacturing management practices.
objectives of the manufacturers, and basic infrastructure i.c. quality practices, volume
versus variety information and questions related to human resources ete, The results of
the survey/benchmarking exercise identified three types of manufacturers i.c. ‘protector’,
‘offensive’ and innovative corresponding to low cost, customer focused with high quality
and innovative with rapid product develapment capabilitics. Analysis based on PPMx 1s
also presented which spot out ‘medium volume- low variely manufacturing environment
in automobile industry. This lead us to develop a framework for operationalizing of
strategics as identified in our survey/benchmarking exercise. The framework which
consists of four phases is presented in chapler 4 for assisting manufacturers to cope with

manufacturing environment,
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CHAPTER 4

THEORETICAL CONSIDERATION-
MANUFACTURING STRATEGY FRAMEWORK

4.1 INTRODUCTION

There exists a significant gap in the cxisting literature to address low cost, high quality/
agility and innovative differentiated products manufacturers as  analyzed in
survey/benchmarking exercise. Three types of manufacturers have been identified to cope
with low cost, high quality and innovative issues in chapter 3. A company may opt for
being the lowest cost producer (protector manufacturers), highest quality/customer
focused (offensive manufacturers) and product differentiators (innovative manufacturers)
with improved customer satisfaction level. Each of these competitive advantages forees
the organization to adopt a particular manufacturing strategy, which may in turn demand
a particuiar type of manufacturing system, organizational set-up, matcrial handling
methods, information processing and manufacturing control systems. To overcome the
limitations above, we propose a framework for manufacturing strategy analysis
appropriate for the environment portrayed in the objective and manufacturing industry

practices and is shown in figurc 4.1,

4.2 THEORETICAL FRAMEWORK

It starts typically by comparing existing industrial scctor analysis (capacity,
technology/manufacturing capabilities) and current market environment. The comparison
results n identifying competitive drivers and hence setting the objectives accordingly.
Based on the objective settings and competitive drivers, manufacturing option strategy is
formulated with three types of manufacturers identified in our benchmarking cxercise.
Having selected an objective e.g. either low cost, high quality/flexibility and innovation,
strategies are formulated with objective, operationalization and continuum. The triple
strategics are ‘protector’ corresponding to low cost, ‘offensive’ corresponding to quick
responsc to customers and ‘innovative’ corresponding to product differentiation

respectively, Simulation as tool is used to develop models for analyzing real systems in
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question. Experimentation is performed slopes of the functions are then computed values

prioritized by carrying out sensitivity analysts.
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Figure 4.1 Manufacturing Strategy framework (Jahanzaib & Akhtar 2007)

The model results are finally prioritized to be used to achieve competitive cdge and

discussed

with casc

companies’ management. The

theoretical

framework for

identification of market scenarios, formulation of strategies for types of manufacturers,

model development/evaluation and validation is described in subsequent scction below.

The framework consists of following four phases and is shown in figure 4.1:
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4.2.1 Competitiveness identification phase
4.2.2 Strategy formulation phasc

4.2.3 Model development and evaluation phase
4.2.4 Validation phase

The main phases of the framework are described below:

4.2.1 COMPETITIVENESS IDENTIFICATION PHASE

In this phasc market is analyzed, industrial environment is assessed to identify
competitive drivers. [n existing resources analysis; capacity, technology and human
resource capabilitics are assessed. Market situation, future trends and competition is
analyzed in industrial environment analysis. This helps to understand the dynamic
behavior so that objective selting can be accomplished taking mte consideration the
requirements of the market 1.e. time based competition, low cost and high quality

attributes.

4.2.2 STRATEGY FORMULATION PHASE

4,.2.2.1 ORBJECTIVE:

The benchmarking exereise helped to identify objectives of the industries, usability of the
systems (depending upon the industry environment) and to assess infrastructure, This
helps to choosc a particular competitive advantage cmerging as a result of the right
combination of manufacturing, strategics. These competitive advantages  [oree  the
organization to adopt a particular manufactluring strategy which demands particular type
of manufacturing system. This is explained with the help of conce type strategy trade-off
diagram as shown in figure 4.2.

Three types of manufacturers have been identified i.e. protector, offensive and
innovative as shown in {igurc 4.2, which forces to plan for a trade-off to cope with
existing manufacturing enviromment. Stratcgy names already identified from
benchmarking exercise are “protector’ for capacity utilization objective is to reduce cost;
‘offensive’ with high quality/flexibility and product dificrentiation for ‘innovative
respectively. As stated in the literature the work of (Hayes and Wheelwright 1979a,
1984), (K Akhtar et al 1993), (I1ill 1993, 2000), (G. S. Dangayach 2001), (Safizadeh
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1996), (McDermott et al 1997), (Ahmad 2002), (Ariss S 2002), (Voss C, 2003), (Taps ct
al 2005), (Skinner 1985) and (Johansson P ct al 2000) are significant in this regard.

Innovative

Offensive Protector

Figure 4.2 Conc type Strategy trade-off diagram (Jahanzaib & Akhtar 2007)

4.2.2.2 STRATEGIES

Referring to the figure 4.2, we introduce the strategics, which arc identified during
benchmarking survey. The definitions for strategics arc:

‘Protector Strategies’ are the sct of decisions as a result of which organizations achicves
low cost producer status. Using traditional approaches like line balancing, world load
control; line 1s balanced which help o reduce cost by minimizing waste time/operations
henee reducing cost. The word ‘protector’ is used as a defensive approach for
manufacturers to produce at lowest cost using traditional approaches so as to become low
cost producers, “Offensive strategices” are derived from the set of decistons which results
in the production with high quality, flexibility and customer locused. Technology Driven
Strategy (TDS) framework as an offensive strategy is also implemented tor analyzing the
means of improving productivity by improved manufacturing systems and increased
automation. The focus is to find out the impaet of costs when manufaciuring
organizations replace manual work with automation. Automation does not allow poorly
designed products and incfficient processes to exist (Russell and Taylor, [998).

‘Innovative strategies’ are derived from the set of decisions which results in the
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organization undergoing valuc adding changes with high customer service so as 10
become market differentiators with an emphasis on outperforming the competition. Over
the last decade or so, there appear to be a clear grouping of work in terms of three types
of strategies: [ayes and Wheelwright (19794, 1984), Ll (1993, 2000), Salizadeh (1996).
Ahmad (2002), Ariss S (2002), Voss C (2005), Stig B et al (2005) and Johansson [” ¢t al
(2006).

4.2.2.2.1 PROTECTOR STRATLEGIES

Protector strategies correspond to a least cost producer as major emphasis is capacity
utilization and focused towards intemal issues. By utilizing capacities and minimizing
waste times, streamlining of operations reduces cost per unit. We find following strategy
names given to them: Defenders (Louis, 2004; 3.C Ghosh 2001}, Defensive (Akhtar et al
1993), Care taker (Miller & Roth 1994), Idlers (Frohlich 2001), Reactors (Bryvan 1999),
Starters (Kathursia 2000), Low emphazer (I'rohlich 2002), Quick fix (Jugulum 1998),
Quick relief mode (W, Acar 1989).

4.2.2.2.2 OFFENSIVE STRATEGIES

Offensive strategies correspond to a flexible, customer focused and high quality
producer. The major role of such manufacturers is to produce high quality of parts with
external focused i.e. customer related. This would be achieved using combination of
advanced manufacturing systems/technologies and improvements in human skills and
management practices. We find following strategy names given to them: Technology
driven (B. € Ghosh 2001), Aggressive (Akhtar 1993), Analyzers (Louis 2004)
Prospectors (Bryan 1999; Morgan 1998), Dynamism (Zahra 1996), Designers and servers
(Frohlich 2001), Do all (Kathursia 2000), Quality customizer (Froblich 2002), Cateh up
(Juguium 1998), Performance driven (2003). An analysis is carried out to sec impact of
selecting level of automation/technology in Pakistani discrete parts manuflacturing
industry (Jahanzaib & Akhtar 2007). It is quite helpful for manufacturers when they shift
their business towards automation. An offensive strategy (for technology system analysis
termed as Technology Drivern) is proposed for analyzing the means of improving

productivity by improved manutacturing systems and increascd automation. The focus is
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to find out the impact on costs when manufacturing organizations replace manual work
with automation. Automation docs not allow poorly designed products and inefficient
processes to exist (Russell and Taylor, 1998). There is a lot of pressure on Pakistant
manufacturers to increase their product quality and reliability particularly due to
increasing competition and likely changes in the world trade structure. It is therefore.
imperative [or the industry to improve its productivity and campetitiveness. One way of
achieving this competitiveness is through automation. IHowever, no such studies are
available for utilization by the manufacturers in Pakistan. So there is a need to address
this area which would help local manufacturers to usc more scientific basce rather than
cducated guessing in sclecting appropriate level of technology for manufacturing systen.

Technology driven consists of three medules 1) Data module, 2y Lixpression
module and 3) Output module as shown in figure 4.3, The three modules are brictly

discussed as under;

[ EXPRESSIONS T
[ DATA ]
i (" priorITIZE
w SENSITIVITY
L TRIAL TESTS BASED ON MAX.
USER T < . i VALUES |
, l g .
l 1 SUGGEST v
s N
| RANGE FINAL
DATA OUTPUT
VALIDATION A . . /
SENSITIVITY
ANALYSIS
_ )
DATA MODULE EXPRESSION MODULE OUTPUT MODULE

Figure 4.3 Technology Driven Framework (Jahanzatb & Akhtar 2007)



DATA MODULE:

Industrial data from the same product class manufacturing companies are analyzed and
validated for the purpose of use. Various costs contribute towards the selling price of a
finished product including, manufacturing costs, design R&ID costs and overhcads
(typically marketing, sales, customer service and administration costs). The percentage of
total cost attributed to manufacturing is about 40%, design R&D costs are about 15% and
profit about 20%. These f{igures vary in different organizations depending on the product
and associated market. However, manufacturing costs arc usually the single largest cost
clement in the seiling price and can be broken down further into four main clements with
typical percentages: parts and material about 50%, cnergy, plant and cquipment
depreciation almost 15%, direct labor nearly 10% and indirect labor about 25% (Mair
1993). It is essential that manufacturing costs be identified and properly classified to
allow their appropriate allocation to a particular job (Meigs et al. 1999). The costs
involved in producing a product can be classified as variable costs, fixed costs and
sometimes semi-variable costs (Usry et al. 1988). Overhead costs typically include reat
and rates, heating, lighting costs, office stafl’ salaries, gencral laborers, store-men,
insurance, equipment costs, depreciation on cquipment and servicing  costs, i.c.
maintenance. cle. The majority of these costs are fixed because they are incurred
irrespective of production rates. In order to detcrmine the total overhead for cach
department, cost centers are identified within the company. This allows costs to be
gathered together according to their incidence (Lucey 1996). The unit cost is the average
cost of manufacturing a finished produet, This is generally found by taking the total cost
of production and dividing it by the number of units produced. It is alse of utmost
importance that the selected materials (both for the job as well as for the cutling tool)
have appropriate propertics that allow them to perform satisfactorily during service
(Ldwards & LEndean 1990). In terms of cost, the higher the level of performance required,
the greater the expensc incurred. Therefore, the materials selection decision wiil
generally be a compromise between performance and cost (Dicter 2000). The cost data 18
taken from difterent companies used for analyzing level of technology.

This is the main module in which data is entered in routines that are ceded i a

spreadsheet. These routines work like mathematical simulations  offering  what if
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scenarios by changing input design parameters (process parameters) one at a time 1o
observe the impact of these changes on output (per unit cost). For this, trial tests arc
carried out and validated in expression module, The appropriate range is suggested after
comprehensive analysis, Sensitivity analysis is carried out by changing the process design
parameters like labor, machine cost, ete, as specified in the range. The next step is to
obtain the slope of the function from sensitivity resuits. The mathematical expressions
used in simulation process are briefly explained as follows:

The cost of production on an engine lathe is given by White (1989):
Cost f order = (dr'rect labor cost +machinecos !/ unil + cutting (ool cos t {unit)* x n
where x = units per order

Turret lathe differs from the engine lathe in that the tailstock of the engine lathe is
replaced by a hexagon turret, which permits the mounting of multiple tools. The cross
slide is made long enough to permit the mounting of another tool post of square turret at
the rear of the slide. The (urret may be indexed automatically so that cach tool can be
presented to the work piece in rapid succession (Boothroyd 1977). The subsequent
section describes the equations which have been used in the analysis of technology driven
in offensive strategy for selecting appropriate level of technology. FFor a turret lathe
Cost order=setuog forden +{directlabocod +machineos Lunitrcuttingookos funif*x - (2)
wherc n = no of sctup per order

Transfer machines are used exclusively for mass production, the class of machine
tool referred to as automatic is used in both mass and large-batch production. For
automatic machincs, it is assumed that one operator can service “Na’ automatic machincs.

that the operator's rate (including overheads) is W, and that the rate for one machine
(including overheads) is M;. The cost of production Cp; per component will then be given
by:

Cpr = Chl Nb+(Wo'+ M Y1+ (Wo' / Na+ Mt )tm + [(F0" + M Yet + Ctlom /1 (3)
where, Cy, = cost of setting up the machine (including manufacture of cams cte), Ny, ~
batch size, t, = tool-changing time, C= cost of providing one new cutting edge, t,, =

machining time, t = tool lifc and t1= loading and unloading time.
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With automatics, programming is cxpensive and can be justified only for long production
runs. However, with machines incorporating feedback control, programs can be provided
in the form of punched tapes or punched cards, which are relatively inexpensive to
produce comparcd with dise and drum cams. These machines are known as numerically
controlled (NC) machines and can be used economically in small- batch production. Tor
NC machines, the cost of the preparation for machining a batch of components C;, will
mostly consist of programming costs. There is a direct relationship between these costs
and the machining time “tm’ as follows:

Ch=Kp*im (4)
where K, is the cost of programming and tape-preparation per unit machining time.

The production cost per component is thercfore given by:

Cpr=Kp*tm !/ Nb+ M (11 +{m)+(m/! (M =ret +C,‘1) ()
where Ny = batch size, M = total machine and operator rate, C, = cosl of a tool, t = tool
life, t1 = loading and unloading and tool-advance and tool-withdrawal time, and 1t -
tool-changing time.

In transfer machines ithe component is automatically transferred from one
machining operation to the next cither by a circular indexing table (the rotary-transter
system) or along a conveyor (the in-line-transfer system). It s asswmed that on a transicr
machine having *Ns’ stations the same cutting-tool material is used at cach station.
Therefore, for any stations s, the tool life relation is
VsiVrs= (Ir.\' /15)* # {6)
where V, = cutting speed, ¢, = tool lifc, and V., = cutting speed for a tool life of s, The
machining time tm for each operation is given by
t=Ks/Vs (7)
where K is the distance moved by the tool corner relative to the work piece during the
machining tinie t,,,, and related to
(Vrs*im/ Ks)'" (8)
The total time to produce Nb components is given by:

Nb et + tm} Nb Z (tmrc*ee/ts) (9)



where t, = timc taken to index the machine and advance and withdraw the tools, t.*t, =
tool changing time at any stations, and £ = sum of the terms for all the stations on the
machine. Thus, the average production time per component is

Tpr=tt+im+ Z (tmrc*icis) (10)

[f the rate {costs per unit time) for each station (including the section of the transfer
machine associated with that station) is My, the total rate for the transfer machine will be
L M, and production cost per component Cp, will be given by:

Cpr=>3 (Ms*tpr)+ 3 tm*Crs /s an
where Cy; is the cost of providing a new tool at stations. Substitution ot Eqs. (8) and (10)
in I:q. (11) and rearrangement gives;

Cpr=>Y Ms(ts+tm)+m"™"" lz MY {(K,s IVrs)'" tets | n'sJ+ > {(KS 1Vrs)"" Cts H‘SH (12)
Equation (12) can now be differentiated with respect 1o “tm’ to {ind the machining time

‘Tae glving minimum production costs. Thus,

ime=[(17n =13 [Ks 1 Vrs] " tcts s |4 5 [Ks Vs ] (Crs ors)1 Y s ) (13)

OQutput module

Based on the slopes of functions, process parameters are prioritized in order of highest
level of sensitivity. The recommendations are based on mathematical simulation by
carrying out sensitivity to get different responses at cach level. Output responscs arc
given in a narrative style so that users can comprehend if, and take right decisions at the
right time, just like the case of knowledge bascd systems, which require intensive

knowledge from experts and display results in common sense format,

TD METHODOLOGY

The mathematical routines relating various manufacturing process parameters with per
unit cost have been presented and are taken from standard texts. Figure 4.4 shows the
mathematical simulation flow chart. In data module, real hfe data from difterent
manufacturers have been collected from industry. The data 1s used in expression module

as described above in TDS framework. The relationships expressed in the formulas have
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been implemented in spreadshect to set up corresponding mathematical models. This
modcl behaves like mathematical simulation, as controllabic input design factors can be

changed one at a time to sec the response at the output,

To select level of
Technology

3 A

Selecting mathematical routines Collect data 4
from industry

'

Codirig mathematical 1o utines in
spreadsheet and testing with texi
example for verification

v

Testing routines with real life d ata and fine tune simulation model

Verify the lemﬂi]

N Verified N
i
r
Carrying out sensitivity analysis

v

Decide sensitivity czitexta hased enslope of
values Le. ast, more and most snsitive

L

‘

Figurc 4.4 Flow chart of TD methodology
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We are trying achieving the optimum results from the slopes just like in Responsc
Surface Methodology (RSM) (Law et al, 2000). The next step in the expression module is
trial testing which was done to ensurc the correct sclting up of these models.

Examples from the literature mentioned in the preeeding sections were used. A
comparison of the results obtained using spreadshect models and the standard examples
showed that the models have been correctly set up and pertform as desived. Taving
validated the models through these examples, data pertaining to labor, machine rates, and
other related parameters, were obtained from discrete part manufacturing industries in
Pakistan. These comprised of manulacturers producing products like automobile patts as
mentioned earlier, Average valucs of this sct of data were used as base values for
carrying out a detailed simulation analysis. The next step was to change one parameter al
a time to see the impact on costs per unit for the five different levels of automation.
Varying the parameters in small increments and observing the impact on per unit costs
gave a greater insight into the economics of each automation level. A comparison of the
slopes of these functions allowed us to identify the most sensitive, less sensitive and least
sensitive process parameters. The base values were obtained from the Pakistani industries
and given in Table 4.1. Sensitivity analysis was carried out taking 500 iterations for cach
case. This was done by changing the basc values according to the plan as given in Table
4.2 (a) (b) and (c) respectively.

Table 4.1 Machine and Labor costs

(a) Machine Costs (Rs) (b} Labor Costs (Rs)
Levels | Cost Uscful Life Levels Cost per

Hour
Engine Lathe 1,000,000 5 Engine Lathe 30
Turret Lathe 2,500,000 5 Turret Lathe 35
Automatic 4,000,000 | 10 Automatic 40
NC 9,500,060 10 NC 55
Transfer 45,000,060 15 Transfer 60

(1US § = Rs. 60.5)
Regarding validation process, a) the models have been tested with real life industrial data
at data validation and expression module trial test stage. b) Sensitivity has been carried
out after excluding the initial transient period. ¢) Data from a number of discrete part

manufacturers was obtained and average figures used in order to reduce organization to
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organization variability. d) Results from sensitivity are generally consistent with findings

mentioned in the literature in section above.

Table 4.2 Range of Sensitivity Analysis

(a) Changing Machine Rate
Levels Base Value changed from
Engine Rs 0.072216 to Rs. 5.062216 (a step change of 0.01)
Lathe
Turret Rs 0.00828 to Rs. 7.49328 (a step change of 0.015)

Lathe
Automatic | Rs. 0.00638 to Rs, 00313 (a step change of 0.00005)
NC Rs. 0.1709 to Rs. 0.4204 (a step change of 0.0005)

Transfer | Rs. 0.23 to Rs. 2.725 (a step change of 0.005)
(b) Changing Labor Rate

Levels anse Value changed from |

Engine Rs 14 to Rs. 54.32 (a step change of 0.025)

Lathe

Turret Rs 12.95 to Rs. 87.8 (a step change of 0.15)

Lathe

Automatic | Rs. 0.00035 to Rs, 0.0253 (a step change of 0.00005)
NC Rs. 30 to Rs. 80 (a step change of 0.1)

Transfer | Machine rate (M) inclusive of operator’s rate
(¢) Changing Tool changing time, Setup, C y, tr, n

Levels Tool Changing Time, Base Value changed from
Automatic | 40.24 secs Lo 80.16 secs (a slep change of 0.08)

NC 40.24 secs to 80.16 secs (a step change of (0.08)

Number of setups (n) for Turret Lathe Basc Value changed from
Turret Setup after every 100 units Lo setup afler every 1000 units
Lathe

Cy (&nst of setup) for Automatie Machines, Base Value changed from

@ztomatic Rs 0.01966 to Rs 051866 (a step change of 0.0001)

(i ) Tool Life, Base value changed from

Automatic | 2000s to 8000s

Transfer | 255 to 105s (a step change of 10)

(Cy) Cost of a tool, Base value changed from

NC Rs5.3 %0552

Transter Rs 100 to 900

(n) Tool Material Exponent, Base value changed from

Transfer 0.111 1o 0.25 (a step change of 0.0001) B

Owverhead rates for all five levels, Base value changed {rom

All  live | Overhead rate (100%) was changed [rom 25% 1o 225%
levels
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The results and final recommendations for this section will be presented in chapter 6 and
8 respectively.

4.2.2,.2,.3 INNOVATIVE STRATEGIES

[nnovative strategies correspond to a high market differentiator. The main role for such
manufacturers 1s to add more value at reduced cost. We {ind the following strategy names
given to them: Futurity (Venkatraman 1989), Reactors (Morgan 1998; B C Ghosh 2001;
Bryan 1999), Breakthrough (Jugulum 1998), Market differentiator (Frohlich 2001),
Marketeers and innovators (Miller 1990), efficient conformers (Kathursia 2000).
Innovators (Zahra 1996), Innovative (Akhtar 1993), Innovation (Zhao 2002) and
Competing through manufacturing (Voss 2005).

4.2.2.3 OPERATIONALIZATION OF STRATEGIES:

Identification of manufacturers and strategies has been proposed in the above sections.
This section describes operationalization of three strategies using bundle of approaches in
an orderly manner. Minimization of waste and strcamlining of production linc are uscd
for operationalization of protector players as major concern for them is capacity
utilization to reducc cost per unit. Using techniques like line balancing and load oriented
control to streamline the operations, minimize the waste time from the system and
distribute work content equally among work stations. This balances the production line
and system behaves like mass production as suggested by (Hayes and Wheelwright,
1984).

Flexible and agile systems are used in ‘offensive stage’. As advanced
manufacturing systems like CNC’s do not allow poorly designed products and inefficient
processes to cxist (Russell and Taylor, 1998) and can accommodate any design changes
for delighting customers, there 1s a lot of pressure on manufacturers to increase their
product quality/reliability and product style particularly duc to increasing competition
and likely changces in the world trade structure. It 1s therefore, tmperative for the industry
to improve its productivity and competitiveness., Once way of achieving this
competitivencss is through flexible and agile systems. Group Technology (G1), AMS

and other bundle of approaches can also be used in offensive stage.
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Value cnhancement and activity based costing are used in ‘innovative stage’. Activity
based costing uses costing at each activity level. On the other hand, importance versus
cost in value analysis helps to identify more costly-less important activities. An in depth
study of competitor product and applying value analysis tear down approach is also
recommended at this stage. This may help to add value to product and perform well in the

market after implementation of both tools.

4.2.2.3.1 MOVEMENTS ON PRODUCT PROCESS MATRIX

As it 1s stated in chapter 1 about challenges faced by manufacturers like inadequate
infrastructure, lack of knowledge about competition ete, it 1s imperative to use standard
tool like Product Process Matrix for explaining typical characteristics of cach sirategy
type. As discussed about Product Process Matrix (PPMx) in literature review, that
different type of process structure provide different competitive advantage, c.g.
standardized process emphasizes on reliability and cost, where as combination of flexible
and some dedicated processes provide flexibility both in volumes and product. PPMx
provides a natural way for managers in planning process to elfectively organive
marketing strategics to achicve corporate goals. It starts with a company using traditional
manufacturing resources and enters in the market with low degree of automation. After
some times, it stabilizes and nced improvements in business., The company 1s more
interested in standardization as product variety demands capital intensive technology and
human resources. The goal at this stage is minimizing waste times, streamlining of
operations using some traditional industrial enginecring approaches like balanced
production lines and work load oricnted control. These help reduce operational losscs and
hence allow production to increase and reducing the costs. The effect of these tools will
result in higher utilization of the resources and allow higher volumes as shown in figure

4.5.

04



High

Jobh Shaop

Batch Production
Syzinm

Product Variety

—¢'Mass Production

Shreiup 1
Low ) 3 (
po

Low High
Praduction Velume

Figure 4.5 Movement on PPMx (Jahanzaib & Akhtar 2003)

The production systems now operate in mass production system mode. At stage 1, which
is named as ‘Protector Players’ in our benchmarking exercise, some key characteristics
for interest are capacity utilization, specd of process (after minimization of waste times
and streamlining of operations) etc as given in table 4.5, To expand business and cnter
into thc next stage, other than significant investments, company nced to understand
typical characteristics as incrcascd investment raise the company’s break cven point
offsetting pains from increased sales volumes, In stage 2, company can add less
standardized, more flexible processes in an attempt lo incrcase quality and more
responsive to customer. [t is argued that if a company continues to utilize traditional
systems and try to incorporate flexibility, it may lead to inappropriate process and
organizational structure and 1t may face issues like production planning and conirol with
existing process low. For coping with customized orders, company may opt flexible
processes by properly analyzing existing resources and markel demand, Typical
characteristics  help managers [or migrating  from (raditional to higher degree of
automation at stage 2. The company in next stage needs rescarch and development
activities like value analysis tear down, acetivity based costing to out perform competition
both in product importance and cost. At this stage, company taces complexity in growth
and deals with introducing new products much faster to delight customers. Company

invests on human resource, research and development activitics in order to increase share



in the market by adding more value to product at reduced cost. This is shown in stape 3
on PPMx. Typical ¢haracteristics of cach type of strategy defined above are outlined in

table 4.5,

4.2.2.4 CONTINUUM:

If cone type strategy trade-off diagram as shown 1n {igure 4.2 is considered to represent a
continuum instead of discrete strategics, then figure 4.2 can be redrawn with some
roughly marked points representing known manufacturing strategies corresponding to
generic business strategies. For example in figure 4.6, point (1, 3, and 5) denotes highly
protector, highly offensive and highly innovative strategies. Since the diagram is
illustrating a continuum, we can locate two more points, namely (2 and 4). Point {(2)
denotes scmi protector, semi offensive and less innovative strategics, while point (4)
denotes partially protector, semi offensive and fairly innovative strategics.

Innovative

2
/4

Yol

Offensive Protector

Figure 4.6 Manufacturing Strategy trade-oft paths (Jahanzaib & Akhtar 2007)
[n the literature, we can find references of point (2) in terms of world class competitor,
along with following strategy names given to them: Prospectors (Barbara, 1998), Market
driven (Hawawini, 2003; Weerawandena, 2006), Stretch (M. T Sweeney, 1990) and
Market oricnted group (A De Meyer, 1990). As regards point (4), a closer study of the
literature reveals that point (4) actually denotes what has been defined for point (5),
because very few companies have ventured to take the risk of applying these strategics.

Some of the names given for point (4) are: Incremental innovation (Nirmalya, 2000}, and
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Technological innovation (Zhu, 2007). In most cases point (4) comes oul o be the
turning point and after some time, companies again move to point (1) and (3) for cost
reduction and agility. From the foregoing, onc can conclude that this strategy is fairly
robust as 1t can accommodate a large number of manufacturing types (protecior,
offensive and innovative) mentioned in the literature. Since these strategies described in
the literature have been suggested after rigorous empirical investigations, our proposcd
model is assumed to be practical, closc to reality and helps us to explain the spread over
continuum and work as helping aid for manufacturer to understand competitiveness.

Typical characteristics of cach type of strategy defined abave are outlined in Table 4.5,
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4.2.3 MODEL DEVELOPMENT AND EVALUATION PHASE

n this phase, simulation as tool is used to develop model. Then experimentation is
performed by varying the input parameters and seeing its effect on output variables. The
model results are validated with similar type of analysis carried out in spreadsheet and

sharing with case company management,

4.2.3.1 SIMULATION MODEL DEVELOPMENT

This 1s in fact not a single model but a group of madels to satisfy various necds. It may
have analytical queuing models or detailed simulation models prepared by using softwarc
like Arcna, ProModel, and Witness ctc (Banks 2002). The purpose is to simulate the real
world situation as closely as possible, by selecting key performance measures.

In our case we may prepare simulation models to monitor utilization of resources
(protector trait), product mix/customer focused/high quality (offensive trait) and value
addition/flow time to outperform competitor (innovative ftrait). The model also
incorporates the cffect of uncertainty in case of new product development (NPD). [or
example, in the case of innovative trait, learning curve phenomenon must be inciuded in
the modecl as it aflects the capacity of work cell whenever new producet is introduced. This
in turns affects material planning and procurement processes and makes model more

complex, but it would be close to reality.

4.2.3.2 EXPERIMENTATION

Designing of simulation experiments essentially involves selection of performance
measures, factors that would have 1o be varied, and the levels of cach of these factors that
we want to investigate. The serics of experimental scenarios and the ranges of values
used for carrying out sensitive analysis are reguired. The modcl behavior is analyzed by
carrying out sensitivity analysis, Sensitivity analysis is carried out by varying the valucs
of the model’s parameter and sceing how these changes affect the system. This 1s done
with the objective of ascertaining sensitive parameters. Two kinds of analysis have been
performed. The time dependent cifect in terms of the patlern, secondly the change in
average (or maximum) numerical values of the paramcters m question. The cffeet was

obscrved with respect to the slope of the functions, c.g. a large slope signities a
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‘considerable effect’, comparatively less slope significs a ‘modcrate effeet” while very
little slope represents a ‘nominal’ or very small effect. These scores can also be placed
against each model parameter for relationships that have to be studied. The prioritization

so obtained is based according to equal priority to all factors.

4,2.3.3 VALIDATION OF THE MODEL

A stimulation model provides excellent opportunity for obtaining an analysis of the casual
behavior of the underlying process. [However, two types of validations are always
required. Correctness of the internal structure, as well as nature of the output results,
dictate the degrec of user confidence in validity of the model. They are a) simplification
of assumptions, b) transient behavior ¢) bias in the random samples and d) accuracy of
the data (Law M & Keclton, 2000). The assumptions are simple and did not affeet the
outcome of the model because they are made using real world system. Simulation runs is
carried out including warm-up period for long time (525 hours) so that system gets stable
to minimize randomness in results. “t-test” is also carried out $0 as to obtain the
sensitivity of performance measures under study, Mathematical routines for cach module

are tested separately using spreadshect program.

4.2.4 YALIDATION OF RESULTS
The prioritized results are validated against previous studies and verifying the results with

case company management.

4.3 CONCLUSIONS

This chapter described the manufacturing strategy framework. In this {ramework,
market/industrial existing situation is analyzed, objectives are explored, manufacturing
strategy is formulated (strategies, operationalization and its continuum) and model is
developed for testing of proposed strategies. The model results arc validated against
previously published literature and verified with case company management. This is the
pivoted part in rescarch work by contributing a framework which can cope with industrial

cnvironment portrayed. The conclusions are presented below:
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iii.

v,

vi.

vii,

Vitl.

A generic framework has been developed to cope with industrial environment in
discrete parts manufacturing. The framework is helpful for low cost, customer
focused and innovator manufacturers. The way strategics are placed and progress
on PPMXx 1s unique.

The industrial scenario is assessed by conducting a survey which was presented in
chapter 3. This identified three types of manufacturers which are “Protector’,
‘Offensive’ and ‘Innovative’. The strategics devised in stratcgy formulation phasc
are for these types of manufacturers,

‘Protector Strategies’ are set of decisions as a result of which organizations
achicves low cost producer status. These manufacturers can be bencfited by
employing minimization of waste time from system. The ultimate benefits to
become such type of manufacturer are o reduce per unit cost {produce in masses).
‘Offensive Strategies” arc set of decisions which results in production of customer
focused with high quality and accommodating product variety. Productivity as
well as product variety 1s improved using automation, This helps improve quality
and reliability.

‘Innovative Strategies’ correspond to produce in masses and varicty as well. They
are market differentiator and major role is to add more value to product at same or
reduced cost and help to enhance exports.

In strategy formulation phase, major role for three types of manufacturers have
been elaborated with objectives/focus.

The strategics arc operationalized using traditional/conventional/state of the art
industrial engincering techniques in a systematic manner. Bach tvpe of
manufacturers is befitted and a continuum showed characteristics of three types of
manufacturers,

The strategies are tested taking data from casc companies and model developed in
manufacturing simulation Arena®, The model incorporates real life data and
experimentation is performed to analyze behavior of system. The way simulation

1s used for analysis of strategies is distinctive,

A theoretical manufacturing strategic framework for coping with existing environment is

proposed which consists of four phase. Existing industrial sector (capacity,
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technology/manufacturing capabilities) and current market environment is analyzed on
objective phase. This resulted in identification of competitive drivers and setting of the
objectives accordingly, Manufacturing option strategy is formulated based on the
objective settings and competitive drivers, with three types of manufacturers identificd in
benchmarking exercise. The objectives are low cost, high quality/tlexibility and
innovative and stratcgies are formulated with objective, operationalization and
continuum. A simulation mode! is developed which aid manufacturers to take corrcctive
and timely decision making process in day to day business settings. The theoretical
framework presented is unique in a sense; it can cope with low cost, high quality and
innovation in a coherent and orderly manner. The framework provides manufacturers a
sustainable solution to face challenges of marketplace to become competitive. The
chapter 5 is about model development/evaluation in which detailed treatment of model

devclopment 1s described.
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CHAPTER 5§
MODEL DEVELOPMENT AND
EVALUATION




CHAPTERS
MODEL DEVELOPMENT AND EVALUATION

5.1 INTRODUCTION

In previous chapters, research questionnaire design/analysis and theoretical {ramework is
presented. Three types of manufacturers have been identified as ‘protector’
corresponding to low cost, ‘offensive’ corresponding to customer focus with high quality
and ‘innovative’ corresponds to product differentiators. A theoretical framework is also
presented which consist of four phases as competitive identification/objective, strategy
formulation, model development/evaluation and validation phascs respectively. This
chapter is about building of computer experimental model used for analyzing behavior of
real system. The generic process flow and layout is defined with data requirements,
bounds in the systems and necessary performance metrics/measures. Different solution
methodologies like analytical methods, optimization theory, expert system and simulation
are also reviewed. Manufacturing simulation as a tool is sclected for modeling of real
system under investigation, Operational data like processing times, current quality
practices, frequency of up and down time of production line, operator schedules, process
plans and model mix ete is modeled in simulation tool Arena®. Diftferent modules are
developed which work under proposed strategics and modef is validated by t-test and
more replications. The discussion with case company existing practices also verify

model.

5.2 PROBLEM FORMULATION

The problem is {formulated by defining the process {low of system, input/process data
required, boundarics of the system and performance measurcs important for case
companies. Based on the information, more appropriate tool for modeling is sclected

which aid manufacturers to analyze behavior of system.

5.2.1 PROCESS FLOW DESCRIPTION
[n the casc company studied (processing typical automobile parts) parts arrive [rom
outside of system are send to next processing stape according to their due dates and

production plans as dictated in process plan. Parts get delayed by processing time of first
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manually operated operation. [t takes 10 minutes to machine the part at first manual
operation and setup by the same operator. The parts then move to next manually operated
similar type of machine according to process plan which take 10 more minutes to process
the part. Quality control is performed at this stage; in which all kinds of reworking (if
required) is done on the part. The part is transported to next operation in which critical
bores and diameters are finished. The main feature of this operation is that both bearing
bores arc finished in single clamping so as to achieve perfect concentricity. High surface
finish and accuracy is required in this process. Normally, it takes scven minutes to
perform the required task; however, some fast reworking is also witnessed in which same
operator rework the part on same stage otherwise part is sent to separate reworking stage
and inspection 1s done at this stage.

The parts are then routed to next operation, which is performed on computerized
machine and takes two minutes. The parts are then sent to computerized operation in
which major work includes critical opcrations on each side of part, which take 20 minutes
to perform this task. After this operation, parts which pass through the gquality check
leave the system as ‘good parts’. The remaining parts are sent to reworking stage which is
a separate stage dedicated for reworking jobs. The parts which fulfill quality test in
reworking [eave the system as ‘salvaged parts’, whercas parts which could not be
reworked leave the system as “scrap’. Stage wise inspections are carried out and parts are
finally checked for any rework required. After reworking, the parts lcave the system as
salvaged and remaining are scrap from the system as shown in figure 5.1 and gencral

layout in figure 5.2 respectively.
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5.2.2 DATA REQUIRED

The input data required is process plan, sequence of operations, costing data, importance
{for value analysis), up and down time of production line, operator schedules ete. Product
process plan and sequence of operations is shown in figure 5.1 and 5.2 respectively.
There are more than 80 different types of parts which require different sequences and
process plans, Model development and analysis has been done on parts/models

recommended by the case company based on typical complexities.

5.2.2.1 ARRIVAL AND SERVICE TIMES DATA
The estimates required for the arrival time is given in table 5.1 and presented in figurc
5.3.

Table 5.1 Arrival data over time

Year Total production
1999 8000
2000 12000
2001 18000
2002 30000
2003 48000
2004 60000
2005 72000
2006 80000

The data is piotted in standard spreadsheet and trend lines drawn showing R-squared
values, This depicts automobile discrete parts manufacturing scctor progress over time,
One logical argument made is why not to use normal distribution as input arrival
distribution. Based on the trend lines, the best trend fit on the data is exponentiai as the
arrival may vary and is not constant over time as shown in figure 5.3. Some other
researchers have also used negative exponential (Carrie 1988). (Kelton ct al 2006)
suggested using Weibull and exponential distribution provide fits of similar quality, both
exponential cquation and values (EXPO |30, 20, 15, 10, and 5]) etc can be used in the

model as input values.
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Figure 5.3 Case company historical data (exponential)

The sample of service/processing time data is also given in table 5.2 (therc are
more than 80 part types with different sequences and processing time, and have been
incorporated in the model). Two types of distributions are generally recommended i.c,
normal and triangular. (Kelton et al 2000) also suggested using triangular and normal
distributions for service /processing time and both provide best fit. Over long run, both
provide similar results, but during the run, normai distribution might periodically retum
fairly large values that do not practically occur in real systems. A normal distribution
with a mean that is close to zero may return an artificiaily large number of zero-valued
samples if the distribution’s being used for something that can’t be ncgative, such as
processing timc are a compelling reason to avoid normal distribution, Theretore,
triangular distribution is used in our case. It has threc cstimates i.e. pessimistic, most
likely and optimistic respectively. Other types of information collected comprised of up
and down time of production lines, operator schedules and product types (number of
models). The values collceted are converted into probability distribution and then used in

the model.
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Table 5.2 Service time (sample)

Process type Type Processing times | Likely Probabiliry
(minutes) Distribution

OPT 1 Processing 10 TRIA (10,11,12)

Transfer to OPT 2 Delay 2 Constant

OPT 2 Processing 10-12 TRIA (10,12,14)

Stage QC Inspect/Delay 3 Constant

OPT 3 Processing 6 TRIA (6,7,8)

Stage QC Inspect/Delay 3 Constant

OPT 4 Processing 2 TRIA (2,2.5,3)

OPT 3 Processing 20 [RIA (20,21,22)

OPT 6 Processing S | TRIA (5,5.5,6)

OPT 7 Processing 5 TRIA (5,5.5,6)

QC Inspect/Delay 5 Constant

OPT & Processing 2 Constant

OPT 9 Processing 2 Constant

OPT 10 Processing 10-15 | TRIA (10,13.15)

5.2.2.2 COSTING DATA

Various costs contribute towards the selling price of a finmished product. These arce
manufacturing, design R&D, overheads (typically marketing, sales, customer service and
administration) costs. The percentage of total cost attributed to manufacturing is about
40%, Design R&ID costs are about 15% and profit about 20 percent. Thesc figures are
different in different organizations depending on the product and the associated market.
However, manufacturing costs are usually the single largest cost element in the sclling
price and can be broken down further into four main clements with typical percentages -
Parts and material about 50%, cnergy, plant and cquipment depreciation almost 15%,
dircet labor nearly 10%, indircet labor about 25% (Mair, 1993). It is essential that
manufacturing costs must be identified and classilicd properly to allow them to be
allocated appropriately to a particular job (Meigs ct al, 1999). The costs involved in
producing a product can be classified as variable, fixed and sometimes senu variable
costs (Usry el at, 1988). Overhead costs typically include rent and rates, heating/lighting -
costs, office staff salaries, general laborers, store men, insurance, equipment costs,
depreciation on cquipment and servicing costs, that is, maintenance cte. The majority of
these costs are fixed costs because they are incurred irrespective of production rates. In

order to determine the total overhead f{or cach department, cost centers are identified
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within the company. This allows costs to be gathered together according to their
imcidence (Lucey, 1996). The unit cost is the average cost of manufacturing a finished
product. This is generally found by taking the total cost of production and dividing it by
the number of units produced. It is also of utmost importance that the sclected materials
(both for job as well as for the cutting tool) have appropriate propertics that allow them to
perform satisfactorily during service (Edwards, et al, 1990).

Both fixed and variable cost data were collected from the case companies. It
include material cost, per month rent of building, machine lease cost, consumables cost.
tooling/instruments cost, electricity and cnergy cost. The costing values arc
approximately samc for all model types and slightly different costing values occur in
different products. These cost data obtained is given in table 5.3,

Table 5.3 Costing data

S. | Type Cost (Es)

No

I Raw Material Rs 35/kg

2 Building cost (rent) Rs 150000/month

3 Machine (lcasc cost) Rs1000000/month for all type of
machines

4 Consumables Rs 500000/month (approx. based on
usage)

5 Tooling/Instrument Rs 350000/month

6 Elcctricity/energy Rs 250000/month

5223 IMPORTANCE VERSUS COST RATINGS

Valuc Analysis (VA) is used as a tool for obtaining cost versus importance relationship of
various departments. Value Analysis is the systematic application of techniques, which is
used to identify the function of a product or service, establish a monctary value for the
function and provide the necessary function reliably at the lowest cost. Valuc can be
increased cither by increasing the importance for the same cost or by decreasing the cost
for the same utility.

Let; I = Importance; ¢ = Cost Thercfore; Value = 1/ C. The information collected 1s on
the basis of importance versus cost out of hundred percent (%). Importance at operation
1,2, .nis I, Io,..., I13 respectively. Similarly related cost at operation [, 2, ..., nis O

Cz,... Cy3 respectively.
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Figure 5.4 Importance versus cost relationship
The weights are given in percentage. There are thirtcen departments/activitics cngaged
for the manufacturing of automobile parts. Department’s importance and corresponding

cost is given in Table 5.4,

Table 5.4 Cost versus Importance over whole Business Process

S. Departments Importance % | Cost %

No

1 Marketing 8 6.5

2 Production Planning & Control 15 9.5
(PPC)

3 Finance 7 6

4 Shop floor control 12 22

5 Quality assurance 15 14

6 Capacity planning 5 4

7 Product devclopment 9 i2

8 Supply chain management 5 6

9 Inventory management 4 7

10 Packaging 2 2

11 IHuman resource management 6 3

12 Maintenance management 8 3

13 Sales and dispatch 4 3

The valucs given are based on qualitative judgmen! of personnel working with the
company for the last ten years. The object is to analyze whole business process using
Value Analysis (VA) and {ind out which activities are under the diagonal bascd on

qualitative judgment of the personncl. Therefore, presented tool helps to identify more

82



costly-less important activities/operations at macro level. Data in table 5.4 has been used
in chapter ¢ value analysis casc.

Innovation, ftlexibility and other desirabie performance characteristics arc
inevitable to gain market shares. These characteristics play a vital role for manufacturers
shifting from offensive stage into innovative zone as given in our characterization in
Table 4.5 (chapter 4). For this purpose, Value Analysis as a tool is used which serves to
cope with more costly-less important activities at macro level.

The data required has been described in the above section. Process plans, sequence of
operation, costing data and value data (importance versus cost) have been obtained and
are used in the model. Next section reviews different solution mcthodologies used to

develop model for analyzing behavior ol system,

5.3 REVIEW OF SOLUTION METHODOLOGIES
Approaches like analytical methods, queuing theory, optimization lechniques, expert
systems and simulation are used for modeling work., This section revicw thesc

approaches and sclecting the best which is suited for modeling and analysis.

5.3.1 ANALYTICAL METHODS:

A systera can be modeled by experimenting with the actual or model of the system as
shown in figure 5.5, If the relationships that compose the model are simple enough, it
may be possible to use mathematical methods (such as algebra, calculus, or probability
theory) to obtain exact information on question of interest; this is called an analytic
solution. These models demand too many assumptions and it is difficult 1o medel
complex real world problems. It employs the deductive reasoning of mathematics to
solve the model, as differential calculus is used to determine the minimum cost policy for
some inventory models (Banks et al 2002). Many a times, it is necessary to have the
feeling of the basic system performance measurcs. The analytical methods are preferred
in such situations. These situations occur in our day-to-day problems. For instance. in line
balancing problem many hcuristics can be applicd for single product model and it is
proved to be effective in these cases. However, for the many mwodels launching, the

analytical problems can even become more complex in which size if equations beconic
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large and consume computation time so modeling such systems arce very difficult to solve

analytically.

System
\
»
Experiment xpenment
with the with a model of
actual system the*.ystem
af -l
Physical Mathematical
model model
— ¥

solution

Analytical-] Simu lation

Figure 5.5 ways to study a system (adopted from Law & Kelton 2001)

5.3.2 OPTIMIZATION TECHNIQUES:
Optimization is a key tool used by operations researchers and management scientists, and
there are well-developed algorithms for many classes of problems, and the most amous
be the lincar programming. Much of the work on optimization deals with problems in
which all aspects of the system are treated as being known with certainty; most critically,
the performance of any design (cost, pro{lt, make-span, etc) can be evaluated exactly.

The most common definition of optimization is to Maximize or Minimize E (Y(x
X2 5.y X)), Where Y is a random variable and we cannot optimize the actual value
of Y. A more complex optimization problemy occurs when we want 1o select the sysiem
design that is most likely to be the best. Such an objective is relevant when one-short,
rather than long-run average performance matters, Examples include a space shuttle
launch or delivery of a unique order of products. (Bechhofer et al 1995) address this
problem under the topic of *multinomial selection’. The main problem with optimization
is that of computer time. It takes a lot of time {or running an optimization on a complex

model. This 18 rclated to number of variables, the type of variables (discrele or
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continuous), the number of constraints on the selution space, the type of constraints
(simple bound lincar or nonlinear), and the type of objective function (linear, quadratic.
or nonlinear). Using fractional factorial experiments to reduce the number of
combinations can decrease the time. As far as, simulation is concerned, optimization is an

area that will continue to receive attention (Banks et al 2002).

5.3.3 EXPERT SYSTEM:

An expert system is a computing system capable of representing and reasoning about
some knowledge-rich domain with a view to solving problems and giving advice
{(Jackson 1983). Most expert systems are PC based and are built with commercial shells,
The three main components of expert systems are:

1. Knowledge Base (to store knowledge).

2. An inference Lngine (which controls reasoning with the knowledge).

5. And an interface.

The following phases are important for developing an expert system:

1. Knowledge acquisition: it is the transfer and transformation of potential problem
solving expertise from some knowledge source to a program (Buchanan 1983).

2. Knowlcdge representation is the encoding of knowledge in data structures for
symbolic (non-numeric) data, such as rule scts, generalized graphs and predicate
logic.

3. Knowledge application deals with how and when to use the knowledge using
meta- knowledge or knowledge about knowledge.

These systems have been used for many purposes in manufacturing. ‘Knowlcdge based
manufacturing management’ oy (Kerr 1991) gives a good cross section of such systems
in manufacturing, (Smith P, et al 1994) reviewed the usc of expert systems within
manufacturing m Britain and entire Europcan companics. Expert systems work best for
situations in which extensive experience of personnel is available as these systems
require plenty of information. In planning and operations of new system where

knowledge of personnel is rare, expert systems are not reconmended lor such situations.
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5.3.4 QUEUING THEORY:

The simple form of queuing theory is the M/M/1 qucue. The first *M’ stands that the
arrival process is Markovian i.c. inter-arrival times are independent and identical
distributed drawn from exponential probability distribution. The second ‘M’ stands for
service time distribution. The ‘1” indicates that there is just a single scrver. Most of
performance measures can be expressed as simple formulas. For instance, the average

waiting time in queue is:

JleS/JL[/l T Hy

Wherc pa is the expected value of the inter-arrival time distribution and ps is the
expected value of the service-time distribution. There are some problems with these
cxpression while estimates pa and us:

I. The estimates of *ps’ and ‘ug’” are not exact, so there will be error in the results as
well,

2. The assumptions of the exponential inter-arrival and service time distributions are
essential for deriving the formula. This calls into questions of validity of the
formula.

3. The formula is suited for long run performance, not for some short runs, which is
typical for most of gueuing theory.

4. The formula docs not provide any information on the natural variability
(dynamism} in the system.

Therefore, quening theory is used as ‘first cut approximation’ to get idea of basic system
understanding and simulation provides concrete brute foree way of dealing directly with

the model and analyzing systems.

5.3.5 SIMULATION MODELING:

‘The technique of imitating the behavior of system by means of an analogous situation,
model or apparatus, either to gain information more conveniently or 1o train personnel’, is
the definition of simulation from the Oxford English Dictionary. To simulate according
to Webster’s Collegiate Dictionary, 1s “to {eign to obtain the essence of, without the
reality”. Simulation refers to a broad collection of methods and applications to mimic the

behavior of real systems. usually on a computer with appropriate software (Kelton 1998).
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A simulation 1s the imitation of the operations of a rcal world process or system over time
{Banks 2002). Simulation involves the modeling of a process or system in such a way
that the model mimics the response of the actual system to cvents that take place over
time (Schriber 1987). the more practical definition of simulation as (in our case loo), ‘the
process of designing a model of a real system and conducting experiments with (his
model for the purpose of understanding the behavior of the system and/or evaluating
various strategies for the operation of the system’ (Pegden 1995). The authors of the
above quoted references consider simulation to include both the conslruction and the
experimental use of the model for studving a problem. Thus. we can think of simulation
modeling as an experimental and applied methodology that secks to accomplish the
following: describe the behavior of systems, construct theories or hypotheses that account
the observed behavior and use the model to predict future behavior, i.c., the effects
produced by changes in the system or in its method of operation.

Therc are also several surveys related to the use of operations-research
techniques. Some of them reported from a longitudinal study, spanning 1973 through
1988, that ‘simulation was consistently ranked as one of the three most important
operations-research techniques’. The other two were ‘math-programming’ and statistics
{not an OR technique) (Gupta 1997). In this paper, Gupta analyzed 1294 papers from the
journal Interfaces (one of the leading journals dealing with applications of operations
research) from 1970 through 1992, and found that simulation was second only to "muth
programming’ among 13 techniques considered. The above research surveyed importance
of simulation which mecans that application ol simulation is vast, Many scientilic events
are organized cach year to lecarn about latest tools/techniques related to simulation. One
important cvent organized cach year is Winter Simulation Conference (WSC). Six
technical societies and National Institute of Standards and Technology (NIST) sponsor
the conference. The technical societics are: American Statistical Association (ASAD.
Association for Computing Machinery/  Special Interest  Group on Simulation
(ACM/SIGSIM), Institute of Electrical and Electronics Lngineers: Computer Socicty
(IEEE/CS), Institute of [Diectrical and Electronies Engincers: Systems, Man  and
Cybernetics Soclety (IEEE/SMCS), Institute of Industrial lingineers (IIE), Institute of

Operations Research and the Management Scicnces: College on  Simulation
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(INFORMS/CS), and The Society for Computer Simulation (SCS). The information about
the upcoming WSC conference and proceedings of papers can be obtained from

www.wintersim.org, Some  of application areas with major subject matters are:

manufacturing applications (analysis, design, comparison, evaluation, optimization,
investigation and modeling etc), semiconductor manufacturing (comparison, corrupting
influence, assessment, capacity planning and logic risk  system), construction
Engincering, military applications, Logistics, Transportation, and Distributed
applications, Business process simulation and human systcm.

There are however several impediments to even wider acceptance and usefulness
of simulation. First, model used to study large systems, tend to be very complex, and
writing computer programs to cxecute them can be an arduous task indeed. This task has
been made much easier in recent years by the development of excellent sofiware products
that automatically provide many of the features needed to ‘program’ a simulation model.
A second problem with simulation of the complex systems is that a large amount of
computer titme is sometimes required. However, this difficulty is becoming much less
severe as computers become faster and cheaper.

As discussed earlier that simple systems arc to be solved using differentiai
calculus, probability theory, algebraic methods or other mathematical techniques. The
solution consists of one or more numerical paramcters, which are measures of
performance of the system. However many rcal sysiems arc very complex that they
cannot be solved mathematically and takes large amount of time in decision making
process. In these instances, numerical computer based simulation can be used to imitate
the behavior of the system. The data is collected from the real world, and simulated
generated data would be used to estimate the measure of performance of the system {that

is probably the case of rescarch work).

54 METHODOLOGY ADOPTED
The methodology adopted in this parl is ‘simulation’ as it can model the way we
organized operations (arrivals, scrvice, and quality). As the movements and changes of

things in the simulation model occur at the right time in the right order and have cffects
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on cach other and the statistical accumulator variables. In this way, simulation provides a
completely concrete way of dealing directly with the model.

There are guides to simulation software published every year by 1L (Tnstitute of
[ndustrial Engincers) ‘Simulation Software Guide’. Every two years, OR/MS Today
publishes a simulation software survey (Swain 1999). There are many [eatures that are
relevant when sclecting stmulation software (Banks 1996). Some of the key features are:
Moedel building features {modcling world view, graphical model building, input
flexibility, randommness, built in custom objects, interface with other languages cte), Run
time feature (execution speed, model size, status and statistics etc),animation and lavout
feature (Type of animation, dimension, movement, navigation, views, quality of motion
etc), LExperimentation and analysis features (Scenario manager, rtun manager,
optimizationr, costing module, file export ecte), Vendor support and product
documentation (training, documentation, help system, tutorials, support, track record cte).
Simulation Languages, Software and Packages for modeling are:

1. Simulation using C++, GPSS/AI and CSIM (general purpose simulation
languages).

2. Simulation packages/ software (Arena, Extend, Micro Saint, ProModel, Taylor
ED, WITNESS).

3. Statistical and Experimentation Tools (Arena’s output and process analyzer for
Arcna, AutoStat for AutoMod, SimRunner for ProModel and OptQuest for
optimization l.e. it can support Arena, CSIM, MicroSaint, QUEST, and Taylor
ED).

Arena® from Rockwell software has been selected for the modeling work which has
capabilities to move between high to low level. This Is performed using alternative and
interchangeable templates of graphical simulation modcling and analysis modules. These
templates arc combined to build a fairly wide varicty of simulation modules. Thesec
modules arc grouped into panels to compose a template. By switching panels from the
template attach/detach, one can gain access to a whole different sct of simulation
modeling constructs and capabilitics. In our case, modules from different pancls
{(basic/advanced/block/etc) are integrated to develop onc model and modules run to

compule performance measures as required.
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55 CHOICE OF SIMULATION IN DEVELOPMENT OF STRATEGY
(MODULAR APPROACH)

Every simulation starts with a problem statement. The objective is to propose strategics
for discrete parts manufacturers. Therefore, three manufacturing strategies with objective,
operationalization and continuum have already proposed in previous chapters. For
strategy operationalization, traditional approaches arc used under three stratcgies of
‘protector’, ‘offensive’ and ‘innovative’ using simulation. It consists of not a single
model, but a number of models which work for each type of strategies. These models arc
verified and validated by sensitive analysis and t-test is also carried out in this regard for
validation of model. Experimentation is performed and sensitivity analyses are carried by
varying the input controllable design parameters and sec its impact on out performance
measures (complete set of experimentations is given in chapter 6). The results are
prioritized and final decision is recorded. The choice of simulation development strategy
is cxplained with the help of following figure 5.6.

As explained earlier that the development of strategy within the simulation systems
consists of different modules i.e. data, balanced operation, flexibility, value added and
response modules respectively. Arena ® provides the modeling flexibility and can model
any type of system (discrete or continuous). Because of such flexibilities, we have used
Arcna for our work to compute the performance measures, Last year WSC, the
percentage of papers who used Arena was 54% (WSC history 2000).

Data Modules: This moduic consists of process plan, sequence ol opcrations for
different model type, costing data and value derivations. Processing times and arrival
times are modeled in input analyzer to get the best (it (although some rescarchers
proposed using of exponcential for arrival and triangular for operation process times) (Law
2000).

Balanced Operation Modules: Two types ol modules are developed by writing roulines
in which operation time of the production line is balanced. These modules are Balanced
Operation Time Module (BOTM) and Waste Time Minimization Module (W TMM).
Flexibility Modules: Five different modules developed in this regard are machine
replacement, quality enhancement, machine {lexibility, operator {lexibility and rework

control.
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Value Added Modules: Two moduies developed are value adding and activity based

costing.
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Figure 5.6 Developments of Modules (Jahanzaib & Akhtar, 2007)
Response Modules: It include sensitivity, response recorded and prioritized performance
measurement modules (in output analyzer).
So, simulation as a tool assists in opcrational as well as tactical level decision making
process. Display 1 shows main model, display 2 about data module and logic/modeling,
display 3 about output analysis and display 4 about results respectively. Thesc are shown

from display 1 to 4.
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5.6 SPECIFIC OBJECTIVES OF SIMULATION MODELS

The simulation experimentation is carried out for evaluating performance of system. The
objective of the study is to propose generic solution for three types of strategies proposed
(as in chapter 3). Gencerally, for any system. important performance measures (but are not
limited t0) arc resource utilization, number in queue, time in qucue and cycle time. In our
case following are the objectives at ‘Protector’, ‘Offensive’ and ‘Innovative’
manufacturers. These measures have been discussed with case companies and are used m

our model;

For Protector:
1. Improving utilization of resources: This would be achieved by purging waste time
from the system so as to obtain balanced preduction line.
2. Reduce Work In Process (WIP): Balancing of production line and streamlining of
operations would reduce WIP.
3. Cost per Unit: Keeping WIP and other non value added times at a minimum,

significantly reduces the cost per unit.

For Offensive:
In offensive stage, advanced manulacturing systems/or hybrid (manual + automated)
systems would be used as automation does not allow poorly designed products and
inefficient processes to exist it is therefore, imperative (or the industry to improve its
productivity and competitiveness, Once way of achicving this competitiveness 1s through
automation. An analysis is also performed to sce level of automated technologics and its
impact in Pakistani context, The objectives at this stage would be:
1. Reduce average waiting time: Change-over/sctup time would be reduced using
advanced manufacturing systems.
2. Reduce rejectionsrewarking cost: Due to inherent charaeteristics of the advanced
systems, high quality and reliability would be achicved.
3. Improve Flexibility: Both operator and operational flexibility would be improved.

4. Improve Yield: The yield would also be improved.
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For Innovative:

1. Improve value of product: Using activity based costing identifies high costly

processes/operations. Importance versus cost derivations would be used which

identified high costly-less important operations.

2. Cumulative yield: Cumulative yield would also be increased.

5.7 MANUFACTURING SIMULATION MODEL

In order to explain the model structure and simulation process logic, the important
parameters of interest at input and out arc defined. These terms have been used o
compute different performance measures in study. The terminologies used in model are

given in table 5.6.

5.7.1 TERMINOLOGIES USED

The terminologies (input/output factors) used in the model are presented in table 5.5 and

are explained in the model structure section.

Table 5.5 Input parameters and output variables

INPUT PARAMETERS
Parameters Meanings/definition o
Hgate Hourly Labor /wage rate R
Mpate Hourly Machining / processing rate -
Priax Maximum processing / machining time
MHyive Maximum material handling times (workstations)
Yin Minimum or starting yield i
Y inp Improvement in yield = = |
SUrme Maximum setup time
RWoime Reworking time
FRyne Fast reworking time
My Machine replacement flexibility ]
PV Parts mix (variety) tlexibility - -
Viix Volunie flexibility
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OUTPUT VARIABLES

UTsys System Ultilization
Cpart Cost per part / unit
TMeost Total manulacturing cost o N

WIP Work In Process

WTavg Average waiting ime

YBRW Yicld before reworking

Crel Rejection cost

Criwonrk Rcworkmg cost

Cvap Value added cost |
Crvab Non-value added cost :
Yeum Cumulative yield

FT Flow times

5.7.2 MODEL STRUCTURE

The movements of the parts through various machines are modeled as an entity (parts)
flows through the simulation model. The arriving parts enter the system, stay in the queuc
till the resource is available, and get delayed by the processing time of the respective
stage. It is further delayed by the fast reworking time (if required) and is checked for any
rework. If the fast reworking is not required on the respective stage, it goes to the next
station as dictated by the product model type. After completing all operations on
resources, 1f no rework is required then the parts exit the systems as ‘good parts’. On the
other hand, if during final inspection it transpires that reworking is required, the part is
sent to the rework stage, where it is reworked and all operations arc performed at the final
reworking stage and recorded as ‘salvaged parts’. If it is found that parts cannot be
repaired even after it has been reworked, it is rejected and leave the system as ‘scrap
parts’. Lvery clfort is first made to rework the parts failing to meet the desired quality
fevel. Fast reworking phenomenon does not occur at all stages but differ according to the
product model type and respective resource stage. The inter-arrival time 1s usually

constant in simulation studies, but in our case it varies exponentially and incorporated in
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the modecl on the basis of discussion with the case company and actual data observed. The
stage operation time is triangularly distributed with the minimum, mean and maximum
values. The parameters of interest in simulation study are the maximum processing, time
(Pumax), the stage operation times and part mix (PVyq:x). At some stages, there is fast
rework which does not require the part to be routed to the reworking stage but still results
in some additional time delays. This kind of rework is carried out by samc stage operator
who performed the original operations. There are buffer storages where parts are
temporarily held and then transferred to the next respective station. Setup times at certain
stations is also witnessed which slowed down the pace of production line under
investigation, So, the parameters of interest are fast reworking times (FRypo). sctup
times (SUqpge) and transfer times / material handling time (M)

Separate reworking stage is dedicated to rework parts and any remaining subsequent
operations as they dictate not only the amount of rework but also the unit costs that are
basced on cumulative yicld figures. The parameters of interest include starting quantity of
good parts (Yun), the vield improvement (YY) after process gets stabilized. All parts
identificd for reworking are transferred to the reworking arca where they undergo an
additional time delay equal to reworking time (RWopa). All parts are again inspected
and good ones leave the system as ‘good/salvaged” and remaining is rejected. Rejection
and reworking costs arc directly computed by multiplying the per unit rejection and per
unit reworking costs with the corresponding quantity rejected or reworked. Effect of
hourly wage rate and machining rate is also investigated. A balance production line is
found to be essential pre-requisite of the system. This is achicved by properly distributing
work contents cqually to all stations, the parameter of interest is (Pyay) In stream-lining of
operations so as to achieve minimum queue length, while trying to achicve maximum

desirable resource utilization as shown in figure 5.7 (schematic model logic).
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Figure 5.7 Schematic Diagram - Simulation model logic

573 KEY ACCUMULATORS IN ENTITY FLOW
Every simulation study has arrival, departure and some stopping condition. The generic
process of simulation demands key relationships for governing of entity flow which have
been used in different modules and are embedded in the software. Typical statistical
accumulators for study are (not limited to):

1. Total number of parts produced (P}

2. Number of entities that have passed through the qucuc so far (N)

3. Sum of qucue times that have observed so far (£ WQ)
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4. Maximum time in queue obscrved so far (WQ")

5. The sum of total times in system that have been observed so far (X TS)

6. The maximum total time in system observed so far TS’

7. The queue length Q(1)

8. Highest level Q(t) has attained so far

9. Server busy B(t) i.e. utilization
As explained carlier that for “protector strategy manufacturers’ are cost conscious as they
places more cmphasis on utilization of capacitics in order to reduce cost {cost per unit as
well as system cost). The same logic 1s used in simulation model. I'actors like hourly
labor rate, machining rate, maximum processing times and f{atlurc rates are used in
protector strategy stage. Other factors like material handling tumes, yield minimum /
improvement, sctup times, reworking times, machine replacement {lexibility, labor
flextibility, parts not requiring reworking, parts mix flexibility, importance rating and fast

reworking times arc used in offensive and innovative stratepy stages respectively,

5.7.4 ASSUMPTIONS OF THE MODEL
1. Iivery lot has a fixed number of parts
2. Learning of operator is only affecting the respective stages.
3. Unscheduled breakdowns occur with an exponential distribution which is ignored
as we have already included Failure times i our model,
4. Parts arrive to the resources from incoming store with an exponential distribution

1s independent of cach other arrival, as we are not studying J1T system,

A

Infinite buffer space is available within cells.

5.7.5 VALIDATION OF THE MODEL

Verification 1s the process of ensuring that the model behaves in the way it was intended
according to the modeling assumptions made. Validation is the process of ensuring that
model behaves the same as the rcal system., A simulation model provides excellent
opportunity tor obtaining an analysis ol the casual behavior of the underlying process.
However, two types of wvalidations are always required. Correctness of the iaternal

structure, as well as nature of the output results, dictate the degree of user confidence in
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validity of the model. They are a) simplification of assumptions, b) both transient and

numerical valued behavior ¢) bias in the random samples and d) accuracy of the data

{(Law M & Kelton, 2000). The assumptions are simple and do not affect the outcome of

the model because they have been made using real world system. Simulation runs is

carried out inciuding warm-up period so that system gets stable to minimize randomness

in resuits and is run for many number of replications. ‘t test” is also carried out so as te

obtain the sensitivity of performance measures under study. The prioritization is validated

through discussions and sharing of the results with case company management.

5.8 CONCLUSIONS

The following conciusions are made drawn from this chapter;

1.

i

il

iv.

vi.

vil.

The progress of the company showed an exponential trend Y= 4L-298¢" il

This 1s an important finding as the case company started from low volumes and
variety environment and matured over time with an increasing trend as shown n
figure 5.3,

The service times (processing times) of servers arc (riangular distributed with
min, max and mean values. This i1s because the {allure rate and variations n
processing in different shifts is incorporated in order to get mare realistic results.
The selution methodologies are reviewed lor modeling work. It is {ound that
analytical methods are not used as it requires lot of assumptions. Optimization
theory is either maximized or minimized.

Expert systems overcome the {imitations, but it requires a lot of information from
expert. Therefore, the expert systems are knowledge intensive.

Simulation modeling 15 used for modeling real world problem in question, The
model so developed to imitate real life scenario to obtain results.

Modules are also developed which work for cach type of strategy. The modules
devcloped are data, balanced operation, flexibility and response.

The performance measures important are discussed with companics and used in
the model. The key performance measures are: ulilization, work in process, per

unit cost, yield related, cumulative yield cle.



viii.  The model is validated using both transient and numerical valued functions,
simplification in the assumptions and accuracy of the data by modeling it in mput

analyzcr and then used for modeling work.

This chapter presented a detailed discussion of data requirement to develop simulation
model and different modules within the model. The process flow and general layout of
the system is presented and model explained with the help of logic diagram. Different
solution methodologics like analytical methods, optimization theory, experl system and
simulation arc also reviewed. Manufacturing simulation mcthodology as a tool has been
adopted for modeling of real system under investigation because of advantages and both
timc dependent and numerical valued analysis can be obtained. Building model in
simulation provide flexibility to take right decisions. Operational data like processmyg
times, current quaility practices, frequency ol up and down time of production line,
operator schedules, process plans and model mix ete is modceled in Arena®, Modules are
developed which work for cach proposcd strategpics. Model is verified, validated and 1-
test carried out in this regard. The replications and comparison of results with case
company existing management also validate and verity modcl and results. The behavior

ol the model is analyzed in chapler 6.
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CHAPTER 6

MODEL BEHAVIOR ANALYSIS
(TACTICAL LEVEL)
6.1 INTRODUCTION

One of the goals of the simulation is to find out how changes in the input parameters
affect the output measures of performance in manufacturing systems. This chapter is
about model behavior analysis in which real world model is developed so that it behaves
like actual system. The model 1s analvzed using sensitivity analysis by changing the base
values systematically. This helps to identify the most scnsitive parameters so as to
capture dynamic behavior of model. Two dilterent behaviors have been analyzed i.c. time
dependent and numerical values in question. The simulation was run for time of 525
hours so that longer time stabilized the behavior of modcl can be replicated. By changing
the base values, slopes of functions are computed and scares are allotted. The values arc
then prioritized for three types of manufacturers i.c. protector, offensive and innovative in
decreasing order of sensitivity. It has been learnt that balanced line and quality related
paramecters are the most sensifive. The following scctions describe  simulation

experiments, summary of results and draw conclusions.

6.2 DESIGN OF SIMULATION EXPERIMENTS
Destgning of simulation experiments essentially involves selection of performance
measurcs, factors that would have to he varied and the levels of cach ol these factors that
we want to investigate (Law et al 2001). Based on the model structure and logical usc of
parameters as cxplained in chapter 5 and discussion with the case companies about
importance of responses for each manufacturer, the performance measures sclected are:
1. Protector related
a) Utilization of resources (UTsys)
b} Cost per part (Cpary)
¢) Total cost of the part (TMcost)
d) Average waiting time (W Taveg)
2. Offensive related
a) Work In Process (WIP)
b) Yield before rework (YBRW)
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¢) Cumulative rejection costs (Crp))
d) Cumulative reworking costs (Crrworg)
3. Innovative related

a) Value added cost (Cyap)

b) Non- value added cost (Cuvan)

¢) Cumulative yield (Yeum)

d) Flow time (F'T)
Typical existing values of the parameters of particular intercst are now discussed in order
to have a clear understanding about their impact. The current labor/wage rate is Rs 30 per
hour. We have varied it from 30 to 180 rupee (1 US$ = Rs. 60.5). Maximum processing
time is 0.34 hours which is varied up to 25 percent of this value. The arrival rate is also
varied up to 25 percent as volume flexibility factors affecting the system are also studied.
Maximum yield and rejection rate is also varied up to 25 percent of the basc values.

For the purpose of carrying out sensitivity analysis, we first used data module
which consists of process plan, sequence of operations for different model type, number
of models launched, costing data and value derivations. The data is used in Balanced
Operation Time Module (BOTM) and Waste Tune Minimization Module (WTMM]) in
which relevant responses at the output arc recorded. Different modules developed for
offensive stage are machine replacement, quality enhancement, machine tlexibility and
rework control. IFor innovative stage, two modules developed are value addition using
value added and non value added costing and importance ratings.

The range of values used in the modules [or carrying out sensitivity analysis 1s given
below.
1) Lffect of balanced line (maximum processing time) (Puyiax)

At basc valuc
(.75 times base run value
(.5 times basc run value
0.25 times basc run value
2) [Cffect of hourly wage/ labor rate (Ip o) 1In rupec

At base value

2.0 times bhase run value
4.0 times base run value
6.0 times basc run vatue
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3) Effect of hourly machine rate (Mpaye) in rupee

At base value

1.5 times base run value
3.0 times base run value
4.5 times base run value

4} Lftect of materiai handling time (MHyyn:)

At base run value

0.5 base times run value
0.25 times base run value
0.1 times base run value

5} Effect of minimum or starting value of quantity to be reworked (Yyin)

75 percent
85 percent
95 percent
99 pereent

6) Effect of change in quantity to be reworked (Y mp)

1 percent

10 pereent
[5 percent
19 pereent

7) Lffcet of maximum sctup time (SUppar)

At base valuce

0.6 times basc run value

0.3 times base run value
8) [iffcct of reworking time (RW )

Sctl, at yicld min = base valucs (0.5 and 0.75)

Set2, at yield min = 0.85 (0.5 times base run valuces)
9y Effect of fast reworking time (FRyyw:)

03 times base run valuc
At zero, with 25% good produced parts
At zero, with 95% good produced parts

10} Effect of machine flexibility at stage | and 2 (Mp 1:x)

At base value
0.5 times base value with 85% yield
0.5 times base value with 95% yield
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0.5 times basc valuc with 99% yicld

11} Effect of volumes (volume flexibility) on changing levels of arrivals (Vi1 :x)

At basc value
0.5 times basc run value
0.4 times base run value
0.25 times base run value
12) Eftcet of changing varicty flexibility (number of models) (PVy:x)
With (1, 3 and 5 models)

6.3 SENSITIVITY ANALYSIS

Sensitivity analysis is carried out by varying the values of the model’s parameter and
seeing how these changes affect the behavior of the model. Thus the purpose 1s to
ascertain those paramecters that arc scnsitive and significantly affect the system. Sensitive
parameter aiso helps in our understanding of the system and is useful for deriving
strategy implications, On the other hand, less or least sensitive parameter will not aftect
the behavior of the model and hence does not play much role on policy/strategy setting.
Two kinds of analysis have been done. The time dependent effect and change in average
(or maximum) numerical values of the paramcter in question. The effect is observed with
respect to the slope of the function e.g. a large slope significs “considerable effect” hence
termed ‘most sensitive’, comparatively fewer slopes significs ‘moderate cffect” hence
termed ‘moderately sensitive’, while very little slope represents a ‘nominal” or very small
effect. For the sake of more realistic results, five sensitive levels are used which are;
‘most sensitive’, ‘sensitive’, moderately scnsitive’, ‘less sensitive” and ‘least sensitive’
respectively. Simulation experiments as explained above are carried out for a simulated
time period of 525 hours becausce the longest time constant used in the model enables the

system to stabilize within this time. The following experiments were performed:

107



0.3.1 SIMULATION EXPERIMENTATION

Experiment 1) Effect of balanced line (max. processing time, Pyyax)

Figure 6.1 shows the time dependent effect of changing maximum processing time for
achieving balanced line. The effect 1s significant in both cost per part, total cost of part,
walting time, non- value added cost, flow times and work in process as shown from
figures 6.2 o 6.6, while effect 1s moderate and less sensitive on yield before rework,
rejection cost and has little effect on cumulative yield respectively. There is not much
deviation in time dependent cffect of graph on cost per part as shown in {igurc 6.4 as
deviations in the graph would be witnessed at comparatively much larger volumes.
Balancing of the line i.e. streamlining of the operations is pre-requisite as it is affeeting

the performance measures and significantly eftecting system.
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In order to have clear understanding of the behavior of simulation model results,

numerical values effects (obtained during simulation runs) are also plotted in standard

spreadsheet 1o obtain the slopes of the function. These values are drawn in MS cxcel and

presented from figures 6.10 to 6.17 respectively.
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It 15 therefore evident from the time dependent behavior and numerical valued responses
(graphs} that balancing of production line is prerequisite in traditional as well as

advanced systems.

EExperiment 2) Effect of hourly wage rate (Iabor rate, Hyap)

The hourly labor rate is also found a sensitive parameter in our study which significantly
affects the behavior of system. When companies shift from low te high volume in our
PPMx matrix, labor rate affect the system. Because of automation semi-skilled labor
would be needed at this stage. To delight customers and add value of product, improved
quality and design innovation (variety) {ulfill the requirements. In order to accommodate
new design innovation, highly skilled labor would be nceded which increases labor rate
and its effect is shown from figures 6.18 to 0.21. Interestingly, hourly wage rate has no
significant effect on work in process, yield before reworking, average wailing time,
cumulative yield and flow time respectively.
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The numerical valued effects of most sensitive parameters for the wage rate case have

been presented from figures from 6.22 10 6.25 respectively which are plotted in standard

spreadsheet. The graphs show that wage rate is most sensitive on cost per unit, total cost,

value added and rejection cost respectively.
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Experiment 3) Effcet of machine rate (Muag)
When the company shift from manual production to semi or automatic machine (Just like
automation migration strategy), the machine rate affect the behavior of the system.

The focus is to find out the impact on costs when manufacturing organizations

replace manual work with automation. Automation does not allow poorly designed
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products and inefficient processes to exist (Russell and Taylor, 1998). There is a lot of
pressure to increase product quality and reliability. It is imperative for the industry to
improve its productivity and competitiveness. The effects of machine rate on ditferent
performance measures is plotted and shown from figures 6.26 to 6.35 respectively. The
effect is significantly seen on cost related parameters. This is so when companies shift
their business from manual to more automation system, cost per part and total cost is
increased. Using advanced manufacturing system improve product quality, rchability as
demanded by the customer as tough competition forces manutacturers to use automation

for production.
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The numcrical valued effeets of machine rate on different performance measures are

observed and plotted as shown from 6.31 to 0.35 respectively.
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Experiment 4) Effect of material handling time (MHvg)

Material handling is an important parameter cffecting on system utilization, flow times
and non-value added cost respectively. Material handling can be mianual, semi-automated
and fully automated depending on nature of job required. The level of automation varics
depending on type of production system. In present scenario, casc companies are not
paying any attention on material handling, but this is onc of the key factors to achieve
competitive edge.

As shown in figure 6.306, the effect of material handling time 1s not sensitive on cost per
part. Its effect is quite significant on utilization and flow time whereas it is modcrately
sensitive on non-value added cost. This means that material handling time reduce lead

time and improve customer satisfaction at much higher volumes and varieties,
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Figure 6.38 Effect of Material handling time on non-valuc added cost

The numerical valued effects of material handling cost on performance measures like
flow times, non-value added cost and utilization of system arc obscrved and plotted as

shown from figures 6.39 to 6.41 respectively.
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Experiment 5) Effect of starting or minimum quantity to be reworked (Yinn)
The effect of Yyqn on various costs and vields arc shown {rom figures 6.42 to 6.57. It is

found the most sensitive paramcter that has considerable effect on all variables/responses.



T4 fry
MM s P v .
3 o it £

;'I T T T T T L T | ¥ | T ST B FR [T i R L | —'_lf'r'"r—]*-qi
g [Lal i m &7 TnoRE
e

FFigure 6.42 Effect of min quantily to be reworked on cost per part
Cogl
e By

UEENEAERENERENY

T 7 LI | T T T T L T T T T T T T T T T T T | T
0 1n an b 1] Lo SN %o

A'f‘du,.-r

n ||,'H_|,./:_\

,—-

T T T T v T
i am m L] 2L

Figure 6.44 Effect of min quantity to be reworked on rejection cost



{ —
1 s
ufi__ﬂr-”
s ”ff”- M
_,.,-f-'-"'"/ o b
R ,./-'-"’_/:
__I_J-F' -

ii# '_,..--"

{ o
"n]j ___,.-"rf

.:-"""P“- V
T T 7 1—[ L T 1 [ L T 1 1 T ¥ X =) -| 1 T T T I T
a (i pu) iy i) L2
Tre

Figure 6.45 Effect of min quantity to be reworked on non-value added cost

o

: =5 *—j’_:;:-""j
- o

= _ // .

. i ! wa : o - T T e Py
Iigure 6.46 Liflect of changing quality level on cumulative vield

Cod
oy
SES

L
143
14

1

-
1k B

) » S

xa ) ww %0 i 5
e

Figure 6.47 Lffect of min quantity to be reworked on reworking cost

124



]
i
'
S
Wi
3
0 e
.—--""-.-
1005 o
— I
! | T T  ET L W T T T T | L N R Bt |
0 1 mn Ao 0 0 59
Tma

Figure 6.48 Lffect of min quantity to be reworked on WIP
The numerical valued effects of “Yagn® on performance measures as recorded during
simulation experiments arc obscrved and plotted which are shown from 6.49 to 6.57

respectively.
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Figure 6.49 Effect of min quantity to be reworked on non-value added cost
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Experiment 6) Effect of ehange in quantity to be reworked (Ye)

The eflect of Yyyp on various costs and yields are shown from figures 6,58 to 6.70. When

advanced manufacturing system is intreduced, it not only increase guality of parts but

also enhances product variety as these systems can accommodate any type of flexibility

required in processcs. It can be seen that this is also most sensitive parameter that has

considerable effects on all of the factors above,
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Figure 6.58 Lftect of vield improvement on cost per part
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Figure 6.61 Lffect of yield improvement on non-value added cost
The numerical valued effects of yield improvement on different performance indicators

recorded during simulation experiments arc observed and plotted which are shown from

figurcs 6.62 to 6.70 respectively.

129



Cost {Rs)

Cost (Rs)

YBRW

2.04
2.02

1.98
1.86
1.94 -

1.82

R?=08767 |

Iigure 6.62 Effect of yield improvement on cost per part

112
170
108 -
106
104
102
100
48

10

YiMP

20

R?= 09903

10

YIMP

15

Figure 6.63 Effect of yield improvement on total cost

2420 +

2415
2410
2405
2400
2395
2360
2385
2380

20

10
YIMP

15

Iigure 6.64 LEffect of yield improvement on YBR'W

1

J

0

20



16.2
16
15.8
16.6
15.4
152
15
14.8 -
14.6
144

Cost (Rs) Miliions

14.2

R?=009751

5 10 15 20
YIMP

Figure 6.65 Effect of yield improvement on rejection cost

53.5

53.45

53.35
53.3
53.25
53.2
53,15
531
53.05
53
52.95

Cost (Rs) Miltions

53.4 -

| R*=0.9861

0 5 10 15 20
YIMP

Iigure 6.60 Effect of yield improvement on reworking cost

4.8 .

475

4.7

465

Cost {RS} Millions

4.6

4.55 .

4.5

I'igure 0.

5 10 15 20

YIMP
67 Lffect of yield improvement on value added cost

131



380 e N T T
385
380
375

wiP

370 4
365
380
355

0 5 10 15 20
YIMP
Figure 6.68 Effect of yield improvement on WIP

14

1.2 R?=(.9629 = |

1 / |
08 - |
06

.4
0.2

Cost (Rs) Millions

0 -

0 5 10 15 20
YiMP
Figure 6.69 Lffect of yicld improvement on non-value added cost

1600 .
1580
1580
1670

CumyY

1560
1550
1540

1530

YIMP
[igure 6.70 Effeet of yield improvement on cumulative yield

132



Experiment 7) Effect of maximum sctup time (SUq )

The effect of setup time on various costs, yiclds and others factors is shown from figures
6.71 10 6.80. It can be scen that setup time has considerable effect on non-value added
cost. Its effcct is moderate on cost per parl, {low time and work in process. The
drawbacks in conventional systems are setup time which {orecs production to run for
long times. Many approaches have been developed such as {lexible jigs/fixtures/ SMED.
I'MS to reduce sctup times,
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Iigure 6.71 Effcet of sctup time on cost per part
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Figure 0.72 Effect of changing setup time on flow time

Iigure 6.73 Effect of changing setup time on WIP
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Figure 6.74 Effcet of changing setup time on non-value added cost

The numerical valued effects of sctup time on different performance indicators recorded
during simulation experiments are obscrved and plotted as shown {rom 6.75 to 6.82
respectively,
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Iigure 6.76 Effect of changing setup time on cost per part

134



Cost (Rs)

WP

YBRW

R?=0.1028

©
()
I
|

(]
o I

0 1 2 3 4
Time (min)

Figure 6.77 Lffect of changing sctup time on total cost

240 R =0.67

(o]
¥
th
¥

o 1 2 3 4

%)
o]

Time (min)

Figure 0,78 Effect of changing sctup time on WIP

2.387 ) : S

2.388 e R* =0.3405 |
2.385 |

2.384 | \ !
2.383 |

2382 |

2.381
2.38
2379
2.378
2.377
2,378

0 1 2 3 4 5 6

Time {min)

Fleure 6,79 Effcct of changing setup time on YBRW



489 e e
468 |

487
456
465 « R?=0.153
464
4.53
462
461
48 | :
0 1 2 3 4

Cost (Rs)

w
(e}

Time {min)

[igure 6.80 Effect of changing setup time on value added cost

18 e e
14 - 2
P2 R? =0.2435

Gost (Rs)
(=]
oo

0.2

0 1 2 3 4

[53]
s3]

Time (min)

Figure 6.81 Effect of changing setup time on non-valuc added cost

40.7 — _ e e
40.6

L ]

40.5

40.4 RZ=0788"
403 ‘

Flow time

40.2
40.1

40

0 1 2 3 4

[52]
(23

Time (min)

Figure 6.82 Lffect of changimg sctup time on flow time

[36



Experiment 8) Effect of reworking time (RWa)

When advanced systems are uscd, it possibly increase quality so non valuc added
operations and reworking time is reduced. The effect of reworking times on various costs,
yields and other factors 15 shown from figures 6.83 to 6.92. It 1s found that reworking
times significantly effect on cost per part and reworking cost while it has little effect on

other performance variablcs,
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Figure 6.86 Effect of changing reworking times on non value added cost

The numerical valued effects of reworking time on performance measures observed and
plotted on standard spreadsheet are shown fram 6.86 10 6.92 respectively.
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Experiment 9} Effect of fast reworking time (FRyyg)

In fast reworking, operator learning i.c. learning and forgetting occurs. When a new
product is introduced, skilled labor is assigned to perform the job. As soon as, the model
is fully understood by semi skilled and multifunctional workers, job is handed over to
them. In such situations learning curve phenomenon affect the system which 1s shown In
figures 6.94, 0.95, 6.96, 6.97, 6.98 and 6.99 respectively. It is found that the effect of fast
reworking times on cost per part, waiting limes, work in process, rcjection cost, nan-
value added cost and flow times respectively is less sensitive. Only strong effect has been

witnessed on non-vaiue added cost.
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Figure 6,93 Effect of changing fast reworking time on rejection cost

The numerical valued effects of {ast reworking lime on perlormance measures obscrved

and plotied which are shown {rom 6.94 to 6.99 respeetively,
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Experiment 10) Effect of volume change flexibility at different arrivals (ViLex)

The effect of volume flexibility at different arrivals on various costs, yields and other

related factors is shown in figures 6.100 to 6.113. It can be seen that *Vip " 1s most

sensitive on total cost and flow times while moderately sensitive on work in process,

walling time and cost per part respectively. This 1s so when volume increases, capacity

problems occur and it atfect performance of the system.
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Figure 6.106 Effect of volume flexibility on non-value added cost

The numerical valued effects of volume flexibility on performance measures obscrved

and plotted which are shown from 6.107 to 6.113 respectively.
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Experiment 11) Lffect of produet variety flexibility (No. of models) (PVgx)

The eficct of product variety flexibility on various costs, vield and other performance
factors 1s shown from figures 6.114 o 6.125. It can be scen that PV s most
sensitive parameter that has considerable effect on all of the above factors.
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Experiment 12) Effect of Machine flexibility at stage 1&2 with 0.5T BV (M 1:x)
This experiment was performed by changing the yield with flexible processing using
0.5T base value. It cffect is analyzed at stage 1 and 2, but also cffect the system and
increase line to run at faster pace. The cffect of machine flexibility at stage | and 2 on
various costs and yiclds i1s shown in figures 6,126 to 6.137. It is found that machine
flexibility effect is most sensitive on cost per part, yield before rewark. rejection cost and

non-valuc added cost respectively.
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6.4 SUMMARY OF SENSITIVITY ANALYSIS

Computer simulation experimentation showed the behavior of real case study which 1s

analyzed in above section. Based on time dependent and numerical valued simulation

results, the graphs are plotted and values of slopes are obtained. These scores are placed

against each model parameter for relationships that have been studied. The scores are

assigned against respective slopes in which the following arbitrary criterion is sclected:

Slope (0.8 or more); Score = 5 (Most sensitive), Slope (0.6 to 0.79); Score = 4
{Moderately sensitive), Slope (0.4 to 0.59); Score = 3 (Sensitive), Slope (0.2 to 0.39);

Score =2 (Less sensitive) and Slope (below 0.2 and above 0); Score = | (Least sensitive)

Slope (0 and below); unstudied factors

The scores are placed against respective slopes. Based on the numerical value functions,

the results with scores are tabulated as given in table 6.1.

Table 6.1 Summary of Results

S, ~ SENSITIVITY SLOPES | SCORE |

NO

I Effect of balanced line on utilization 0.7562 4
2. filTeet of balanced line on cost per part 0.9979 5
3. LE(fect of balanced line on total cost 0.8999 5
4. Effect of balanced line on average waiting time 0.8986 3

‘LS. Effect of balanced line on work in process 0.8993 5
6. Effect of balanced line on yield before rework 0.5205 3

| 2. Effect of balanced line on rejection cost 0.1542 [
8. Effect of balanced line on reworking cost 0.089 0
9. Effcet of balanced line on value added cost 0.7274 4
10. | Effect of balanced line on non-value added cost 0.9013 5
11. | Effect of balanced line on cumulative yield 0.032 0
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12. | Effect of balanced line on flow times 0.9128 5

13. | Effect of fast reworking time on cost per part 0.4251 3

14. | Effect of fast reworking time on total cost 0.0946 0 ‘i

15. | Effect of fast reworking time on WIP 0.1669 1

16. | Effect of fast reworking time on average waiting time 0.1332 1
| 17. | Effect of fast reworking time on yield before rework 0.0308 0 |
| 18. | Effect of fast reworking time on rejection cost 0.31006 2 |
| 19. | Effect of fast reworking time on reworking cost 0.0112 0 |

20. | Effect of fast reworking time on value added cost 0.0724 0

22. | Effect of fast reworking time on non value added cost 0.4471 3

23, | Lffect of fast reworking time on cumulative yield 0.0174 0 a3

24. | Effect of fast reworking time on {low time 0.346 2 |
125, | Effect of machine flexibility on waiting time (.75 4 |
| 26. | Effect of machine flexibility on cost per part 0.9672 5

27. | Effect of machine flexibility on total cost 0.3717 2 '
| 28. | Effect of machine flexibility on WIP 0.016 0 !

29, Iiflect of machine flexibility on yield betore rework 0.9989 5 ‘

30. | Effect of machine flexibility on rejection cost 0.9992 5 |

31, ! Effect of machine {lexibility on reworking cost (1.3431 2 II
| 32, | Effcct of machine flexibility on value added cost 0.7235 4 ﬁ

33. | Lffect of machine flexibility on non- value added cost 0.9479 5 |

34. | Effect of machine flexibility on cumulative yield 0.4515 3 -E




35 Effect of machine flexibility on flow time 0.6191 4
36. | Effect of changing machine rate on cost per part 0.9657 5 |
37. | Effect of changing machine ratc on total cost 0.9911 2 !
3§, | Effect of changing machine rate on rejection cost 0.9932 5 |
39. | Effect of changing machine rate on reworking cost 0.9970 5 II
40, | Effect of changing machine rate on value added cost 0.9949 5
41. | Effect of changing machine rate on non- value added cost 0.9659 5
42, | Effect of changing material handling time on cost per part 0.0556 0
43, | Effect of changing material handling time on total cost 0.0778 0
| 44, | Lffect of changing material handling time on average wait time 0.0147 0 ]
| 45. | Effect of changing material handling time on utilization .8929 5 |
46. | Effcet of changing material handling time on WIP 0.0163 0 _|
|
| 47. | Effect of changing material handiing time on yield before rework 0.0030 {
| 48. | Lffect of changing material handling time on rejection cost 0.5443 3 ‘J
49, | Effect of changing material handling time on reworking cost 0.0085 0 _l'
150, [ Effect of changing material handling time on value added cost 0.0020 0
| 51. | Effcct of changing material handling time on non- value added cost 0.6276 o
52. | Effect of changing material handling time on cumulative yicld 0.0185 0
53. | Effect of changing material handling time on flow time 0.9773 5 |
54, | Lffect of changing starting or minimum yield on utilization 0.8329 5 |
55, | Effect of changing starting or minimum yield on cost per part 0.9834 3 I
56. | Ltffect of changing starting or minimum yield on total cost 0.9551 5 |




57. | Effect of changing starting or minimum yield on yield before rework 0.9975 5
58. | Effect of changing starting or minimum yield on rejection cost 0.9902 5
59. { Cffect of changing starting or mmimum yicld on reworking cost (0.8419 5 —!"
| 60. | Liffect of changing starting or minimum vield on cumulative vicld 0.9719 5 J{
| 6l. LifTect of changing starting or minimum yickd on low time 0.037 0 |
62. | Cffect of changing starting or mintmum yield on WIP 0.1888 [ ]'|
| 63. | Liffeet of changing starting or minimum yield on waiting time 0.0225 0 ;;
i 64. | Effect of changing starting or minimum yield on value added cost 0.8023 5 :I
65. | Lffect of changing starting or minimum viceld on non-value added cost | 0.9951 5 |
! 66, | Effect of yield improvement on cost per part 0.8767 ¥
67. | Effect of yicld improvement on reworking cost 0.9861 5
| 68. | Effect of yield improvement on rejection cost 0,9997 3
I 69. | Eifect of yield improvement on yicld before rework (0L.9751 3
| 70. | Effect of vield improvement on cumulative yield 0.9966 3
: 71. | Eftect of yield improvement on WIP 0.9042 5
72. | Effeet of yield improvement on value added cost 0.8329 5
j' 73. | LlTeet of yield improvement on non- value added cost 1.9629 5
| 74. | Effect of yicld improvement on total cost 0.9903 4
|
| 75. | Effect of reworking time on cost per part 0.9953 5
76. | Effect of reworking time on total cost 0.0031 0 b
| 77. | Effect of reworking time on WIP 0.5035 3
78. | Effect of reworking time on reworking cost (.9043 5
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Effect of reworking time on non- valuc added cost

79. 0.894 5
80. | Effect of reworking time on cumulative yield 0.4568 3
| 81. | Effect of reworking time on flow time 0.1558 1
| 82. | Effect of reworking time on value added cost 0.0995 0
83. | Effcct of sctup time on cost per part 0.6026 3
| 84. | Effect of sctup time on total cost 0.1028 1
85. | Effcet of sctup time on WIP 0.670 3
8G. IsTect of setup time on waiting time 01608 |
87. Lifcet of sctup time on cumulative yield 0.0998 0
88. | Lifect of setup time on {low time (0.796 4
89. | Lifect of sctup time on value added cost 0.153 1
90. | Lffect of setup time on non-value added cost .9435 5
01. | I:ffect of sctup time on yield betfore rework (.3406 2
92. | Effect of sctup time on rejection cost 0.0693 0
93. | Effect of setup time on reworking cost 0.0109 0
94, | Effect of changing wage rate on cost per part 0.9998 5
95. | Effect of changing wage rate on total cost 0.9999 5
96. | Effect of changing wage rate on rejection cost 0.9797 5
97. | Effect of changing wage rate on reworking cost 0.7937 4
98. 1 Lffect of changing wage rate on value added cost 0.9797 5
98. | Effect of product variety flexibility on utilization 0.075 0
99. | Effect of product variety flexibility o cost per part 0.9996 5
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100 | Effect of product variety flexibility on total cost 0.0843 Lo ]
101 | Eftect of product variety flexibility on WIP 0.9031 5
102 | Effect of product variety flexibility on average waiting time 0.9026 5
| 103 | Effect of product variety flexibility on yield before rework 0.1695 1 i
|
104 | Effect of product variety flexibility on rejection cost 0.7007 4 l
| 105 | Effect of product variety flexibility on reworking cost (.9891 5 ,
106 | Effect of product variety flexibility on value added cost 0.895 5 o
107 | Effect of product variety tlexibility on non value added cost 0.8356 5 :
| 108 | Lifect of product variety {lexibility on cumulative yicld 0.025 0 1‘
109 | Effect of product varicty flexibility on flow time 0.8483 5 T
i 110 | Effect of volume {lexibility on utilization 0.6632 R _J'.
111 | Effect of volume flexibility on cost per part 0.6036 |3 ‘J:‘
| 112 | Effect of volume flexibility on total cost (0.9813 5 ii
113 | Effect of volume flexibility on WP 0.7953 4 J!‘
114 | Effect of volume flexibility on average waiting time 0,7734 4 i
115 | Effect of votume flexibility on yicld before rework 0.6559 4 m
116 | Lffect of volume {lexibilily on reworking cost 0.0784 0
:{ 117 | Eifect of volume flexibility on rejection cost 0,222 P,
[18 | Effect of volume flexibility on value added cost 0.7045 4
119 | Effect of volume flexibility on non- valuc added cost 0.5974 4
120 { Effect of volume flexibility on cumulative yield 0.024 0
121 | Effect of volume flexibility on flow time 0.9994 5
L i

— = _
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Let us now return to morc practical approach of performance measurement (protector,
offensive and innovative). We still need to carry out sensitivity at tactical level on the
basis of protector, offensive and innovative manufacturers individually. Individual
prioritized 1s benelicial for local manufacturers at cach ievel. From the seclion 6.2, we
can use the clustering of operational entities as below:
1. Protector related
a. Utilization of resources (UTsys)
b. Cost per part (Cpapt)
c. Total cost of the part (TMcosT)
d. Average waiting time (W avq)
2. Offensive related
a. Work In Process (WIDP)
b, Yield before rework (YBRW)
¢, Cumulative rejection costs (Cry)
d. Cumulative reworking costs (Criwory)
3. Innovative related
a. Value added cost (Cyan)
b, Non- value added cost (Cruvap)
¢. Cumulative vield (Yeun)

d. Ilow time (F1T)

6.4.1 PROTECTOR MANUFACTURERS RESULTS

The summary of parameters which effect the performance variables have been given in
table 6.1. The table is now used individually for *Protector Manufacturers’™ at tactical
level decision making. The objects from table 6.1 for protector manufacturers are
separately used as shown in table 6.2, The values/objeets are now filled in which column
1 shows the parameters of interest and rows represents the performance variables. We are
interested to find the most sensitive parameters in our study. Tor the purposce of
completencss, the rcmaining relationships may be allotted a sensitivity score ol .
representing ‘insensitive’ or unstudied factors. It is pertinent to point out that this

approach may bring slight inaccuracy in our analysis when speaking in absolute tenms:
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however i1t results in relatively less error because even otherwise we have no concrete

information about behavior of such relationships.

Table 6.2 Protector partial sensitivity results

B UIS"_‘ Crart TMcosr | WTave |
| Hrarm 5 5
Mg 5 5
| Pyax |4 3 5 5
| MHypar | S
Ymin 5 5 :
Yine 5 4
| SUrime 3 I 1 il
RWoisig: 5 |
FRpa: 3 l
| MrLex 5 ) P !
| PViix 5 13
|
! Viex |4 3 5 3
LL_ll.l.\ i _ _ )

The table 6.2 is f{illed with values/objects obtained during simulation experimentation
(numerical values). Now the values are summed and placed in separate column as "ROW
SUM’. The maximum value in the ‘ROW SUM™ column is most sensitive parameters
affecting the system at protector level. The objeets as derived [rom the above table 6.3
with respect to performance objectives as ‘protector’ has becen placed below in the

decrcasing order of sensitivity,
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Table 6.3 Protector completed sensitivity results

Fﬂ':_-?ﬁ:ﬁ‘-’m_’
UTsys | CparT T™cost | WTave | ROW
SUM

Hpare | O 5 5 0 10
Mpati: | O 5 5 0 10
Prax 4 5 5 5 19
MHrpaie | 5 0 0 0 5
eI 5 5 5 0 15
Yo 10 5 3 0 9
SUrpae | 0 3 1 i 5
R\rV'“MJ.; 0 5 0 0 5
FI e 0 3 0 | 4
Miaix 0 5 2 4 11
PVeex | O 5 0 5 10
ViLix 4 3 5 4 16

Puiax

Vi ix

Y

Mppix

Mgami « Hratie « PVyix

Y e

MH s s SUpae, RWyn

FRypar:
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It is interesting to note that processing time is found most sensitive paramcters. This
means that protector manufacturers should focus on balancing of production line in order
to reduce cost per unit and cffectively uttlizing capacitics. By streamlining operations,
minimizing of waste times from the production line would results in more production
volumes henee reducing cost per unit and beneficial for manufacturers.

6.4.2 OFFENSIVE MANUFACTURERS RESULTS

The table 6.4 for offensive manufacturers at tactical level as derived from the table 6.1
with respect to performance objective as offensive has been placed below in the
decreasing order of sensitiveness. The table 6.4 for offensive manufacturers is made by
placing objects/values against performance variables.

Table 6.4 Offensive partial sensitivity results

R WD YBRW | Cus Criwork |
Hrate 3 1

| Mpate 3 ’

| Praax 5 . :
MHy e 3

'I Y l 3 : ’
Y imp 5 D : :
SUpmi: | 3 2

| RWepis | 3 ’
FRywn: | 1 -
My x 3 . :
PViex |5 l ! ’
Viex | 4 4 2
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Again, for the purpose of completeness, the remaining relationships may be allotied a
sensitivity score of 0, representing ‘insensitive” or unstudied factors for completing table
6.5 as shown below. Add the ROW SUM column parameters values. The maximum

parameter value is the most sensitive and affecting the system.

Table 6.5 Offensive completed sensitivity results

B [WIP [ YBRW [Cres | Crework | ROW
SUM
Hgare |0 0 5 4 9
Mgarv: 0 0 5 5 10
| Prax 5 3 1 0 9
MH v | O 0 3 0 3
Y M 1 5 5 5 16
Y ivp 5 5 .} 5 20
I SUrn 13 2 0 0 5
RWoype | 3 0 0 5 8 !
| FRume | 1 0 2 0 3
Mgy 0 5 5 2 12
| PVrgx {3 I 4 5 15
| Vigx |4 4 2 0 10 .

The prioritized values on decrcasing order of sensitiveness are given below:
L Yiue
20 Y
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PVix

Miex

Mgrate, ViLix
Hrare, Priax
RWpii

SU e

9. MHyne, FRyme

R B

It is found that improvement in yield is the most sensitive paramcter {ollowed by
minimum or starting yicld. This is proved that use of advanced manufacturing technoelogy
is justified which not only improve product quality but also enhances variety as it comes
oul o be next sensitive parameter in our study. 10 is evident that advanced system should
be used by offensive manulacturers to improve product quality, reliability and flexibility.
FFast reworking and material handling times are found less sensitive (o such
manutacturers.

As discussed in chapter 4 about analysis of machine cost which works within offensive
strategy 1n order to identify appropriate level of technologies. The methodology has been

explained, this section present results as described in scetion 4.2.2.2.2,

60.4.2.1 TECHNOLOGY DRIVEN RESULTS

Running of the simulation models as mentioned in the preceding section allowed
comparing the slopes of different paramecters so that thc most sensitive ones could be
differentiated from comparatively less and least sensitive ones. This has been done in
terms of the five levels, 1.e. most sensitive, moderately sensitive, sensitive, less sensitive.
and least sensitive. Higher the value of slope, higher is the sensitivity, The slopes are
available in terms of impact on per unit cost obtained as a result of making per rupce
change in the process parameter, In order to make the result more useful and comparable
for the international reader, percentage increasc/ decrease in cost per unit has been
represented by doubling the cost of cutting tool, machine rate, labor rate, overheads ctc,
The results and conclusions are shown in Table 6.6. It can be concluded that some
parameters are more important (sensitive) than others. Sensitivity has becn ascertained on

the basis of impact on per unit cost and is given in Table 0.7.
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Table 6.6 Results & Conclusions

168

Percentage change in Cost per umnit |
Engine Lathe | Doubling the machine rate results in 2.3 percent increase in cost ‘
Deubling the labor rale results in 16.6 percent increasc in cost !
| Doubling the overhead rate results in 0.5 percent increase in cost '
Turret Lathe Doubling the machine rate resulls in 2.53 percent increase in cost |
Doubling the labor rate results in 25 percent increase in cost i
Doubling the overhcad rate results in 0.7 percent increase in cost
Doubling the number of set ups result in 95 percent increase in cost
Automatic Doubling the machine rate resulis in 74 percent increase in cost per unit :
Machines Doubling the labor rate results in 0.53 pereent increase in cost per unit |
Doubling the overhead results in 18 percent increase in cost per unit
Doubling the set up cost results in 71.8 percent increasc in cost per unit l
Doubling the tool changing time increases the cost per unit by 1.5 percent, '
Doubling the tool fife results in 4.75 percent decrease in cost per unit
Ten times increase in bateh size results in §5 percent decrease in cost per unit. |
Doubling the batch size results in 40 percent decrease in cost per unit.
Mumerically Doubling the machine rate results in an increase of 81.56 percent in the cost per ]
Controlled unit
] (NC) Doubling the labor rate resuits in an increase of 7.69 percert in cost per unit |
Machines Doubling the overhead rate resufts in 44.7 percent increase in cost per unit
Doubling the tool changing time results in 3.82 percent increase in cost per unil |
Doubling the cost of tool vesults in 2.7 percent increase in cost per unit 'I
Doubling the batch size results in only 1.55 percent deerease in cost per it
‘
I
Transfer Doubling the machinc rate results in an increase 0f95.2 percent in the cost per unil I
Machine There secms to be 86.3 percent reduction w1 cost per unit by using material with -
half the value of tool material exponent (n). |
Doubling the cost of tool results in an increase of 20 percent in the cost per unit
Doubling the tool life results in a decrease of 21 percent in the cost per unit



Table 6.7 Completed Sensitivity Results

Final Sensitivity

Levels

Most
Sensitive

Modcrately
Sensitive

Sensitive

Less
Sensitive

Engine Lathe
1. Labkor rate
2. Machine rate
3. Overhead rate
Turret Lathe
I. Number of sctup (n)
2. Labor rate
3. Machine rate
4, Overhead rate
Automatic Machines
1. Machine rale
. Setting up cost
. Overhead rate
. Tool life
. Tool changing time
6. Labor rate
NC Machines
1. Machine rate
2. Overhead rate
3. Labor rate
4. Tool changing time
5. Cost of a tool
Transfer Machines
1. Machine rate
2. Tool material
exponent (n)
3. Tool life
4. Cost of a teol

[ SR N U I NS |

X

P

P

s

™

v

X

A

b

X

X

Least
Scnsitive

A

J

Five different levels of technology are analyzed which include Engine lathe, Turret lathe,

Automatic machines, numerically controlled machines {(NC), and Transfer machines, A

comparison of these functions allowed us to identify the most, less and least sensitive

process parametcrs, In general, machine rate turns out to be most important parameter.

For Automatic and N.C. machines, machine rates and overhcads must be given spccial

consideration. Tool life turns out to be a sensitive parameter for transfer machines.

Adequate tool lifc is, therefore important in this case. Labor rates should be given duc

attention when using Engine and Turret lathes but seem less important in automatics.
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Machine sctting is a moderately sensitive parameter in Automatic machines. Thus,
sequence of operations should be designed and planned in such a way that machine set up
cost is minimized. It is cvident [rom results that certain parameters are mportant af
different levels depending upon the process parameters under investigation. In order to
face challenges of the world, Pakistani manufacturers should pay duc attention using
proper technology at right time to become competitive. This might be achieved using 4
stepwisc analysis of machine cost as a supporting tool for sclecting appropriate level of
technology in future.

6.4.3 INNOVATIVE MANUFACTURERS RESULTS

The table 6.8 for innovative manufacturers at tactical level as derived from the table 6.1
with respect to performance objective as innovative has been placed below in the
decreasing order of sensitiveness.

Tablc 6.8 Innovative partial sensitivity results

Cvap | Cyvan | Youm | BT

Hpate |5

| Mrate | 3 5

| Pruax 4 S 5
MHypae 4 3

| Y M 5 5 5 1
Yip 5 5 %

SUpme |1 5 4
RWpme 3 3 l -
| FRype 3 2

Mpex |4 5 3 4 |
PVrex |5 |3 5|
Viex |4 4 5

L | ‘ ) |
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The table 6.8 is made in the same way as of ‘protector and offensive” manutacturers. The
objects for cach parameter are added in ROW SUM. The values are prioritized based on
decreasing order of sensitivity. For the purposc of completeness, the remaining
relationships may be allotied a sensitivity score of 0, representing ‘insensitive’ or

unstudied factors for completing table 6.9 as shown below.

Table 6.9 Innovative completed sensitivity results

Cvap | Cwvap | Yeum | FT ROW

I SUM
Hirr | 5 0 0 0 5
Mpare | 5 5 0 0 10
Purx | 4 5 0 5 14
Mo | 0 7 0 5 9

| Y 5 5 5 0 15 '
Yor |5 5 5 0 15
SUrnae |1 5 0 4 10
RWrpe: | 0 5 3 1 9
FRyme 10 3 0 2 5
Miex | 4 5 3 4 6 |
PVrex |9 5 0 5 15

I Viex | 4 4 0 5 13 |
L _ ﬂ

The prioritized values on decreasing order of sensitiveness are given below:
Lo Myppgx

20 Yo Yo« PViix

3. Paax

4

Vylix
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5. Mgars s SUpime

6. MHypa: . RWrme

7. Hpami:, FRae
Machine flexibility 1s the most sensitive parameter as it affcets the business at innovative
level, Innovation is defined as ‘something unique, giving more importance at same or
reduced cost. This help to increase confidence level of customer in the intcrnational
market, Quality related parameters are the sceond sensitive in our prioritization,
Now the prioritization obtained from three types of manufacturer are tabulated together.
This gives clear understanding and guide us the path to follow on PPMX. The table 6.10

1s given below:

Table 6.10 Prioritization at each manufacturer

' PROTECTOR | OFFENSIVE INNOVATIVE ]
Pymax Yimp MeLEx
Vivix Ywmin Yo s Yime s PViix
Y i PViiex Pymax i
My gx My ix Vi l
Mpan:, Hrare, PVeex Mupate, Virex Mgariz « SU I
Y imp Huare, Puax MI s « RWopay |
MHyimni » SUrins RWoppan RWoriai: Heare . Fler: I
| FRyn: SUpmis |

Now, thc most sensitive parameters arc positioned together with respective strategies as

shown in figure 6. 138,
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Iigure 6.138 Parameters on PPMx matrix

60.4.4 GLOBAL STRATEGIES RESULTS
The table 6.11 below show cumulative results of parameters in decreasing order of
scnsitiveness, It s found that yield related parameters are the most sensitive followed by
improvement in yield, processing times, product varicty flexibility and machine
flexibility respectively. The companics who are interested to compete in global
environment should focus on yield related parameters and processing times, This means
to incorporate automation in their production facilities to achieve high quality and
compress lead time. Interestingly, material handling and fast reworking times comes out
to be the least sensitive parameters in our study.
The prioritized values on deereasing order of sensitiveness are given below:

L Yain

2. Y

Lad

Prax

PVt ex
Mpex, Vitex
Mgrate

Hyarr
RWrp

9. SUyppi

10 MHyp:

T PRy

® N v e
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6.5 CONCLUSIONS

In this chapter the behavior of the model is analyzed using simulation. The

experimentation is performed and responscs are recorded. The following conclusions are

drawn from the experimentation:

1.

1.

il

The effect of balancing of production line (Pysax) 1s most significant on cost per
part, total cost while its effect is less sensitive on yield before rework and
reworking cost, This comes out that balancing of production line is pre-requistte
to reduce per unit. The protector manufacturcrs can be benefited by implementing
techniques like line balancing, streamlining of operations, load oriented control
ete 1n their shop floor.

The ceffeet of hourly labor is found most significant on cost related parameters
whereas it no eftect on work in process, yiceld before rework, average waiting time
and flow time. When the companies shift their business at higher value addition
vhase L.c. mass customization, the impact of hourly labor cost becomes most
scnsitive, The innovative manufacturers face hourly labor cost issucs. Therefore,
it is recommended that these manufacturers should invest on R&D and training of
workforcee on multi-skills in order to reduce hourly labor cost.

The machine rate is also onc of the most sensitive in our study which cfleet cost
related paramieters. An analysis is also carried out to sec impact of changing level
of technology when companies will shift from conventional to automation. The
automation will improve the reliability of the system. but care should be taken to
use advanced manufacturing systems when certain volumes are break cven to
justify production in automation stage.

The material handling cost an important parameters found in the study which
cffeet utilization, flow times and non-value added cost respectively. Material
handling time reduces lead tune and improves business by climinating wasle time
and offcrs more flexibility. Both offensive and innovative manufacturers can be
benefited by properly analyzing their shop fleor and then using appropriate level
of material handling system in shop [oor,

The most sensitive paramcters lound in the study are yield related which

significantly affect the performance of manufacturing system. this can be
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Vi,

vii.

Viii.

achicved using quality technigues in a systematic manner depending upon type of
organization. The use of automated systems is also justified by analyzing level of
technology and then proposing suitable equipiment.

The setup time is an important factor which has considerable effect on non-value
added cost. The drawbacks of using conventional systems are large setup time
which forces production to run for longer time which ultimately increases lead
time. Use of tlexible jigs/ {ixtures/SMED approach and I'MS help to improve
responsiveness and delight customer by cutting out waste time {rom system, Both
offensive and innovative manufacturers are benefited by analyzing current
businesses and implementing such flexible techniques/systems.

Fast reworking and reworking times are important parameters and a{fecting the
systems.  This could be minimized by training of operators, oft-linc
experimentation and involving them in R&D activitics. Groups are formed which
consists of semi, highly skilled and multi tasking operators.

Machine, volume and variety flexibilities arc also important tactors which aftect
systems and offers challenges for cach type of manufacturers i.e. protector,
offensive and innovative respectively, This can be controlled by properly utilizing
capacities for protector manufacturers for optimum volumes, using flexible
machines for accommodating dcsign  changes (varicties) and  group
technology/IFMS ete for minimizing lead time and improve customer satisfaction.

The prioritization is obtained for cach type of manufacturers. It comes out that the
most sensitive parameters for proicctor manufacturers arc processing time by
balancing production line, volume [lexibilities by properly atilizing capacitics.
Yicld related parameters (both Ypge AND Yun) are the most sensitive for
offcnsive manufacturers which forces manufacturers 1o use automation at this
stage as poor quality does not exist when automation is used. More {lexible
processing systems should be used as varicty flexibility is the next most sensitive
parameter found in prioritization. Machine {lexibility, yield related parameters
(both types) and varicty {lexibility are the sensitive for innovative manufacturers.
Using {lexible systems is therefore justified in order to face chatlenges of the

world marketplace.
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X, Tocompete in the world market and become competitive, companies should focus
on yield rclated parameters as they comics out to be the most sensitive parameters

which forces manufacturers to usc more flexible, agile and productive systems,

This chapter is about model behavior analysis, Iimportant parameters have been identificd
have been used and simulation experimentation carried cut for 525 hours with ranges of
values used in various modules. The effects are analyzed in two ways i.e. time dependent
behavior and numerical values in question. Results are plotted in oulput analyzer of
Arena software and Excel respectively. Simulation runs and numerical value graphs have
been made and sensitiveness is calculated using slops of functions are. These slopes are
placed against respective scores according to the plan as deseribed carlicr. The
parameters are prioritized with respect to the performance objective i.c. protector,
offensive and innovative manufacturing at individual level. This help to identifv key
performance paramcters for three manufacturers. Both local level (for individual
manufacturers) and global level prioritization is obtained. At global level vield rclated
parameters are found most sensitive which forces us to {ocus on quality related and time

compression technologies to become competitive in the marketplace.

177



CHAPTER 7
STRATEGIC LEVEL DECISION
MAKING




CHAPTER 7
STRATEGIC LEVEL DECISION MAKING

7.1 INTRODUCTION

The behavior of model is analvzed using manufacturing simulation at tactical level. Main
focus at that stage is to prioritize most sensitive paramecters at tactical fevel, so the
cmphasis is to identi{y practical design parameters which help manufacturers within shop
floor. Performance parameters are prioritized for ‘protector’ corresponding 1o low cost,
‘offensive’ corresponding to high quality, more agile and ‘innovative’ manufacturers
correspond to attracting customers respectively. Both tactical and strategic level decision
making process is involved for improving business, It is true that dynamic and rapidly
changing business cnvironment offers challenges to manufacturing industries which
demands timely related and right strategic decisions in order to compete in the
marketplace, Therefore, analytical hicrarchal process (A at strategic decision making
is used. At strategic level whole business process is involved which includes activities
like marketing, production planning and control, finance cte. A brief overview about
strategic decision making process is described followed by introduction to AP and

Justification for it use. The final strategic hicrarchy is presented in last section.

7.2 STRATEGIC MANAGEMENT- AN OVERVIEW

Strategy is defined by Farjoun (2002) as “the planned or actual co-ordination of the
firm’s major goals and actions, in time and space that continuously co-align the firm with
its environment”. This definition encapsulates three interrclated peints: behavior, co-
ordination and adaptation. In practice, the essence of strategy is the improvement of
competitiveness. This is probably one of the most challenging tasks facing any firm,
given the increasingly volatile business environment. To survive and gain competitive
advantage, organizations of all sizes increasingly need to pursue well developed and clear
cut strategics (Christopher, Bartlett and Ghoshal, 1990; Powell, 1992}, Yet small firms
are often stated to be ‘naive about planning and the development of strategy’ (Deakins
and Freel, 1998). The number of ways that small {irms tend to respond to change

exemplifies this. Firstly, they tend to look inward rather than outwards and ignore change



(focused only at tactical decision making). Secondly, some continue to rely on efliciency
based measures as their ‘strategic plan’ for the future (Protector Manufacturers). Thirdly.
some firms believe that, as they are part of a localized supply chain, they arc immunc to
any external influences (focusing only on services).

In rescarch world, many approaches have been developed for coping with strategic level
decisions. At that [evel, the focus is to identify key and prioritize factors in whole
business process. Therefore, AP as a tool is selected which aid in prioritizing key
activities in whole business settings. Much research work has been carried out over the
last few decades of using AIIP as multi criteria decision making tool. The most
significant in this regard is: AP for facility layout (Jiagan 1997), AFHP study of TQM
(W, G. Lewis, 2005), multi criteria supplicr selection using AIIP (Cengiz, 2003),
prioritization of kcy performance indicators using AHP (Arash 20006), AHP in FMS
decision making (Ozden 2004).

In prioritizing whole business process, main departiments arc selected.  The main
departments include marketing (MKT), production planning and control (PPC).
{inance/accounts (FIN), shop floor control (SIFC)asscrubly, quality assurance (QA),
capacity planning (CP), product development (PD), supply chain management (SCM),
inventory management (IM), packaging(PKG), human rcsource management (HRM),
maintenance management (MMT) and sales/dispatch (S&D). AHP has been used in a
wide varicty of complex deciston-making problems, such as the strategic planning ol
organizational resources (Saaty, 1990), the cvaluation of strategic alternatives (Tavana
and Banerjee, 1995), and the justification of new manufacturing technology
(Albayrakoglu, 1996). In order to minimize the risks involved in goal sctting, the
prioritization of whole business process should be viewed as a multi-criteria, decision-
making problem. Analytical hicrarchy process (AHP) can be used for multi-criteria
decision making. It is cvident from our discussion that AHP is referred to as the most
powerful and widely acceptable technique for decision making process which allows
decision maker(s) to measure the consistency and stability of their decisions. AHP has
becn shown to be useful in prioritizing alternative variables. The next scction bricfly

describes procedurc of AHP and steps involved in calculating prioritizing.
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7.3 ANALYTICAL HIERARCHAL PROCESS (AHP)

The analytical hierarchal process (AHP) is a powerful and flexible decision-making tool

that helps people set prioritics and make decision when both quantitative and qualitative

aspects of a decision need to be considered. This is done by reducing complex decisions

to a serics of pair wise comparisons, computing Eigen values and then synthesizing

results. AP not only helps in decision makers arrive at the best decision, but also

provides a clear rationale for the decision. The decision maker judges the importance of

each criterion in pair-wise comparisons. The outcome of AHP is a prioritized ranking or

weighting of each decision alternative.

7.3.1 AHP PREFERENCE WEIGHTS AND STEPS

AP weights with level of importance information are given in table 7.1:

Table 7.1 Scale of preference between two elements

Preference weights/
level of importance

Definitions

Explanation

1

Equally preferred

Two activities contribute equally to the
objective

3 Modecrately preferred | Experience & judgment slightly favor one
activily over another
5 Strongly preferred Experience & judgment slightly favor one
aclivity over another _
7 Very strongly | An activity is strongly favored over
preferred another and its dominance demonstrated
in practice o
9 Extremely preferred | The evidence favoring one activily over
another is of the highest degree possible
of allirmation L ]
2,4,6,8 [ntermediate Used lo represent compromise hclwcuni
preferred the preferences listed above i
Reciprocals Reciprocals for inverse comparison |

Generally AHP consists of following five steps:

1. Deccide upon the criteria {or sclection

2. Rate the relative importance of these criteria using pair-wise comparisons
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3. Rate each potential choice relative to cach other choice on the basts of cach
selection criterion ~ this is achicved by performing pair-wise comparisons of the
choices

4. Combinc the ratings derived in steps 2 and 3 to obtain an overall rclative rating

for each potential choice as

a; = Z (w k)
1

Where; aj = overall relative rating for method j; wj = average normalized weight

for criterion [; ky; = average normalized rating for method j w.r.t. criterion 1.

5. Synthesis of prioritics and the measurement of consistency

. - . - . i .

i) Calculate the eigenvector or relative weights and Araax for each matrix

1) Compute consistency index (CI) for cach matrix of order n by the
formula:

CI= (A — n)/(n-1)
1ii) The consistency ratio (CR) 1s then calculated using the formulae:
CR =CI/RI

Where; RI is a known random consistency index obtained from a large number of
stmulations runs and varics depending upon the matrix size, For example; 0.05 value is

for 3x3 matrix, 0.08 for 4x4 and 0.1--0.2 for all other matriccs.

7.3.2 METHODOLOGY

As stated above that whole business process activitics have been used as key performance
indicators afleeting the business at strategic level, So these are used as a factor affecting
the whole business scttings so that important ones arc identified and prioritized. The way
in which we have used these indicators in AP {or prioritization is unique to find out the
relationship and importance of one indicator over the other using pair-wise comparison. It
is obvious that one who is involved in the process being asked to judge pair-wise relative
importance ol one indictor over the other may lead to inconsistence results, Therefare.
senior executives (Vice-Chairman Lingineering Development Board (EDI3), Pakistan) and

two business cxecutives have been selected to fill the ‘nxn’ matrix. They have been
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involved in operational and strategic decision making process in industry for decades. A
questionnaire has been distributed in matrix form asking a simple question ‘How much
important 1s one indicator over the other’ using a scale of 0-9 as given in table 7.2, 7.3
and 7.4 for protector, offensive and innovative manufacturcrs respectively, This is
because; sometimes-major investment is made without proper identification of key
issues. This may lead us to wrong decisions; therefore, relative comparisons of different
alternatives of key indicators are very necessary. One logical argument is that the relative
importance is different {or person who is filling up the ‘n x n” matrix. This is overcome as

averaged values have been used for final prioritization calculations.

Now, set up the ‘n’ requirement in the rows and columns of an ‘n x n" matnx.
Since, there are thirteen activitics in whole business process; therefore the requirement
matrix consists of thirteen rows and columns. The matrix is filled up above the diagonal
(since the valucs below the diagonal are reciprocals for cach corresponding indicator).
The main question asked is *how much important is onc indicator over the other using a
given scale’ as shown in figure 7.1, Then, perform the pair-wise comparison of all the
requirements using the scale value as mentioned above. We have used Iixpert Choiced
software for easing and calculating importance ratings and FEigen value calculations (as
we are interested in prioritization and rclated inconsistencies). The judgments are

recorded, ‘n x n’ values caleulated and any inconsistencices shown in final results.

7.3.2.1 PRIORITIZATION FOR PROTECTOR MANUFACTURERS

Figure 7.1 and 7.2 show normal and prioritized results in decreasing order of importance
for *Protector Manulacturers™. As explained carlier that three exeeutives are conticled to
fill this part. Three strategics and its relationship have been discussed with exceutives and
they arc asked to fili the n x n matrix as shown in ligure 7.2, Ixpert choice 1s used for
calculating the prioritization, As production planning and control is the most mportant
activity in prioritization. This is so as executives arc feel it utmost important at shep floor
level followed by capacity and inveutory management. Thus focusing on production
planning and control reduce cost per part and increase efficiency of systeml by
minimizing waste times. Thus concentrating on these activities would capture the market

so marketing is the least sensitive rated by them at protector level. Therefore, it comes
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out that production planning and control followed by capacity planning: mventory
management and shop {loor control are the most sensitive activitics i whole business
settings lor protector players as shown in figure 7.2. So the prioritization for protector
players in decreasing order ol importance is:

¢ Production Planning and Control

e Capacity Planning

e Inventory Management

e Shop Floor Control

 Maintenance Management

¢ Quality Assurance

¢ Product Development

o Supply Chain Management

e Sales & Dispatch

e [inance

s Jackaging

e [Muman Resource Management

e Marketing
Much attention should be placed on streamlining of operations, minimization of wasic
times {rom the processes using standard tools and mecthods of production planning and

control, shop tloor control etc.
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Priorities with respect to:
Goal: PROTECTOR

Marketing
Prad Planning & Control
Finance
Shap flear Contral
Quality Assurance
Capacity Planning
Product Development
Supply Chain Management
Inventory Managenment
Packaging
Human Resource Management
Maintenance Managenment
Sales & Dispatch
Inconsistency = 0.04

with 0 missing judgments.,

026
132
.031
123
.110
131
050
049
127
.030
.030
120
.049

iodel Narme Frotector

Figure 7.1 Protector Manufacturers results w.r.t goal

Priorities with respect to:
Godl: PROTECTOR

ProdPlanning & Conkrol
Capacity Planning
Inventory Managerment
Shop flaor Control
Maintenance Managemoent
Quality Assurance
Praduct Development
Supply Chain Management
Saes & Dispatch
Finance
Packaging
Human Resnurce Management
Marketing
Inconsistency = 0.04

with 0 mdssing judgrments,

.132
.131
127
123
120
.119
.050
.049
.Q40
.31
.03
.038
.026

todel Narmz: Protector

Figure 7.2 Protector Manufacturers priorities in decreasing order of importance
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7.3.4.2 PRIORITIZATION FOR OFFENSIVE MANUFACTURERS

Figure 7.3 and 7.4 show normal and prioritized results for offensive manufacturers. As
offensive manufacturers aim is to satisfy customized requirements and enhancing varicty,
so they are termed external focused. Quality assurance, product development is rated as
the most important activities in wholc business settings for offensive manufacturers. This
means that cxecutives are quite aware that this is the most important stage and turning
point to bccome competitive. Therefore, much attention should be paid in quality
assurance and product development activities by introducing advanced systems and

increasing level of know how to shop floor personnel.

rtModel Nameg OF FENSIVE

Priorities with respect bo:
Gaud: OFFEN SI¥E

Marketing .038 I

PFrod Planning & Control RrC=———————— sl

Finance 030 I

Shap floor Cantrol BUIEE = _—— —_ -5, =—o==g
Quality Assurance BETANE - ————— = -
Capacity Planning NG =— == —

Product Development 20 SRR T T 1
Supply Chan Developrent 065 I——

Inventory Management PR == = S )

Packaging 029 (IS

Human Resaurce Managennt 040 I

Maintenance Managerment BV = - ——==s = ==l

Sules & Dispatch 030

Inconsistency = 0.04
with 0 missing judgoents.
Iigure 7.3 Oflensive Manulacturers results w.r.t goal
The importance of prioritization in decreasing order of importange is:
e Quality Assurance
» Product Development
e Maintenance Management
e Shop Floor Control
e Capacity Planning
¢ Production Planning and Control

e Inventory Management
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e Supply Chain Management
¢ Human Resource Management
e Markeling
* [inance
e Sales and Dispatch
e [Packaging
[t is pertinent to note that at offensive stage, quality assurance and product development

are the most sensitive activities and affect the whole business sctting,

rvodel Name: CFFENSNE

Priorities with respect to:
Goal: OFFEN SIVE

Quality Assurance 197 ST a1
Product Development J1zo IS Ty e
Maintenance Management oz T | M N |

Shop floor Control NIOE:==-—r—_——=— —__ PR
Capacity Planning 086 [ ———

Prod Planning & Control 074 e et

Inventary Management T ————— - —— |

Supply Chain Developrent 065 [N T 1]

Human Resource Managennt 040 I

HMarketing 033 I

Finance 038 [

Sdes & Dispatch 030 N

Packaging 029 N

Inconsistency = 0.04
with @ missing judgments.

Figure 7.4 Offensive Manulacturers priorities in deereasing order of importance

7.3.4.3 PRIORITIZATION FOR INNOVATIVE MANUFACTURERS

Figure 7.5 and 7.6 show normalized and prioritized results for innovative manufacturers,
It is interesting to note that quality assurance, product development and maintenance
management arc rated to be the most sensitive activitics in whole business scttings lor

innovative manufacturers.
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Priorities with respect to:
Goal: INNOVATIVE

Marketing
Prod Planning & Control
Finance
Shop Floor Conirol
Quality Assurance
Capacity Planning
Praduct Develapment .
Supply Chain Mansgement
Inventory Management
Packaning
Human Resource Management
Maintenance Management .
Sales & Dispatch .
Inconsistency = 0.04

with @ missing judgmenls,

iodel Nama: INNOVATIVE

093
.045
071
.036
.133
072

126

099
047
060
.089

46
083

[igure 7.5 Innovative Manufacturers results w.r.t goal

The importance of prioritization in decreasing order of importance is given below:

e Quality Assurance

o Product Development

o Supply Chain Management

e  Marketing

e Human Resource Management

o Sales & Dispatch
o (apacity Planning
¢ Finance

e Packaging

e [nventory Management

e Maintecnance Management

e Production Planning and Control

o Shop I'loor Control
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It is found that quality assurance, product development and supply chain management are
the most important activities in whole business settings. One similarity between offensive
and innovative manufacturers is quality assurance and product development come out
most important for both type of manutacturers. This is because at medium to high variety,
new product development and quality offer challenges to manufacturers for achieving
highest degree of reliability and innovation as demanded by domestic and international

customers,

Mocgel Name INNOVATIVE

Priorities with respect to:
Goal: INHOVATIVE

Quality Assurance 1433 T OF E———
Praduct Development 126 EDETEET T e |
supply Chain Management 03 === Eenemaam

Marketing RECQE === =S =

Human Resource Management 080 e e 7 By

Sales & Dispatch B == == ==—== ——=eittds — |

Capacity Planning NiyFac= = = ——-=__—=——h N

Finance 071 ks N N B WA

Packaging 060 I

Inventory Management 047 (NIRRT

Maintenance Management MU == ]

Prod Planning & Control RIET A== o i

Shop Floor Control 036 I

Inconsistency = 0.04
with 0 missing judgments.

Figure 7.6 Innovative Manufacturers priorities in decreasing order of importance

e

In order to shift busincss from the existing cnvironment to a more viable place, the
following table is used which is made according to prioritized results {or cach type of
manufacturers i.c. Protector, Offensive and Innovative respectively.

As discussed earlier in chapter 5 that Valuc Analysis (VA) 1s the systematic application
which is used to identify the function of a product or service, establish a monctary value
for the function and provide the necessary function reliably at the lowest cost. Value can
be inercased cither by increasing the importance for the same cost or by decrcasing the
cost for the same utility.

Let; I = Importance; C = Cost Thercfore; Value = I/ C. The information collected is on

the basis of importance versus cost out of hundred percent (%). Importance at operation
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[, 2, wanis L. Lo,y L respectively, Similarly related cost at operation 1, 20 0. onis O
Ca,... Cj3 respectively. There are thirleen departments/activities cngaged for the
manulacturing of automobile parts. Department’s importasce and corresponding cost as

given in Table 5.4 in chapter 5, VA graph is drawn as shown in [igure 7.7 below:

i portance Vs Cost
25 —
4"./
0
@
< 10 1 5 )
E 10
= -
a
10
1% “/
5 _‘;}/"‘&.
0 T T — g
U 5 16 15 20 25
Cost

Figure 7.7 VA applied in innovative stage
Four departments which require consideration are shop floor control, product
development, supply chain management and inventory management in which cost is
more than importance as they lie below the line in figure 7.7. It is required to carry out
detatled VA amalysis using tear down approach for identifying causes. By carrying out
detailed analysis within the departments for innovative manufacturers can improve

satisfaction level of customers at reduced cost.
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Table 7.5 Summary of strategic level results

S.NO |PROTECTOR OFFENSIVE INNOVATIVE
I: Production Planning & Quality Assurance Quality Assurance
Control
2 Capacity Planning Product Development Product Development II
I3 Inventory Management Maintenance Management | Supply Chain "
Management i,
4. Shop IFloor Control Shop I'loor Control Marketing Jll
I 5. Maintenance Capacity lanning [uman Resource 1;
Management Management |
6. Quality Assurance Production Planning & Sales & Dispatch i]
Control |
| 7. Product Development Inventory Management Capacity Planning B
8. Supply Chain Supply Chain Management | I'inance 5k
Management
9. Sales & Dispatch [Tuman Resource Packaging ||
Management
|, 10. [inance Marketing [nventory Management :I
{11 Packaging Finance Maintenance h
Management '
12. Human Resource Sales & Dispatch Production Planning &
Development Control
I3. Marketing Packaging Shop Floor Control

7.4 CONCLUSIONS

Based on prioritized results as given in table 7.5, there occur different levels of

hicrarchics i.e. most, modcerately, and least important. The following figure 7.7 show

different levels of hierarchies hasced on the results as tabulated in table 7.5,
e DProduction Planning and control is most important activity for protector

manufacturers, whereas quality assurance is equally important for both offensive



and innovative manufacturers respectively. This confirms that cven exceulives are

guite aware of their decisions at strategic level.

LEVEL 1

LEVEL 2

LEVEL 3

LEVEL 4

LEVEL S

LEVEL &

LEVEL 7

LEVEL 8

LEVEL @

LEVEL 10

LEVEL 11

LEVEL 12

LEVEL 13

PROTECTOR

Prcduction planning &

contrel

Capacity
Pianning

Inventory
management
|

Shop ficor
control

Mantenance
managament

Quality
assurance

Product
development

Suppl;a" chain
management

Sales/
dispalch

Finance

Packaging

Human resource

management

Marketing

Figure 7.8 Hierarchical levels

OFFENSIVE

Quality
assurance

Product
development

Maintenance
management

Shoﬁ floor
control

Capacity
Planning

Production planning &

control

Inventory
management

Supply chain
managerent

Human resource
management

Marketing

Finance

Sales!
dispatcn

Packaging
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Quality
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Product
development

Supply chain
management

tarketing

Human resource
management

Sales/
dispatch

Capécnty
Planning

Finance

Packaging

Inventory
management

iaintenance
management

Preduction planning &

control

Shep floor
control



e Capacity planning is the second most important activity for protector whereas
product development both for offensive and innovative manutacturers
respectively. This comes out that attention be placed on capacity building for
protector whereas emphasis should be placed on product development for
offensive and innovative manufacturers.

¢ Much attention should be paid on inventory management, maintenance
management and supply chain management by improving standards of forccasting,
data and using statc of the art techniques like IIT, Kaizan, and 35S for matenal
management.

e  Value Analysis (VA) as a tool assists inmnovalive manufacturers o increase
importance and reduce cost. [t has been found that shop tloor control, preduct
development, supply chain and inventory management s most costly-less
important  departments,  Value  analysis  tcar  down  approach  should  be
impiemented to [ind out less important and mostly costly activities, This help o
itnprove product by such innovation.

Whole business process activitics have been modeled and analyzed using AP (Expert
Choice softwarc®), The necessary information needed in this regard is filled up innx n
matrix. The judgments are recorded and calculated as shown in figures 7.1 to 7.6, Figure
7.2, 7.4 and 7.6 shows the prioritized most important business settings and are presented
in table 7.5. Production planning & control, quality assurance and product devciopment
are most important activities which affect business at each type of manufacturers. It is
thercfore imperative for manufacturers to keep special emphasis on production planning
and control issues at protector, quality assurance at offensive and product development
techniques at mnovative stage respectively. Given the strategic level decision making for
automobile industry, manufacturers should focus on most important issues otherwise

there future will be in jeopardy.
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CHAPTER 8
RECOMMENDATIONS AND FUTURE WORK

8.1 INTRODUCTION

This chapter concludes, recommend and discuss about new research avenues. In literature
review section, we identified that there exists a gap to address low cost, high quality with
more agile and innovative issues within a single framework. For this purposc. a
questionnaire was developed to identify manufacturers stated objectives, level of
manufacturing management practices, infrastructure and location of companics on PPMx
matrix. Three types of manufacturers were identified 1.e. “Protector’, *Offensive’ and
‘Innovative’ corresponding to low cost, high quality with morc agility and valued added
to delight customers, Strategics are proposed and a framework developed in this regard to
cope with existing manufacturing environment., The framework consisted of four phases
i.e. objective analysis, strategy formulation, model development/evaluation and
validation phase. A model is developed using manufacturing simulation as a tool. The
tool was selected because we were interested to obtain both time dependent and
numerical valued responses which help us to analyze behavier of system and give
recommendations to manufacturers. The framework was tested using data {rom case
companies and validated through discussion and sharing of the model results with
existing real lifc systems. The research significant findings, recommendations and {uture

work arc presented in the subsequent section:

8.2 SUMMARY OF RESEARCH

Manufacturing companies all around world are facing dynamic, turbulent and fast
changing environment due to time compression technologies, remarkable improvement m
product design and customer service. The same compctitive environmment faced by
developing countries like Pakistan is even more challenging. Many initiatives have been
taken for restructuring economy by increasing privatization and enhancing competition
but local manufacturing industry is still far away from global practices and standards.
This is because; Pakistani companies have paid very little attention to their shop floors.

This results in poor product quality, no awarcness of competition and non intcgration of
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various businesses such as marketing, sales, production cte. On the other hand, world
class manufacturcrs operating in global markets almost tend to have world class
performance.

In order to copc with this environment and to become competitive in the
marketplace, a rescarch questionnaire was developed. The questionnaire containing
questions related to manufacturer’s stated objectives, level of manufacturing management
practices, inf{rastructure and position/location of companics on PPMx matrix as advocated
by Hayes and Wheelwright (1984). It is concluded from survey exercise that companies
in strategic objectives have responded well, but actual practice is far from their stated
strategic objectives. So, having right objectives may not lead to superior performance, but
operating without them guaranteed to lead to competitive disadvantage. This call for
investigating issues to identify ways to become competitive in the marketplace.

A framework is developed consisting of objective analysis {capacity,
technology/manufacturing capabilitics and current market environment), strategy
tormulation (protector, offensive, innovative: with objective, operationalization and
continuum), model development/evaluation and validation phases. A simulation model is
devcloped using data from case companics. Experimentation is perfornied by changing
the base values (controllable design parameters) to sec its impact on performance
measures (output responses). Slopes of the functions (numerical wvalues) are then
computed using standard spreadsheet software. The wvalues are prioritized based on
decreasing order of sensitivity. Performance measurcs important for casc companics
related to three strategies arc discussed with the company’s management. The model
results are finally prioritized which are tried to achieve competitive edge. The theoretical
framework developed is generic as it can cope with any typc of discrete parts
manufacturing/assembling firms. The framework has flexibility to cope with low cosl,
high quality and innovative manufacturers systematically in an orderly manncr. Thus
presented framework provides manufacturers a sustainable solution for their survival in

marketplace and become competitive,
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8.3 SIGNIFICANT FINDINGS AND CONTRIBUTIONS
Manufacturing is the sccond largest sector of Pakistan’s cconomy. [ndustrics arc
classified into process and discrete parts manufacturing industries. Not much attention
had been paid in discrete parts manufacturing sector, so it 1s operating in low volume/sub
optimal manner (EDB 2006). Among discrete parts industry, automobile i1s ane of the
fastest cmerging and growth in this scctor has picked up over the fast few years.
Therefore, automobile discrete parts manufacturing industry is selected to identify sub-
optimality issues by proposing concrete workable solutions and corrective actions which
aid Pakistani manufacturers to become competitive. In order to assess manufacturing
industry environment, world class industrial models have aiready been studied and one
important matrix practiced {or analyzing industry is PPMx. PPMx has been in usc {or fast
threc decades or so and considered to be foundation; therefore, industrics volume versus
variety rclated information has been collected and plotted on this standard matrix. The
cluster showed low to medium volume manufacturing environment. So, rescarch work 1s
nceded to cope with this environment and a study has been focused to address this
important issue i.c. ‘how to cope with lovw to medinm volume- low varicty mamifacturing
environment in automohile indusiry of Pakistan’,

The major work done is identification of the core issues which hampers n
manufacturers to become competitive in the marketplace. The findings of the research are
both general and company specific which are beneficial for manufacturers in the long run

and incorporate them in business to become competitive.

8.3.1 GENERAL FINDINGS

A questionnaire containing of questions about manufacturer’s objectives, level of
manufacturing management practices, infrastructure and location/position of indusiry on
PPMx. The analysis of the questionnaire identified threc types of manufacturers i.c.

LProtectar’, "Offensive’ and “lanovative” which are unique and related names are used
cxists in research literature as discussed 1n chapter 4, These names had been identilied
after thorough review process so that more precise and generie terminologies for

representing ol manuthcturers fypes are obtained.
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A framework has been presented which uses; protector, offensive and innovative strategy
names. As discussed above those names of strategies are unique which is representing
type to manufacturers and close to reality. The framework starts with objective analysis
phase so that market situation is analyzed, existing manufacturing environment
information 1s assessed and industrial sector pre-requisites be obtained. This help to
develop objective settings. This phasc is followed by strategy formulation phase in which
the above stated names have been used now as strategics in which emphasis is placed to
become low cost, high quality with more agile and customer focused manufacturer
respectively. The strategies are than operational using traditional approaches like
balancing of production lines, minimization of waste times ctc as protector strategy:
using more agile and flexible systems for high quality and agility as offensive strategy:
and using value analysis for increasing value and decreasing cost of product as innovative
strategies for attracting and delighting customers.

A review of solution methodologies has also been presented in chapter 3 in which
use of simulation as a tool is justified at taclical level decision making process. The
simulation is carried out to analyze system and slopes of function from numerical valued
graphs are also obtained. The highest slope represent most sensitive and corresponding
values of the slopes have becn assigned score from 1 to 5 respectively (5 means most
sensitive and 1 least sensitive). The results are tabulated and paramcters prioritized for
each type of manufacturers individually. The way in which we have used simulation and
carried out analysis to find the most sensitive parameter is unique and is close to response
surface methodology (RSM).

The next step is to identify key activity over whole business process. The way
simulation experimentation is performed and identifying key parameters at tactical and
AHPD at strategic level is thercfore distinctive, AHP has been used for strategic level
decision making process. The way in which AHP has been used for prioritization is
unique to {ind out the relationship and importance of one indicator over the other using
pair-wise comparison. It is obvious that one who is involved in the process being asked 1o
judge pair-wise relative importance of onc indictor over the other may lead to

nconsistence results,
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It can be argued that scparate applications of simulation and AHP exists, but as explained
earlier that the way in which both are integrated within a single framework is distinctive
and any discrete parts/assembling industry can benefited from the framework. Therefore,
use of traditional approaches (bundle of approaches) using simulation at tactical and AP
at strategic level aid manufacturers in long run to take right decision making to become

competitive.

8.3.2 COMPANY SPECIFIC FINDINGS

Simulation as a tool has been used for modeling real world problem for many years. The
case company’s data has been collected and model developed, verified, validated using
sensitivity analysis and discussion with cxecutives. The use of balancing production line
and minimizing waste times streamlining production lines reducing cost per unit. Thus
minimization of wastes and other non productive times compel manufacturers to think
about lean production system; which is termed ‘lean and clean’. The use of flexible
process improves not only quality of product, but also compresses new product
development time. The resuit of the simulation at offensive stage confirms that usc of
flexible processes improves quality and is rated most sensitive in prioritization. This is
termed as ‘perfect first time quality’. The prioritized results in innovative stage advocate
of using morce flexible processes and improve value of product using value analysis
approaches like importance versus cost. This is termed ‘value added continuous
innovation’. The combined prioritization also show quality at the top and reinforce our
beliet ‘make it right-first time every time’.

Thus {rom above discussion company planning personnel should use simulation as a tool

for scheduling as it is utmost important to become world class manufacturer.

5.4 RECOMMENDATIONS
The following rccommendations are made for manufacturcrs which aid them to
understand and become competitive inn the world marketplace:
i The study is based on PPMx matrix (see, 2.2.1) which is geonerally considered as
foundation in the ficld ol manufacturing to become world class. The

manufacturers should understand the matrix and follow it for planning in future.
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The investiments should be made keeping in view ol the best mateh belween
product-process choices.

It s advisable that companics should use advanced manulacturing technologics
which is associated with superior performance and the process-product must be
followed (scc. 2.2.1)

Time compression (by minimizing waste time {from system) and cos! (reducing
per unit cost) are the primary motives to become competitive (scc, 2.2.2.1).
Auvtomobile industry is volume driven and certain mass i1s required to justify
production and our sharce in world total production is 0.3% (scc. 2.4.3), therefore,
volumes should be paid due attention which can be achieved by minimizing wastc
and non produetive times {rom the system. (Other than time and cost, agility (Ican
system + flexibility) are also important motives to become world class
manufacturers (scc. 2.2.2.2 and 2.2.2.2.1). The most important dimension which
should be focused is innovation, in which senior management commitment Is
required. Product and process innovation are the two corc arcas for investments.
Presently, manufacturers should teach (conducting seminars/training programs)
value analysis tear down approaches to industry personnel which help to improve
business by delighting customers at reasonable cost (scc. 2.2.2.3). Incorporating
innovation in the products also improve export to delight customers.

Various challenges faced by manufacturers are low technology basc; know how,
absence of R&D ete (sec. 2.4). The manufacturers asscss themselves where they
are locating in PPMx and then take corrective actions in a systematic manner to
utilize resources using traditional approaches, using flexible tools to become
customer {ocused manufacturers,

The manufacturers have rated agility as the second most important objcetive (see.
3.2.1), but are operating their business in traditional ways. It is recommended that
manufacturers should focus on lean and f{lexible issucs to become agile players.
The manufacturers know the importance of manufacturing management
techniques (sec. 3.2.2). The breadth and depth have been calculated in this regard,
but depth is very low (sec. 3.3.2) which identified that manufacturers are not

implementing them in shop floor. It is utmost important that manufacturers should
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use these management practices (sec. 3.2.2) in a systematic manner, The
management practices benefits are different for cach type of manufacturers. Tor
example, JIT should be usced by ‘offensive manufacturer’, optimized production
technology by the ‘protector manufacturers’ and activity based costing by the
‘innovative manufacturers’ etc. The applicability of each technique should be
assessed and implemented after comprehensive analysis of existing environment.
The manufacturers are facing problems of unrcliable vendor supplying raw
matcrial. This is a serious obstacle which hampers manufacturer to become
competitive in the world marketplace (see.3.2.3). The manufacturers should focus
on reliable vendors whoe provide zero defeets raw material and improve supply
chain.

Therc arc only few companics who have miniimized delects before rework
(sce.3.2.4.2). Standard cquipment and advanced manufacturing systems should be
uscd which not only improve quality, but also enhance {lexibility/agility and can
accommodate any variety (type/style).

Cellular manufacturing layout is considered as pre-requisite to compelte in world
market as such type of lavout can accommodate part types and styles. Each cell is
dedicated for the production of parts and similar parts can be grouped together in
the form of cells. It is recommended for the offensive/innovative manufacturers
who can be benefited {rom such implementation.

Longer setup times slow down pacce of production line and performance (scc.
3.2.4.4). 1t is rccommended to use flexible jigs/fixtures/flexible systems/ SMED
approaches to reduce effects of sctup times, This may help to minimize sctup time
by carrying out comprehensive analysis before implementation.

Ré&D and training of employees is also a week area which hampers manufacturers
to become competitive (sec. 3.2.4.5 and 3.2.4.6), It is suggested of establishing
training schoels financed by industry, Off-line cxperimentation and virtual tools
also help manufacturers to train man power on multi tasking skills.

Balancing of the production line (Puax) 0.75, 0.5 and 0.25 times basc run valucs
(sec. 6.3.1 Expt no 1) decreascs cost per unit, total production cost, reduces work

in process, waiting time and flow time, It comes out that traditional line balancing
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techniques like largest candidate rule, Kilbridge and Wester method and Ranked
Positional Weight (RPW) method must be implemented which can assign work
content cqually amongst workers, stream lining process to reduce per unit cost.
RPW can provide more practical results and considered as pre-requisite even in
manual and automated production/assembling processes (Grover 2001). It is
recommended to implement any line balancing technique to reduce cost of unit.
Changing hourly labor rate 2.0, 4.0 and 6.0 times base run value (sec. 6.3.1 Expt
no 2) significantly increases cost per part and total cost. Labor rate in product mix
environment complicates scheduling because in order to mect the varying
flexibility requirements at all times, work force are needed which is mixture of
semi-skilled, highly skilled and multifunctional workers. When a new product
comes in, the highly skilled group at higher labor rate s assigned to do task which
increases cost of part. Gradually, multifunctional and semi-skilled labor takes
over the charge of production. When both types of workers fullv understand pant
complications, lecarning time is reduced. This situation occurs both for ‘oftensive’
and ‘innovative” manufacturers, It is found that companies should have pool of
workers which include mixture of semi-skilled, multifunctional and skilled labor
force to cope with new product development/manufacturing. Therefore, emphasis
must be paid on human resource development and formation of groups (semi-
skilled, multifunctional and highly skilled labor force) to reduce wage rate cffects
on cost per unit.

Changing machine rate 1.5, 3.0 and 4.5 times base run values (scc. 6.3.1 Lxpt no
3) significantly increases cost per part and total production cost. Machine rale is
also found a scnsitive paramecter. To justify for using NC machines, production
lincs to be properly balanced, fatlures and jams minimized. Overcoming these
problems will lower the unit price and product manufactured from these systems
may get more shares in the market at competitive price. For ultra large production
volumes, transfer machines should be used with particular care taken for the
machine origin as machine rate - most sensitive parameter. Machine sensitivity

analysis is carried out and recommendations are given under TDS heading below.
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Changing matcerial handling time 0.5 and 0.25 times base run value (see. 6.3.1
Expt no 4) significantly effect flow times, non value added times and utilization.
The state of the art manufacturing systems can be justified here after detailed
market analysis. The systems like Flexible Manufacturing Systems (I'MS). Group
Technology (GT), Cellular manufacturing and some disintegrated forms of
Computer Integrated (CIM) can be implemented. This may help to reduce the
material handling/ transportation time at shop f{loor level and provide a
competitive cdge. The use of above stated systems are time compression
technologies and offer great advantages for manufacturers,

The most scnsitive factors investigated in our study are minimum or starting and
change in yield (sec. 6.3.1 Expt no 5&06) which can be controlled using various
quality techniques like acceptance sampling, control charting, gauging systems,
stage wise quality controls and total quality management philosophics. In mass
production systems, gauging technique can be used whereas in batch type
customization, total quality management is more appropriate. Use of advanced
manulacturing systems not only provide flexibility (vartety) but also improve
product guality by minimizing role of human. An analysis has been carried out for
finding most appropriate level of technology which justifies production as
cxplained 1n point iii. Attentions to be paid on both ‘starting or minimum yield’
and ‘quantity to be reworked’, as maximum benefits are associated with quality
related parameters. Thus, both yield related parameters which found the most
sensifive parameters, hence reinforcing our belief to ‘make it right, f{irst time
every time’.

Setup time reduction (sec. 6.3.1 Expt no 7) has been a detailed topic of research
over last few decades or so. An approach i.c. Single Minute Ixchange of Dies
‘SMED’, use of flexible jigs/fixtures, turret/capstan combination ete can be used
for reducing setup times. Its cffect has been witnessed on {low time and non vahue
added cost/time. In shop floor production, detailed analysis must be carried out to
combine operations on the production linc to reduce setup tune. Therefore,

SMED, flexible jigs/fixtures and combined operations lelp to reduce setup time.

204



xvil

XVill.

Reworking and fast reworking times (sec. 6.3.1 DIxpt no 8&9) can be
minimized/eliminated by implementing proper level of automation technology
like CNC as recommended in point 5. Training of the operator also play a vital
role, so linc operators should be properly trained and group be prepared ic.
mixture of trained, multi {unctional and semi skilled labor. When a complex part
arrives, work should be carried out by skilled workers, this is taken over by semi
skilled workers, once production got smooth. Lecarning curves phenomena
occurred and manufacturers should incorporate and focus their attention on these
issues so as to minimize reworking and fast reworking time,

Use of flexible systems (variety and volumes) has becen analyzed for the
respective stage and it is found that such systems not only improve product
quality, volumes, but also cnhance variety (for customized orders). As in
traditional mass production systems, the cmphasis is to reduce cost, but at
customized stage, due importance is given to varicty, In order to altract customers
and become world class players both in volume and varicty, attention should be

paid on volume and variety issues.

The following recommendations are made to identify sensitive level of technology when

companics will shift from manual to automated system. These are given below:

L.

ii.

Ll

Doubling the machine, labor, and overhead rate results in 2.3%, 16.6% and 0.51%
(sec. 4.2.2.2.2 table 4.2& scc. 6.4.2 table 6.6) mcercases in cost respectively, It
comes out that machine rate is the least sensitive (sec. 0.4.2 table 6.7) so cngine
lathes should be employed and labor rate 1s the most sensitive parameter which
can be controlled using as cheap labor as possible.

Doubling the machine, labor, overhead rates and number of sctups results 2.53%,
25%, 0.7% and 95% (scc. 4.2.2.2.2 table 4.2& sec. 6.4.2 table 0.0) increases in
cost respectively. Turret lathe should be used with comparatively large batch size;
much smaller number of setups can be obtained (sec. 6.4.2 table 6.7). Cost of the
labor to be given due priority since it is moderately sensitive in this casc.
Doubling the machine, labor, overhead rates and setup cost results (sec, 4.2.2.2.2

table 4,2& sec. 6.4.2 table 6.6) increase 74%, 0.53%, 18% and 71.8% in cost

respectively. We have adopted an alternate course of action making increase in
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batch size ten times which significantly decrcases 8§5% cost per unit and doubling
the batch size results in 40% decrease in cost (scc. 6.4.2 table 6.7). This means to
produce in as much large volumes batches as possible. Machine setup cost is also
a sensitive parameter investigated during analysis, and can be controlled by
employing a single sctter engaged for setting up a number of automatic machines.
Machine and overhead rate comes out to be the sensitive indicators {sec. 6.4.2
table 6.7). To justify for using NC machines, production lines to be properly
balanced, failurcs and jams minimized. Overcoming these problems will lower the
unit price and product manufactured from these systems may get more sharcs in
the market at competitive price. Tool changing time and cost of tool comes out to
be less sensitive, It docs not mean that it 1s unimportant but it means that tool-

changing time is less important than machine rate and overheads.

FFor ultra large production volumes, transfer machines should be used with particular carce

taken for the machine origin {(machine rate - most scnsitive) and tool material exponent

(n), being moderately sensitive. Tool life should be given duc consideration as it is {found

to be a sensitive parameter (sce. 6.4.2 table 6.7). Cost of tooling turns out to be

comparatively less sensitive paramecter, probably because of its small magnitude in

comparison with capital cost ol the machine

The following recommendations based on results as presented in chapter 7, table 7.4 for

wyrotector, oflensive and innovative manulacturers at strategic level for manulacturers
2

respectively are:

1.

Production planning & Control and quality assurance issucs arc rated as most
mportant ol strategic level 1 is evident that manufacturers should focus on
production planning and quality assurancc issucs, This would be achieved using
conventional approaches like work load control, line balancing algorithins and
Kaizan, 58§ ete at shop floor.

Use of flexible svstems lie CNC, NC and transfer machines not only mitigate
capacity constraints issues on one side, but also help in produet development with
CAD/CAM integrated {catures. Other than above stated systems, quality related

tools like gauging systems for mass production, control charting. acceptance
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sampling, total quality management, zero defects approaches should be used
which can eliminate waste {from system,

In order to reduce lead and product development time, flexible processing and
time compression technologies like rapid prototyping machines, 3-1D scanner, and
coordinate measuring machines should be used which provide fastest
development time.,

Manufacturers should locus on manufacturing management systems for material
management and supply chain management issues. This would be achieved by
implementing MRP-T and 1. To minimize new material and finished goods
inventories, the reliability of vendors are important (zero defect stage) which will
cut a lot of waste from the system,

Office automation tools and implementation of CAD/CAM in ARIS architecture
should be understood in order to implement different hierarchies of ARIS within
the organization,

Special attention should be paid on human resource development as it 1s found
sensitive for innovative manufacturers. Simulation courses. off-line machine
practice for new product development, making models in rapid product machines,
learning of CAD software, training on advanced systems, seminars would help

them to learn about latest tool/ techniques.

8.5 RECOMMENDATIONS FOR FURTHER STUDY/FUTURE WORK

The following recommendations arc proposed for carrying out {urther study/futurc work:

i.

The framework presented has been tested for industrics focusing on
manufacturing whercas it is equally applicable in asscmbling, scmi conductor
manufacturing and any other discrete parts manulacturing. The framework should
be tested in such types of industries too for validation,

Three types of manufacturers, cone type strategy trade-off diagram and
characterization bhave been presented. However, work can be donc on
development of expanded cone type strategy diagram in which previous benefits

of tools used associated with each type of strategy are linked with prior ones.
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i1, Simulation as a tool has been used for operationalization of strategics. Model 1s
developed and coded in manufacturing simulation platform. ixperimentation is
performed by changing the mput design paramelers to analyze effects on output
variables. Different responses at each level are achicved just like the case of
Response Surface Methodology (RSMj). The major work is to oblain the
optimized parametne valucs: thercfore simulation based optimization can be used
in such cascs, Process Analyzer and OptQuesti® are the separate platform which
can be used to obtain optimized results at tactical level.
iv.  Other types of discrete parts industries with many levels of hicrarchies can use the
model and {ramework both in 1actical and strafepic level decision making process.
The ndustries include fans, pumps, air conditioners. heaters, washing machines
cte can be benefited with presented framework and simulation moedel.
v.  Comprchensive SWO'T analysis be considered belore designing questionnaire,
effect of product lifc eyele and demographic of sector can also be studied.
8.6 CONCLUDING REMARKS
The goal of the study i1s “Coping with medium Volume-Low Variety manulacturing
environment in automobile industry of Paldstan’. The above mentioned siratepies,
framework, tools used meet all the staled requirements up to quite satislactorily extent as
results [rom simulation tests confirmed our framework. The major contribution i our
work 1s to conduct a survey in automobile scetor {as no significant work has been found
i international literature for utilization by manufacturers). analyze existing scenario 1o
identify type of manufacturers and supgest concrete workable solutions in the form of
strategies which can aid manufacturers in their long run to become competinve {local
OLM. replacement and export markets) in the marketplace. Pakistant manufacturing
industries especially automobile (as one ol fastest growing sceter) or any other discrete
parts industry should f{ocus on issues of competitiveness in the near future by followmg
the framewaork presented other wise their future would be injeopardy.
By conducting  comprefiensive  survey. identifving  fypes of  maingfactisers.
prapoxing strategies for each archetype, modeling (ools cnd generic frameworks (for any
fvpie of diverete parts brdasiry), we have actially coped sweith medinm volumie- Tone variery

manufacturizg eaviromnent in automobile indusiry of Palistan.
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Appendix /

RESEARCH QUESTIONNAIRE

Section A
Q1. What are fotal production volumes (parts / products manufactured)?
Parts / Products per year

Q2. What are different product varieties (all types) produced / year?
10 15 20 30 40 50 &0 70 80 90

Q3. How many parts / preduct types are most frequently run on preduction line at a time?
1 2 3 4 5 8 10 15 20 30

100

Q6. How your manufacturing systems accommodate design changes of preduct within same product class?

50% 55% 60% 55% 70% 75% 80% 85% 90% 95% 100%

Q4. What is the Plant installed capacity?
Parts per year

(5. What is the overall system utilization basad on installed capacity?

50% 58% 50% £5% 70% 75% 80% 85% 8C0% 95% 100%
Q7. Which of the following is the most sensitive in your system?

Labor rate Setup time {for changeovers) Machine rate
Q8. Far streamlining of operations, Line Balancing technique is implemented in your company?

Yes No Partially Unaware of this technique

Section B

Q1. Which Quality system your company is practicing?

Acceptance sampling  100% inspection Centrol charts  gauging system TQM  6-Sigma
Q2. Is company 1503000 certified?

Yes NO In progress
Q3. What is the average defect rate in your organization?

0% 025% 05% 1% 1.5% 2% 25% 3% 35% 4% 5%
Q4. What s the average scrap rate of ycur organization?

0% 025% C5% 1% 15% 2% 25% 3% 35% 4% 5%

Q5. Which of them are used for machine replacement decision making?

Machine history Management guessing  Process Capability Analysis
Q6. What is the fixed cost of your system?
Small Medium High Very High
Q7. What is the variable cost of your system?
Small Medium High Very High
(8. What is the cost of tocling in your system?
Small Medium High Very High
Q9. What is the unit cost of the product?
Small Medium High Very High

Q10. What is the cost of reworking of parts in your system?
Small Medium High Very High

Above 5%

Above 7%

Q11. What amount of mass storage quantities are authorized by the system? (Percentage by total stock by value)

Small viedium High Very High



Appendix A
Q12. Break Even Analysis (BEA) is being practiced in your company as technigue for selection of appropriate technotegy”

Yes Ne Partially Unaware of BEA
Section C
Q1. Research and Development activities are being carried out in your company, at what level?
Very Low Low  Moderate Moderate to High High  Very High
Q2. Activity Based Costing (ABC) is carried out in your company? (Hint: ABC is Calculating cost at each aclivity / stage)
Yes Mo
Q3. What amount of delicate components storage is authcrized by the system? (Percentage by total stock by value)
Small Medium High Very High

Q4. What is your response on customized products within same or different preduct class?
Quick respense Moderate response slow resconse

(5. What are the learning opportunities for workforce in your arganization?
Very Low Lo, Moderate High  Very High

(6. Whatis the training expenditure cf manpower as percentage of turnover?
0% 20% 30% 40% 50% 60% 70% 80% 90%  100%

Q7. How many numbers of new parts/ products are manufactured / infreduced each year in your crganization?
Parts each year

Q8. Do you have separate Value Addition department for increasing Value and Decreasing Cost of product?
Yes No Unaware of VA technique

Q9. What is the fatigue in work life of cperator (where cperator leams and releamns frequently) OR operators are rained with
different part types your company is manufacturing?
Yery small Small Medium High Very High

Q10. Is your organization engaged in exporting parts, if yes, what is percentage over total parts/ products made?
(percentage)

Q11. What are major problems/hurdles faced by you

Q1. Please rate strategic objectives using scale from 1-5 (1 = not important, 2 = least impcrtant, 3 = moderately
impertant, 4 = Important and 5 = very Important)

» Capacity utilization

o Waste reduction

» Supply Chain management

» Quick response to customers

e Agile manufacturing

» Innovalive preduct development

Q2. At what level following manufacturing management practices are followed in indusiry using a scale (1 = not
familiar with, 2 = not considering, 3 = ccnsidering, 4 = practicing for the (ast 1 year and 5 = practicing for more than
1 year):

e Justintime



Appendix A
o  Optimized Preduction tools
» Group Technology
» Value Analysis
o Activity Based Cesting
e Break Even Analysis
» Total Quality management
»  Process Capability Analysis
» Advanced Manufacturing system

Contact Person Name:

Name of Qrganization/Company:
Address:

Tel Phone No:
| Fax No:

,:f E-Mail;
| Web Site;

| Total number of employees;
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Manufacturing Competitive Strategic Framework for Discrete Parts in
Automotive Industry
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University of Engineering & Technology, Taxila
Pakistan.
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Abstract
The success of manufacturers in meeting the global challenges depends on low cost, high quality
and product diffcrentiation to delight customers. The environment facing by many developing
countries has become even more compiex. To become competitive, manufacturers nced to
acquire world class performance, This paper presents manufacturing competitive sirategies for
discrete parts in automobile industry of Pakistan. The paper presents a survey to identify
manufacturer’s types and manufacturing management practices. The findings show  that
comparnies are practising far from global standards which hamper their becoming competitive. A
framework 1s presented consisting of strategics which are divided in terms of their typology.
referred to as ‘protector’, “offensive’ and ‘innovative’ corresponding to low cost, high quality
and product differentiation altributes, A simulation model is developed  with  important
performance measures obtained from case company which help managers in decision making

process. The final prioritization helps to identify most sensitivity parameters in business settings.

Keywords: Customer focused; Competitive strategics; Discrete event Simulation; Innovation.
Introduction

Time based competition, improved processing technologics and [aster customer service is
offering unstable and dynamic manufacturing environment. The survival of these companies
depends on coping with dynamic market demand by effectively managing marketing, finance
and decision making process This requires taking right decisions at the right time which reguire
timely related decision process and utilization of information (resources) to coordinate between
activities 1.e. design, manufacturing, marketing, financing, distribution to achieve specific

corporate objectives,
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Technology driven strategy (TDS) using machine automation cost in
discrete parts manufacturing
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ABSTRACT

The success of Pakistani manufacturers in meeting the global world challenges will
depend on its speed in moving from protected domestic to world class global
manufacturing status. To face world challenges, three manufacturing strategics devised
in chronological order are: cost cutting, technology driven and value enhancement which
uscs world class practices tools, and metheds and techniques in a systematic and
cohcrent manner with a stcpwise refinement approach. The present work deals with
technology driven strategy by analyzing five levels of automation, including engine
lathe, turret lathe, automatic machines, numerically controlled machines (NC), and
transfer machines. A proposed framework is tested using real life data from discrete parts
manufacturing industrics processing similar types of parts, Standard mathematical
routines already developed are coded in spreadsheets and analyzed by carrying out
sensitivity analysis on different process parameters. A comparison of these functions
allowed identification of the most, less and lcast sensitive process parameters, Process
parameters were then prioritized based on highest order of sensitivity at cach level of
technology. A simulation model so developed will help manufacturers to make informed
decisions in selecting the most appropriate manufacturing systems bascd on process
paraincters.

Keywords: discrete parts manufacturing; machine automation cost; mathematical
simulation; sensitivity analysis; technology driven strategy

INTRODUCTION AND BACKGROUND

Devcloping countries are facing tremendous pressurcs and challenges due to more
turbulent, dynamic and complex competition in the marketplace. A combination of both
external and internal factors like wcak infrastructure. foreign debts, increasing
inequalitics between individuals and geo-political enviromment have prevented many
countries from achieving signiftcant socio-economic improvement over the last decade.
Some developing countries like Pakistan have made economic management their prime
agenda and thus are going through the process of restructuring their economy to
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Abstract

Pakistani automobile industrics arc facing very tough competition of cost, quality
and responsiveness with others manufacturing companies of Far East region. It is argucd
that automobile scctor is operating in low volume- very low varicly manufacturing
cnvironment. Systems like mass customization and world class manutacturing are uscd
now-a-days, but it is practically difficult to implement thesc systems directly to cnhance
productivity and quality without adeguate information about current processes and
systems. To cope with this situation, we have proposced three manufacturing strategies for
low production volume - low varicty manufacturing environment. These strategies are:
good governance (cost cutting stratcgy), automation (quality improvement strategy) and
export (valuc cnhancement strategy). The three strategies arc mutually mclusive - a
subscquent strategy assumes that the previous strategy has been executed carlicr and its
benefits/ results still exist when the subscquent strategy is implemented. The perceptible
impact of thesc three strategics lies in attaining the far reaching key performance
measurcs/indicators. For this purpose, a questionnaire has been developed for the
characterization of key performance measures which are related to these three strategics.
The major performance measures for the questionnaire are (but arc not limited 1)
Productivity (P), Flexibility (F), Innovation (In), Quality (Q), Cost {C), Inventory (1),
Customer relations (R), Safcty (S), Morale (M), and Compectitive advantage (A). The
questionnaire has been distributed to some major automobile companics cngaged in the
business i.e. local parts manufacturers. The results of such characterization would help to
identify the present status of automobile industry and how proposed strategies are related
with cach other, Macro and micro level strategy using performance value analysis as a tool
1s also presented to obtain prioritization.

1. Introduction

To be competitive in the market, manufacturing systems like mass customization, world class
manufacturing etc has cmerged and many industrics of the world are practicing these systems. It is
practicaily difficult to mmplement advanced systems directly to improve performance m our
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Strategies for Low Production Volumes - Low Variety Manufacturing
Environment for Automobile Industry — A Normative Approach

MIRZA JAHANZAIB* & Dr. KHALID AKHTAR
Mechanical Engineering Department
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Taxila, 47020
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Abstract: - A normative approach for coping with low production volume — low varicty manufacturing
environment for the automobile sector of Pakistan has been presented. Basic industrics include process and
discrate parts manufacturing. Process industries are meant for mass procduction with very limited variety. These
industries have unique product line of processes, routings and planning, where as discrete parts manufac{uring
industries have many different models in their product line. For cconomic manufacturing, the optimum
combinations of Volume — Variety exists i.c. job shep, batch production system or mass production, In this
paper, the authors have locked at the typical production volumes and varieties ol the disercle part
manufacturing in Pakistan and have argucd that there exists very low variety and low production volumes lor
this particular sector, This is obviously uncconomic because they are operating below the break-even quantities.
This calls Tor investigating ways and strategics to effeclively cope with the situation. A triple stralepy
normative approach has been sugpested.  The three strategics are not mutually exclusive o subseguent
sirategy assumes that the previous sirategy has been executed carlier and Hs benefits/ results still exist when the
subsequent strategy is implemented.  The three proposed strategics wrer A good governance (cost cutting)
strategy, un awtomation (lechnology driven) strategy and an export (value adding) strategy,

=

Key-Fords: - Manufacturing strategics, Ilexibility, Line balancing, Volume- Variety, Value Analysis, Quality

I Introduction

Pakistan manufacturing sector is passing through a
very tough period as WTO regulations will be
implemented in 2007. Manufacturing is the second
largest sectar contributing more than 17% of the
GDP and engaging more than 11% of employed
labour force in Pakistan. The growth in this sector
has picked up during the last couple of years from
1.4% in 1999-2000 to an average of 4.4% during
2003-2004 [1]. Major contribuiers to this sector
include textile, engineering goods, leather and
automabiles manufacturers.

Manufacturing Industries can be classified into
Process  Industries  (PI) and Discrete  Parls
Manufacturing  Industries  (DPMI).  Process
industries are mass production industries, which
have dedicated production of single items. On the
other hand discrete parts manufacturing industrics
can have many products types/ styles with flexible
routings. The automobile industry falls in the
category of discrete parts manufacturing industries,
Unfortunately, not much attention has been paid to

discrete parts  manufacturing  sectar particularly,
automobile (this being one of the growing sector)
and it appcars that it is operating in a sub oplimal
manner. It is thercfore necessary o investigate
effective ways and means for coping with the
situation, We have presented a normative model,
using Volume-Varicty model by sugoesting three
strategies tor coping with this unecononiic situation,

In section 2, we present the data collection and
discuss Voluime- Variety model, Then, we present
the triple strategy approach in section 3 and finally
draw our conclusions in scction 4,

2 Data Collection and Analysis

Annual preduction figures for major end products of
automobiles industries are given in Table |, These
end products assemblers depend on the different
parts  manufacturing  vendors.  These  parls
manufacturers are the majer auto parts suppliers 1o
end product assemblers, These parts producer
manufacturers  (supplicrs of the end prodocts
assemblers) can be classified into fhree major
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DCear Mirza Jahanzalb,

Cengratulations! Upon review of your very interesting paper by the organizing committee, we
feel it wilt make an important contribution to the conference. We are pleased to anncunce that
the paper titled "Coping with Low Production Volumes and Very Low Variety in Pakistani
Automobile Industry — A Normative Medel” by Mirza Jahanzaib and Dr. Khalid Akhtar has been
accepted for both presentation at the conference and submission into the FAIM 2005
proceedings.

In order to include your paper in the conference proceedings, please complete the following by
May 10, 2005,

1. Copyright Transfer
2. Conference Registration

Detalled instructions can e found at http:/Aew faim2005 deusto.es/ (go to Submission and
Registration sections).

The FAIM 2005 organizers committe kindly invites you to attend the conference and present
your paper in person as a speaker during July 18-20, 2005 in Bilbac. However, FAIM 2005
organizers will not provide any financial support to your trip.

Thank you again for your participation in what we think will be an cutstanding conference. We
lock forward to seeing you in Bilbao.

Regards,

Esther Alvarez
FAIM 2005 Chairperson
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Dear Author(s),

Thank you for your paper submission and vour interest in APIEMS 2005 and its affiliated
confercnces.

Submission 1D: 2223

Paper Title: ON TESTING MANUFACTURING STRATEGIES FOR COPING
WITH LOW TO MEDIUM PRODUCTION VOLUMES -VERY
LOW VARIETY ENVIRONMENT FORAUTOMOBILE
INDUSTRY OF PAKISTAN

Author: Mirza Jahanzailb, Dr. Khalid Akhiar

We are pleased to inform you that based an the comments of the reviewers, your paper has
been accepled for oral presentation at the Conference preferably under the following
Thematic Areads):

Business and Economices
and for publication in the electronic Conference Proceedings.

Please submit your paper (up to 10-pages) on or before August 1, 2005 at the Jatest. In
preparing yvour paper, we recommend you to use the same attached guidelines of the Journal
of Philippine Industrial Engincers.

Please note that we will only accept electronic submission of your paper (in Acrobat PDI or
Microsoft Word Format). [t should be noted that publication of your paper in the
Conference Proceedings is conditional upon Conference registration by at least one of the
paper's authors by August 1, 2005, Withiout an auther's registration by August 1, 2005, the
paper will not appear in the Conference Proceedings. Moere information about the
Registration process will be available online in July 2005,

For hotel information please visit the website wiyww. apiemsmantla.com, Travel and Hotel
Section. You are strongly encouraged to book accommodation at your carliest convenience
through our secretariat for we have arranged a special rate with the Mandarin Oriental Hetel
for the conterence partictpants. Fach lecture reom will be equipped for PowerPoint
presentations,



This notification letter also serves as an official invitation for you to apply for a visa to travel
to the Philippines.

Your contribution to APIEMS 2005 and 1ts affihiated Conferences 1s very much appreciated,
and we look forward to welcoming you in Manila where we are confident that you will find

vour participation rewarding and enjoyable.

Kindest regards,

Dr. Anthony 5.F. Chiu

Professor, De La Salle University Manila
APIEMS 2005 Conference Chairmar

PIE Trustee in Charge of APIEMS Conference
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On Testing Manufacturing Strategies for Coping with Low to Medium Production
Volumes -Very Low Variety Environment for Automobile Industry of Pakistan

Mirza Jahanzaib', Dr. Khalid Akhtar?
'Mechanical Engineering Department
University of Engincering & Technology
Taxila, Punjab, 47020, Pakistan.
Balia Universily, Islamabad
Abstract

Pakistan Manufacturing scctor is facing very tough competition after 2005 WTO implementations.
Manufacturing is the sccond largest seclor of the cconomy contributing more than 17% of GDI' and
engaging 11% of employed labor force in Pakistan, The basic manufacturing industries can be classified
into process industry (P1) and discrete parts manufacturing  industry (DPMI). Process  industiies
(oil/petrochemical etc) are mass production units with very limited varicty. Thesc industries have dedicated
product line with fixed processes, routings and planning, whercas, discrete parts manufacturing industrics
are more {lexible in terins of production volumes and varictics. I'or cconemic manufucturing. the optinuim
combinaticn of Yolume — Variety exists i.e. job shop, batch production system or mass production. . I this
paper, the authors have looked at the typical production volumes and wvarictics of the discrete part
manufacturing i Pakistan and have argued that there exist very low variely and low to medium production
volumes for this particular scctor. This is obviously uneconomic and calls for investigating ways and
strategics to effectively cope with this situation. By taking a case of automobile part vendors (this being a
growing sector), we suggest a triple strategy approach. The three strategics are not mutually exclusive —a
subsequent strategy assumes that the previous strategy has been exceuted earlier and its benefits/ results
still exist when the subscquent strategy is implemented. The three strategies are: A good governance (cost
cutting) strategy, an automation (technology driven) strategy and an export led (valuc adding) sirategy,
Using real life data from Pakistani automobile part manufacturcers attemipt is made to test {he thyee
strategies. The results indicate that @ major scope for using techniques hikes line balancing, activity based
costing and value enhancement, exists. The extent of improvement has been shown by case studies al
alternative production lines (i.c. comparison of a traditional production line having large numiber of
machines with that of a flexible line involving a much smaller number but versatile machines). Using
value analysis has helped in identifying less rewarding operations/ processes and obtaining prioritization of
required improvements in the design of product and process.

Key Words: Manufaciuring strategies, Production Volume, Product Varicties, Manufacturing Flexibility

1. Introduction

Manufacturing is the second largest sector contributing more than 17% of the GDP and engaging more than
1% of cmpleyed labor force in Pakistan. The growth in this sector has picked up during the last couple of
vears from 1.4% in 1999-20060 to an average of 4.4% during 2003-2004 [1]. Major contribulors to this
sector include textile, engineering goods, leather and automobiles manufacturers. Since, Industries can be
classified into Process Industries (P1) and Discrete Parts Manufacturing Industrics (DPMID). Frocess
industries produce dedicated parts with fixed routing: on the other hand discrete parts manufacturing
industries can have many parts with flexible routings. Not much attention has been paid to discrete parts
manufacturing sector and it appears that this sector is operating in a sub optimal manner. 1t is therefore
necessary to investigate effective ways for coping with this sitvation,

2. Data Cellection and Analysis

1 Mirza Jahanzaib: Tel.: {92} 51-9047668 ; Fax: (92) 51-9047420 ; E-mall: mirzajahanzaibfdyahoo.com
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