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Abstract The major challenge of today’s manufacturing

industry in tackling demands for a wider range of products

with short life-cycle times and meeting customisation re-

quirements has drawn considerable attention towards

flexibility in manufacturing systems. As a prominent part of

a manufacturing system, an assembly system provides a

platform for increasing efficiency while delivering various

market demands. However, owing to the dearth of a unified

and clear definition of the constituents of flexible assembly

systems, in both theory and practice, the recognition of

flexibility in assembly systems still remains elusive. In

order to establish a sound base for discussing the con-

stituents of flexible assembly systems, this research paper

explores the literature concerning flexibility in manufac-

turing and assembly as well as in flexible systems man-

agement domains. To reflect an industrial perspective, a

multiple case study of five manufacturing plants in the

heavy vehicle industry is performed. By identifying six

essential constituents of flexibility in assembly systems, the

study proposes a clear definition of flexibility in assembly

systems which mainly revolves around mix and volume

flexibility. To further enhance the findings, the com-

patibility of a few previously identified types of manufac-

turing flexibility in the assembly systems of the case plants

is investigated and additional dimensions of flexibility in

assembly systems are revealed. Finally, the implications

for theory and practice as well as suggestions for future

research are discussed.

Keywords Flexibility � Flexible assembly �
Flexible manufacturing � Mixed-model assembly

Introduction

Increasing customer demands for various types of products

often accompanied by short life cycles have directed

manufacturing companies towards mass customisation and

the introduction of a wide range of products to gain a

competitive edge in the market. To cope with these chan-

ges, ‘‘flexibility’’ has emerged as an enabling tool for

performance excellence that offers competitive advantages

(Zhang et al. 2003; Lloréns et al. 2005; Mishra et al. 2014).

The basic competitive priorities are generally considered

by academics and professionals to be quality, delivery,

price, and flexibility (Olhager and West 2002). In fact,

flexibility has a recognised role in supporting the other

three competitive criteria such as cost, quality, and delivery

(Bolwijn and Kumpe 1990). Additionally, flexibility

positively impacts on providing an environment for pro-

duct innovation in manufacturing plants (Oke 2013).

Over the last three decades, manufacturing flexibility

has been under the spotlight and has been discussed by

many scholars. However, the discussion around flexibility

started long before this, as early as in the 1930s by Stigler

(1939). Over the years, many research studies have been

carried out focusing on flexibility in a manufacturing

context, identifying different types or dimensions of flex-

ibility, and various approaches towards their measurement

(see e.g. Beach et al 2000a; Vokurka and O’Leary-Kelly

2000; Koste et al. 2004; ElMaraghy 2005; Ali 2012; Jain
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et al. 2013; Dubey and Ali 2014). The number of publi-

cations shows an emerging significance of research in the

field of manufacturing flexibility in subsequent years, the

number of studies growing to almost three and half times

during the period of 2008–2013 compared to the period of

1987–1995 (Mishra et al. 2014). The recent reviews carried

out on manufacturing flexibility in the 2000s, highlighted

the fact that despite the extensive amount of work per-

formed, there still remained a lack of complete under-

standing of the concept and pointed to future research

opportunities (Wilson and Platts 2010). Considerable re-

search is necessary before we can arrive at a general,

empirical understanding of the actions managers should

take to improve the various facets of flexibility (Upton

1997).The emerging significance of flexibility is not only

limited to the theoretical research in the area, but stems

from the needs in industry as well. The focus of the

manufacturing companies in the competitive environment

is shifting towards flexibility. For instance, the recent

findings in Renault’s manufacturing strategy focuses on

new paradigms away from inflexible one-plant/one-vehicle

policies towards highly flexible machines and manufac-

turing platforms that are capable of producing multiple

products (Jain et al. 2013).

Since assembly is a key subset of manufacturing sys-

tems, the shift towards flexibility in manufacturing com-

panies also raises the importance of flexible assembly

systems for manufacturing companies. Flexible assembly

lines are gaining significant value due to their practical

importance and theoretical challenge (Barutçuoğlu and

Azizoğlu 2011). Although flexible assembly systems have

not been as widely discussed in the literature as flexible

manufacturing itself, despite their importance, they appear

to suffer from a similar ambiguity regarding the concept

both in theory and practice. The research studies carried

out in the domain of flexible assembly systems have mainly

approached the design (see e.g. Lee and Stecke 1996;

Bukchin and Tzur 2000; Kumar et al. 2000; Edmondson

and Redford 2002; Nakase et al. 2002; Barutçuoğlu and

Azizoğlu 2011) and the balancing and scheduling (see e.g.

Zha et al. 1998; Sun et al. 2002; Sawik 2004; Zhang et al.

2005; Guo et al. 2008; Vincent et al. 2014) issues of

flexible assembly systems. While a few research works

have briefly defined the flexible assembly system they have

focused on, they neither propose a clear picture of that

flexible assembly system nor define its constituents. This

has impacted the attempts to design flexible assembly

systems and has turned design into a complicated activity.

The selection and design of flexible assembly systems is

considered to be a very challenging task (Rosati et al.

2013). A proper understanding of the constituents of flex-

ibility is important since it facilitates achieving flexibility

in assembly systems through its different facets for

manufacturing companies. However, no previous research

work provides a clear definition of flexible assembly and its

essential constituents based on the practices in industry.

The objective of this paper is to provide an empirical

definition of a flexible assembly system -stemming from

the existing practices in industry- and to identify key

constituents of flexibility within assembly systems, through

a case study performed in five manufacturing plants. The

paper has been organised as follows: by reviewing a variety

of previous research, an overview of the three research

areas of flexible systems management, flexible manufac-

turing systems and flexible assembly systems is presented

(‘‘Underpinning Theory of Manufacturing Flexibility’’

section) to form a theoretical background for the case

study. Then the methodology of this research is described

(‘‘Research Methodology’’ section) and followed by the

empirical findings from the cross-case synthesis (‘‘Em-

pirical Findings in Cross-case Synthesis’’ section). Final

discussion around the findings of the research is offered in

‘‘Discussion’’ section. The conclusion, remarks on the

limitations of this study and a few suggestions for future

research are presented in ‘‘Conclusion’’ section.

Underpinning Theory of Manufacturing Flexibility

Focusing on the topic of flexibility, the theoretical back-

ground of this study covers the concept of flexible systems

management (‘‘Flexible Systems Management’’ section),

flexible manufacturing systems (‘‘Flexible Manufacturing

Systems’’ section) and flexible assembly systems (‘‘Flex-

ibility in Assembly Systems’’ section).

Flexible Systems Management

A synthesis of thesis and antithesis, by exercising freedom

of choice, exhibits ‘systemic flexibility’, which is the basis

of an evolving paradigm, namely flexible systems man-

agement (Sushil 1997). The research developed in the area

of flexible systems management, regards flexibility pri-

marily as a managerial task. Flexibility has many dimen-

sions: firstly, flexibility is perceived to be a managerial task

(Sharma et al. 2010). According to this school of thought,

flexibility is not merely related to technology but flexibility

is more deeply rooted in the strategic management pro-

cesses of organisations (Sharma et al. 2010). Connected to

the issues of change and continuity, (Sushil 2012a, b)

suggested a typology of strategies for different combina-

tions of continuity and change forces acting on an enter-

prise, out of which the flowing stream strategy is further

developed and presented in terms of its principles and key

strategic channels. Consideration of the managerial aspects

of flexibility provides an important facet through which
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flexibility in manufacturing and assembly systems could

also be regarded.

Flexible Manufacturing Systems

The reviews conducted on manufacturing flexibility, [e.g.

(Beach et al. 2000a; Terkaj et al. 2009; Jain et al. 2013;

Mishra et al. 2014)] reflect the amount of efforts made in

the last three decades to define and categorise flexibility.

The early works made by Browne et al. (1984) and Sethi

and Sethi (1990) are still considered as the solid founda-

tions of manufacturing flexibility research and are exten-

sively referred to in the recent research works. Browne

et al. (1984) defined eight types of flexibility and discussed

the measurement of each type. In a comprehensive survey

Sethi and Sethi (1990) noticed over 50 different terms for

various types of flexibility in manufacturing literature and

thus described flexibility as a complex, multidimensional,

and a hard-to-capture concept. Following the remark made

by Sethi and Sethi (1990), other researchers also empha-

sised the complex nature of flexibility (Upton 1994; Gupta

and Buzacott 1996).

In an early definition Gupta and Goyal (1989) discussed

the fact that flexibility is important to accommodate changes

in the operating environment and can be utilised as an

adaptive response to unpredictable situations. In addition,

flexibility ensures that the manufacturing process is both cost

efficient and effective in the sense that it can produce cus-

tomised products without sacrificing either objective (Gupta

and Somers 1992). Adding to this definition, Upton (1994)

depicted flexibility as the ability to change or react with little

penalty in time, effort, cost, or performance. Furthermore,

flexibility is regarded as a means of providing a competitive

advantage for manufacturing systems (Bengtsson and Ol-

hager 2002; Zhang et al. 2003; Lloréns et al. 2005) which

could also support the other performance objectives such as

cost, quality, and delivery (Bolwijn and Kumpe 1990). A

flexible manufacturing system is an integrated system of

manufacturing machine modules and material handling

equipment under computer control for the automatic random

processing of palletised parts (ElMaraghy 2005). The con-

nection between manufacturing flexibility and strategy, as an

important aspect affecting the performance of firms, has

been discussed and proved to exist (Beach et al. 2000b;

Koste and Malhotra 2000; Zhang et al. 2003; Lloréns et al.

2005; Wadhwa et al. 2009; Esturilho and Estorilio 2010).

The strategic goals of an organisation determine the

manufacturing capabilities by means of which it will com-

pete in the marketplace (Koste and Malhotra 2000). In one

study by Lloréns et al. (2005) the impact of environmental

factors and internal resources on flexibility was investigated

and also the impact of flexibility on the performance of the

organisation was drawn to attention.

Flexibility is widely considered as the ability to change

and accommodate uncertainty (De Toni and Tonchia 1998;

D’Souza and Williams 2000; Vokurka and O’Leary-Kelly

2000; Giachetti et al. 2003; Van Hop 2004; Lloréns et al.

2005), and hence each sort and level of uncertainty has

been identified to call for a certain type of flexibility to

accommodate it (Beach et al. 2000a; Kara and Kayis 2004;

Gerwin 2005). Some research studies have approached this

issue and therefore various types of manufacturing flex-

ibility and taxonomies have been presented in the lit-

erature; (for an overview, see e.g., Sethi and Sethi 1990;

D’Souza and Williams 2000; Vokurka and O’Leary-Kelly

2000; Kara and Kayis 2004; Slack 2005). The eleven well-

known types of flexibility in manufacturing identified by

Sethi and Sethi (1990) are: machine flexibility, material

handling flexibility, operation flexibility, process flex-

ibility, product flexibility, routing flexibility, volume flex-

ibility, expansion flexibility, control programme flexibility,

production flexibility, and market flexibility. ElMaraghy

(2005) recognized the types of manufacturing systems

flexibility suggested by Browne et al. (1984); Sethi and

Sethi (1990) as the most prevalent types of manufacturing

flexibility. Sethi and Sethi (1990) depicted a linkage be-

tween different flexibility types at different levels: basic,

system and aggregated level. Later, Bengtsson (2001)

valued the eleven different types of flexibilities at these

three levels. At the basic level, three flexibility types—

machine, material handling and operation flexibility—ex-

ist. Five other flexibility types— process, routing, product,

volume and expansion—are at the system level and are

dependent on basic level flexibilities. Finally, programme,

production and market flexibility are at the aggregated

level and are influenced by system level flexibilities. The

manufacturing flexibility at the system level was high-

lighted by Lloréns et al. (2005) to affect strategic change in

the organisation. Using a combined multiple attribute de-

cision-making method, Jain and Raj (2013) offered a

ranking for fifteen different flexibility types in a flexible

manufacturing system. In addition to the types of flexibility

mentioned, other types of flexibility have also been iden-

tified, amongst which mix flexibility in particular has at-

tracted great attention since it is closely related to the

competitiveness of manufacturing systems. According to

Bengtsson and Olhager (2002) the ability of the manufac-

turing system to cope with changes in the product mix is

defined as mix flexibility and can mean different things for

different companies. Bengtsson and Olhager (2002) regard

mix flexibility together with volume and new product

flexibility to be the major flexibility dimensions. Zhang

et al. (2003) even link volume flexibility and mix flexibility

to customer satisfaction stating that both types of flexibility

are external elements of competition capabilities that

should lead to increased customer satisfaction. Another
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type of flexibility which was not included in the classifi-

cation offered by Sethi and Sethi (1990) and Browne et al.

(1984) is labour flexibility: the number and variety of op-

erations a worker can execute without incurring high

transition penalties or large changes in performance out-

comes (Koste and Malhotra 2000).

A flexibility measure was defined as a formula, algo-

rithm, methodology, or the like, for generating a value for a

given flexibility type under given conditions (Shewchuk

and Moodie 1998). Many approaches for measuring dif-

ferent types of manufacturing flexibility have been dis-

cussed (Sethi and Sethi 1990; Gupta and Somers 1992;

Gupta and Buzacott 1996; Giachetti et al. 2003; Koste et al.

2004); however, measuring flexibility is considered to be a

difficult task (Giachetti et al. 2003). Nevertheless, due to

the multidimensional nature of flexibility it might not al-

ways be practical to just follow the predefined types of

flexibility in the previous research. While prescribed tax-

onomies provide a way of dissecting general flexibility

issues, they cannot account for important yet unanticipated

local types of flexibility (Upton 1994).

Flexibility in Assembly Systems

Assembly is a collection of all procedures that are used to

combine geometrically-determined elements, joining ob-

jects together in conjunction with work piece handling,

inspecting, adjusting and special operations (Schenk et al.

2009). Regardless of the type, assembly is considered as a

system in a sense that it has a well-defined purpose and it

fulfils the stated and implied needs. Therefore, since a

manufacturing system includes all the activities that are

needed to put a product on the market (Bellgran and Säf-

sten 2010), an assembly system is considered as a sub-part

of manufacturing system. Assembly as a key subset of

manufacturing systems is considered to be one of the most

cost effective approaches towards high product variety (Hu

et al. 2011). Generally, an assembly line consists of a

number of workstations that are connected to one another

by transportation links moving the product between sta-

tions in a unidirectional flow. An assembly line could

produce different product models or could just be dedicated

to one product model. Heilala and Voho (2001) suggested a

classification of the assembly production principles as

follows: sequential manual assembly line, parallel manual

assembly line, semi-automatic assembly line, flexible au-

tomatic assembly line, and dedicated automatic assembly

line. According to Heilala and Voho (2001), the optimum

assembly system for today’s market turbulences is a semi-

automatic modular system in which the most time-con-

suming, quality critical and non-ergonomic tasks are

automated.

In the manufacturing literature, the different definitions

of what a flexible assembly system is mainly revolve

around either the level of automation in such a system or

the ability of an assembly system to process different

product mixes and variants. Mixed-model assembly lines

are characterised by their ability to assemble different

models of a given product without holding large invento-

ries (Kim and Jeong 2007). A flexible assembly system is

defined as a series of versatile workstations that are con-

nected to one another having an automated material han-

dling system. Thus, automated material handling has been

emphasised as a key part of flexible assembly systems (Lee

and Johnson 1991; Sawik 2000; Vincent et al. 2014). Ad-

ditionally, having the ability to handle different product

variants in the same assembly system is considered to be

important in flexible assembly systems (Edmondson and

Redford 2002; Semere et al. 2008; Heath et al. 2013; Rosati

et al. 2013; Vincent et al. 2014). Whereas some researchers

have considered a flexible assembly system to be a system

equipped with different automated machines or robots

working in the line (Bukchin and Tzur 2000; Zhang et al.

2005; Barutçuoğlu and Azizoğlu 2011), a few regarded

manual assembly as a decisive factor in achieving high

flexibility with a high number of variants in the assembly

system (Rampersad 1994; Heilala and Voho 2001), see

Fig. 1. In those flexible assembly systems the process is

automated and such a dedicated assembly line is suitable

for high volume products in relatively big lots. As an ex-

ample of the combination of human workforce and au-

tomation, Edmondson and Redford (2002) considered

flexible assembly to be a hybrid of manual and special

purpose assembly, in which the manual assembly system is

automated using a flexible system capable of coping with

product variations, different products, design changes and

small batch production. Recent approaches in the literature

reveal different views towards flexibility in assembly sys-

tems. Semere et al. (2008) introduced the paradigm of an

evolvable assembly system as an opportunity to overcome

uncertainties related to the mix and volume of products for

the manufacturing firms. The concept suggests that true

agility or flexibility can only be achieved if the lowest

building blocks of a system are those that exhibit the

highest rate of adaptability or evolvability. Rosati et al.

(2013) introduced the concept of fully flexible assembly

system, which consists of a fully-flexible feeder subsystem,

one or more flexible assembly stations and one pro-

grammable manipulator in which only catchable parts can

be used for assembly.

Edmondson and Redford (2002) noted economics to be

the driving factor behind the design and development of

flexible assembly systems. Battini et al. (2011) proposed a

conceptual framework to assess the design and optimisa-

tion of an assembly system, through linking productivity

238 Global Journal of Flexible Systems Management (September 2015) 16(3):235–250

123



with ergonomic considerations. The procedure consists of

three different sections: technological variables, environ-

mental variables and integrated procedure.

Although various types of flexibility can be measured

and evaluated when considering profitability and perfor-

mance, there are two other factors which can also relate to

the flexibility in assembly systems: productivity and effi-

ciency. Productivity shows the relation between what is

achieved in production and the efforts required in achiev-

ing this, and it is stated as the ratio of output to input at a

certain point of time, while efficiency is often described as

doing things right and can also be measured using time as

an evaluation factor. However, these two terms are used

interchangeably in most cases (Bellgran and Säfsten 2010).

Research Gaps

As the recent reviews illustrated, the issue of flexibility in

manufacturing systems is in need of further research and

clarification in terms of the concept and types. Although

assembly is a key sub-part of a manufacturing system, re-

search in the area of flexible assembly systems is not as

developed and therefore it even suffers from a greater

ambiguity regarding the concept.

In spite of multiple attempts towards the design of a

flexible assembly system (e.g. Bellgran and Johansson

1995; Edmondson and Redford 2002), due to the absence

of a unified and clear definition of flexibility in assembly

systems, the recognition of flexibility in assembly systems

without reduction of efficiency still remains elusive. The

perspectives on the flexible assembly concept reflected in

the literature lack a transparent identification of the con-

stituents of flexible assembly systems in theory and most

importantly in connection with practice. The present paper

takes on this challenge by offering an empirical definition

of flexible assembly systems, in which theoretical and in-

dustrial perspectives on this matter are combined, and

identifies key empirical constituents of flexibility in

assembly systems.

Research Methodology

To bridge the existing research gap regarding the con-

stituents of flexible assembly systems and to accomplish

the research objective, a multiple case study research

method is chosen in this work. The research methodology

is further described under the three main sections: case

study approach, data collection, and data analysis.

Case Study Approach

A case study is a preferred scientific research method to

closely investigate and understand a specific phenomenon

within its natural context (Eisenhardt 1989; Yin 2011).

Case studies come in many varieties and are underpinned

by heterogeneous theoretical and epistemological premises

(Ketokivi and Choi 2014). To unveil this heterogeneity,

Ketokivi and Choi (2014) described three different

methodological approaches to case research: theory gen-

eration, theory testing and theory elaboration case studies.

These methods mainly differ from one another in the

relative emphasis they give to theory and empirics. The

present case study research falls under the category of

theory generation case research, in which the attempt is to

use empirical analysis to generate a theory for the novel

research context of flexible assembly systems. This type of

case research is the most common case approach according

to Eisenhardt (1989) and Ketokivi and Choi (2014). In this

paper, the theory generating case research has been per-

formed as a multiple case study. Although the multiple

case design is usually more difficult to implement than a

single case design, the ensuing data can provide greater

confidence in the findings (Yin 2011).

In this case study, assembly systems in five different

plants of one core company (case A, B and C in Europe,

case D in Asia, and case E in North America) have been

investigated regarding their definition of a flexible assem-

bly system, the constituents of such a system and different

types of flexibility in them. The core company is a large

leading manufacturer of heavy vehicles located in Europe

which develops, manufactures and markets its own prod-

ucts. The company produces more than 100 models of

different products and has over 10 plants across the world.

The core company initiated a new joint project, hereafter

called FAS in this paper, among a few of its plants.
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Fig. 1 Manual assembly offers high flexibility and high product

variety, adapted from Rampersad (1994), Heilala and Voho (2001)
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Through initiation of the FAS project, the core company

proposed that all the participating plants should jointly

establish a flexible assembly system concept to enable

production of all ranges of different products in each and

every plant, according to their local market demands. The

proposal of the FAS project has stimulated these plants to

have an assumption of flexibility in their conceptual future

assembly system, prior to this research study. All of the

five chosen plants in this case study participated in the FAS

project and at the time of this proposal, all the five plants

owned mixed-model assembly lines for the production of a

certain product family. These two key factors, adapting to

the new global strategy through FAS project and owning

mixed-model assembly lines, were the main reasons behind

choosing these case plants in the present research study.

The selection of the five case plants followed replication

logic (Yin 2011), meaning that each case serves as a dis-

tinct experiment that stands on its own as an analytic unit

(Eisenhardt and Graebner 2007). Cases were carefully

chosen on the basis that similar results were predicted to be

produced from each one to demonstrate literal replications

as suggested by Yin (2009) and Saunders et al. (2012).

Direct replications can produce greater confidence than if

results have been derived for only a single case or two (Yin

2011).

Data Collection

Observations, interviews and close study of the case plants’

technical documents were the main sources of data col-

lection in a five-month study period during which all of the

five manufacturing case plants were investigated together.

Observations made in this case study were participant ob-

servations concerning the units of analysis. The data

generated by participant observation are categorised as

primary, secondary, experimental, and contextual (Saun-

ders et al. 2012). All these four categories of data have

been generated through this study by means of note-taking

and recording diaries. By taking the researcher role of

‘‘participant as observers’’ in the FAS project, the authors

had full access to the documents in the case plants and also

participated in all the FAS project’s meetings, workshops

and several informal discussions. In each of the project

meetings and workshops, all the five cases were discussed.

In addition, forty-seven interviews, including both un-

structured (in-depth) and semi-structured interviews, were

carried out. The semi-structured interviews here are con-

sidered to be elite interviews as suggested by Yin (2011)

since mainly the assembly managers and key assembly

engineers were interviewed. For some case studies the

participants’ construction of reality provides important in-

sights into the case and the insights gain even further value

if the participants are key persons in the organisations since

by definition only one or a few persons will fill such roles

(Yin 2011).

The interview guide used in the semi-structured inter-

views had two sections: the first section focused on the

definition of flexibility in the assembly system and differ-

ent types of flexibility in assembly system, while the sec-

ond part revolved around the design of a flexible assembly

system. Both closed and open questions were used in the

interviews. Additionally, the interview guide has been de-

signed considering the theoretical propositions to maintain

the solidity of the collected data in relation to the theore-

tical framework. Recordings of the interviews were ini-

tially transcribed into text and then have been analysed. A

detailed summary of the sources of data collection is pre-

sented in Table 1.

Table 1 The data collection sources and techniques used in the study

Source Techniques No. Participants Duration

(min)

Relevant case

A B C D E

Observations (FAS

Project)

Project meetings 20 60–300 d d d d d

Workshops 4 90–480 d d d d d

Informal discussions Several Daily d d d d d

Interviews In-depth interviews 37 Assembly engineers, assemblers, assembly managers 5–60 d d d d d

Semi-structured

interviews

2 Production engineer, production engineering

assembly manager

32–67 d

2 Assembly manufacturing engineering manager 25–107 d

2 Assembly manufacturing engineering manager 23–52 d

2 Assembly technical specialist 24–96 d

2 Assembly manufacturing engineering manager 25–77 d
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Data Analysis

The crucial role of theoretical propositions in problem

statement, designing the case study and generalising from

the case study has been emphasised (Eisenhardt 1989;

Merriam 2009; Yin 2009). The theoretical framework in

this study has been used to a great extent to define refined

research questions through the whole process of data col-

lection and data analysis. Data collection, data analysis and

the development and verifications of propositions are very

much an interrelated and interactive set of processes

(Saunders et al. 2012). A generic approach to analyse

qualitative data suggested by Saunders et al. (2012) has

been followed for the analysis of the data in this work. The

approach consists of five points: categorising data and

coding, unitising data, recognising relationships and de-

veloping categories, developing testable propositions, and

drawing conclusions. In a multiple case study, there are

two stages of analysis: the within-case and the cross-case

analysis (Merriam 2009).

Within-case Analysis

The goal of the within-case analysis is to structure, define,

reduce and make sense of the data (Pagell and Wu 2009).

In the within-case analysis, each case was individually

analysed following the five points suggested by Saunders

et al. (2012). Each within-case analysis had four key steps.

First, the assembly system in each case was investigated

concerning their operations, equipment, tools, layout and

workforce to grasp the present status and comprehend the

types of the assembly systems. Then the key characteristics

of flexibility according to the perception in each case were

identified and were juxtaposed with the present status to

further identify the constituents that are important to

achieve a flexible assembly system. In the third step, the

applicability of previously identified types of manufactur-

ing flexibility to each case were indicated and were then

juxtaposed with the identified key characteristics of flex-

ibility in each case. The final step was the synthesis of the

previous three steps to identify the essential constituents of

flexibility, indicate the relevant and compatible flexibility

types and to reach a concise definition of flexibility in each

case.

Cross-case Analysis

The cross-case analysis is concerned with identifying pat-

terns across the various organisations (Pagell and Wu

2009). During the cross-case analysis, the data resulted

from within-case analysis in each case were further re-

duced. Categories were further developed to identify the

constituents that are essential for achieving a flexible

assembly system. Category development also facilitated

verifying the applicable types of flexibility with a holistic

view considering all the cases. The trade-off between

flexibility and efficiency was also identified as an important

part during the cross-case analysis. The findings from the

cross-case analysis are presented in ‘‘Empirical Findings in

Cross-case Synthesis’’ section.

Validity and Reliability

In the design and analysis of the conducted case study,

measures have been taken in order to secure validity and

reliability as highlighted by Yin (2009) and Merriam

(2009). To ensure the validity, the structure of the study has

followed a logical design with a defined problem statement,

has presented a theoretical framework and finally the em-

pirical findings. In addition, triangulation among the mul-

tiple sources of evidence used in the study has been applied

throughout the data collection process as suggested by Yin

(2009). Moreover, to maintain the reliability within the

case study according to Merriam (2009) and Yin (2009) in

the performed research, a case study protocol has been

developed and all the relevant data for each case plant have

been documented in a specific database.

Empirical Findings in Cross-case Synthesis

General Case Description

In each plant, each assembly line, as a mixed-model

assembly line, is dedicated to the assembly of different

product models from one certain product family. Different

product models exist within each product family while they

often share similar product platforms, components and

assembly procedures with one another. Although a ma-

jority of the assembly tasks in each and every plant are

mainly carried out manually, owing to different automated

equipment utilised for transportation of the product be-

tween the stations, testing, and material handling, the

assembly lines are categorised as semi-automatic assembly

lines. A summary of each assembly line in all five plants is

presented in Table 2. Some of these assembly lines for

each product family are further dedicated to the assembly

of products mainly based on similarities of size and

therefore they are named accordingly. The remaining

assembly lines are identified as general lines in Table 2.

Work shifts in all plants are of 8 h, except plant E in

which each work shift lasts for 10 h. In all cases, assem-

blers work in groups and are assigned to particular tasks

within their groups. In order to meet the demand volume

and to increase assemblers’ skills, all plants use different

staffing strategies including job rotation and overtime. For
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instance, when needed the overtime hours or new work

shifts are added to the regular working hours to balance the

assemblers’ workloads.

Constituents of Flexible Assembly

Investigating the fundamental assumption of flexibility in

assembly systems among the case plants, the prevalent

perception of a flexible assembly system appears to be

strongly linked to how responsive and adaptive the

assembly system is when it reacts to market fluctuations.

Therefore, being able to meet new and special customer

orders in a given time is observed to be the essence of a

flexible assembly system. In addition to this definition, the

ability to build different products on the same assembly

line with little productivity loss is indicated as an ideal

feature of a flexible assembly system. This ability for the

case plants can be realised through establishing mixed-

product assembly lines. An assembly line which enables

assembly of a mix of different products from different

product families with low balance losses and reasonable

efficiency is considered as a mixed-product assembly line,

according to the case plants. Many parameters and certain

conditions could contribute to the flexibility of an assembly

system. However, among these parameters, adaptable ma-

terial supply, versatile workforce, increased commonality,

standardised work content, integrated product properties,

and strategic planning are identified as the essential con-

stituents of flexible assembly systems according to the case

plants.

Adaptable Material Supply

Adaptive material supply is considered as a significant

enabler and as an inseparable part of a flexible assembly

system especially for mixed-product assembly lines. Ma-

terial should be fed to the assembly system at the right

time, in the right amount, and with the right quality without

making the assembly system wait. When different models

and products are being assembled on the same line, ef-

fective delivery of the wide range of different parts re-

quired for each specific model or product often becomes a

complicated task. Material supply could be conveyed

through different means: kitting, reconfigurable racks,

kanban, bins, forklifts, cranes, AGVs (automated guided

vehicles), and subassembly zones. In a mixed-product

assembly line, the area and resources required for material

preparation increase while the number of bins and racks for

holding material in the lines is limited. In such assembly

lines, sequenced material supply according to the assembly

sequence counts as an efficient method of material supply.

Nevertheless, due to its precision in delivery and ease of

access, the use of different methods of material kitting for

each specific product model is increasing. As an example,

in case B, a train solution with material cards is used to

deliver one card carrying materials needed for the assembly

of a specific machine to each station, during each takt time

interval.

Versatile Workforce

In an assembly system where manpower is the major re-

source of assembly, the assembler’s capability and versa-

tility in performing different types of tasks can make a

huge impact on the speed and quality of assembly pro-

cesses. The need for multi-skilled and cross-trained

knowledgeable assemblers is especially crucial when dif-

ferent types of products are to be assembled in the same

flow. Various staffing strategies such as employment of

temporary work force and rotation of assemblers in

Table 2 The status of assembly systems with mixed-model assembly lines in the case plants

Case plant Assembly line No. of variants No. of assemblers Throughput per shift (vehicles) No. of shifts

A Medium 10 58 8 2

Large 5 48 4 2

B General 7 51 8 2

C General 2 68 6 1

D Small 6 43 26 1

Medium 19 99 34 1

Large 11 83 24 1

Extra large 2 68 14 1

E Small 13 10 3 1

Large 29 23 3 1

General.1 11 15 3 1

General.2 5 8 0.5 1

242 Global Journal of Flexible Systems Management (September 2015) 16(3):235–250

123



different stations of the assembly line appear to be an ef-

fective repetitive approach for training purposes and for

keeping up with the fluctuating market demands, although

it raises concern about the skills and competence of

assemblers who are constantly assigned to new tasks for

different products.

In this case, the assembler should know how to perform

dissimilar assembly tasks for all different products either

according to standardised work instructions or just out of

practice. This becomes a challenging task since an errorless

performance in a limited time with minimum losses is re-

quired while the assembler is also expected to develop the

assembly process simultaneously. However, to reduce the

potential challenges an assembler faces in a mixed-product

assembly line, work instructions can be presented as writ-

ten text or as images, either digitally or on paper, for

assemblers to follow. As a result, in designing a mixed-

product semi-automatic assembly system, great attention

should be paid to the issue as it highlights how workforce

versatility, along with appropriate and continuous training,

can influence system performance and throughput.

Increased Commonality

In mixed-product assembly, the use of common parts

(similar components or modules utilised in different

products) and similar interfaces in the assembly processes

has a huge impact on enabling flexibility in the system and

reducing its complexity. Increased commonality assists the

assembly system in two major aspects: ease of material

handling and simplicity of performing assembly tasks for

assemblers.

If different products are assembled in the same line, a

huge number of dissimilar parts needs to be stored on the

line side which sets some boundaries on the assembly line

itself, while it does not affect the actual assembly pro-

cesses. In this case, assembly and subassembly zones could

be affected in such a way that a relatively small line should

turn into a long line to provide extra space for in-line

storage of the parts. In addition, having similar interfaces

and common parts in assembly processes facilitates the

tasks for assemblers, since owing to the increased simi-

larity between different models it becomes easier for them

to recognise and remember the parts, the interfaces and

assembly methods. Moreover, the use of common tooling

and equipment is encouraged when common parts and

assembly methods are applied. Increased commonality of

parts and solutions consequently helps assembly further in

the value chain by affecting the suppliers and market

strategies as well.‘‘Common parts and common solutions

will help us further in the value chain. If we are close to the

market and we have different kinds of models and variants

it is highly beneficial since we can deliver directly from the

plant without any steps needed afterwards’’ as an inter-

viewee in case B emphasised on the importance of

commonality.

Standardised Work Content

The development and application of similar standardised

assembly work content and step-by-step assembly in-

structions for different products increase flexibility. Using

the standardised work content and workload levelling

methods to a large extent secures the requested quality

measures by decreasing human errors, in which the er-

gonomic and safety needs are also considered. Neverthe-

less, establishing ubiquitous standardised work content

itself depends on the level of commonality between pro-

duct components and similar assembly interfaces between

different products.

Integrated Product Properties

The design and physical properties of a product such as

size and weight have a major impact on the assembly and

can either limit or increase flexibility in the assembly

processes. Constant coordination between product design

and assembly teams is essential for communicating oc-

curring changes in product design, the requirements of the

product from the assembly system and also the existing

conditions in assembly for handling the product.

By considering the features and limitations of both

product and assembly system, the development of more

modular products and parts as well as common product

platforms and similar interfaces could be encouraged. Such

coordination between product design and assembly can be

arranged through the application of Design for Assembly

(DFA) methods and in the form of regular meetings start-

ing before and during different product development

phases. Further, this coordination can continue by devel-

oping a prototype product in a pilot assembly system to

investigate all design aspects versus assembly capabilities.

Size is one of the most decisive physical characteristics

of a product in an assembly system. The size of different

models and products that are combined in the same

assembly line plays a crucial role for flexibility in terms of

utilised equipment and the extent of assemblers’ activities.

When combining large and small sized products on the

same line, large equipment should be utilised to handle

larger products both in material handling and assembly,

and consequently the work content, required space, length

of line and walking distance are all affected. Ultimately, all

of these factors influence the productivity of the whole

assembly system.
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Strategic Planning

The common assembly sequencing approach, production

levelling and determining zero buffer sizes in assembly and

subassembly zones play an important role in a mixed-

product assembly. Since all stations are connected to one

another in the same flow and products move from one

assembly station to the next, slowdown in a unit in the front

may make other units behind it wait, leading to lower

productivity and shrinking capacity in the assembly sys-

tem. This is a crucial issue especially in a mixed-product

assembly line. In order to adapt to the fluctuating customer

orders, the assembly takt time may change. However, to

counteract the occurrence of changes in the system,

maintaining fixed assembly takt times is essential. This

helps the assembly system to stay balanced as before since

the work content of each station will also remain the same

and further modifications in the assemblers’ work instruc-

tions will not be necessary. To achieve this, and depending

on the volume situations, the use of a few different but

constant assembly takt times can be allowed in the system.

In addition, planning for seasonal market demands seems

to be significantly important. Seasonal market demands

cause the assembly lines that are dedicated to just one

model to run with lower capacity during the low demand

periods. Therefore, the drop in capacity leads to less

utilisation of space and lower productivity in the assembly

system, while the fluctuation in capacity could be ad-

dressed by combining different models on the same line.

Types of Flexibility in Assembly System

The applicability of eleven different types of manufacturing

flexibility introduced by Sethi and Sethi (1990), as a solid

and a highly cited source, in the assembly system of each

case plant is investigated. For this purpose, each of these

flexibility types and their relevance to the investigated

assembly systems are explored and discussed separately.

Machine Flexibility

The operations in all the five cases are mainly carried out

by manpower and no major assembly process is performed

by machine. Additionally, the few common tools and

equipment (such as lifting equipment, transferring equip-

ment, fixtures and jigs) that are used during the assembly

processes by the assembler do not need new setups for

different products and their related different assembly

processes. Thus, no real setup change is required to shift

from one operation to another and therefore machine

flexibility is not considered to be applicable to assembly

systems of case plants but rather more connected to the

fabrication processes prior to the assembly.

Material Handling Flexibility

Three major flows of material are detected in the assembly

systems of the case plants. small bulk material (e.g. nuts

and bolts) that are generally presented in bins at the line,

kits of material in which specific parts for each product

variant are arranged based on the assembly sequence and

are fed into each station, and special complete modules that

are often heavy and should be carried by AGVs or lifting

equipment (e.g. forklifts, cranes, etc.). In addition to the

materials mentioned, there are some in-house components

that are presented in racks at the assembly lines. Although

the already established material handling system in

assembly and subassembly zones appears to satisfy the

needs of the existing assembly lines, introducing more

product variants and consequently new parts adds to the

complexity of such a system, and thus maintaining its ef-

fectiveness may become challenging. In order to evaluate

the material handling status, an estimation of the number of

incoming transports and pallets, and the amount of parts

needed for each product and for each station during a

specific period of time is needed. Considering the current

situation, material handling flexibility is of great sig-

nificance to all the case plants; however, the present ma-

terial handling system in cases A, B and C is in need of

further improvement to achieve all the benefits of this

flexibility.

Operation Flexibility

In each assembly line in each of the case plants a pre-set

assembly sequence plan is utilised, which is also impacted

by the assembly system’s layout. Therefore, heterogeneous

assembly sequence plans are not used. Since the tasks in

the case plants are highly human-oriented, the introduction

of standardised ways of working and work instructions puts

forward the exact assembly methods to be followed by the

assemblers. The situation is similar in all the five case

plants, and therefore operation flexibility does not apply to

the current set-up in any of these plants.

Process Flexibility

Since in all the five case plants assemblers produce products

of the same product family, assembly of products from

dissimilar product families in the current mixed-model

assembly lines is not possible. The assemblers who carry

out the assembly tasks are skilled enough to handle different

tasks within one certain product family in which the design

of products does not drastically change from one model to

another. Therefore, process flexibility as mentioned does

not apply to any of the case plants and is initially considered

as a key type of flexibility for fabrication processes.

244 Global Journal of Flexible Systems Management (September 2015) 16(3):235–250

123



Product Flexibility

In case of introducing a new product to mix, no major cost is

imposed on the assembly system as long as the new product is

within the range of the same product family. However, as a

consequence of modifying the product mix, some other

challenges such as a high balance loss between different sta-

tions and a need for more assemblers are posed to the system.

The investigation of the present situation shows that product

flexibility is applicable to all the cases. Cases B and C consider

themselves to have product flexibility for different models of

their existing product family. On the other hand, since there

are several assembly lines for assembly of one product family

in the cases A, D and E, this type of flexibility currently exists

but is considered to be limited to each single assembly line due

to individual assembly lines for different product sizes within

the same product family. The design and physical character-

istics of products such as size and weight can also place

limitations on the assembly system with regard to the required

tools, handling equipment and the assembly space. This is

especially notable while different product families are to be

handled in the same assembly line.

Routing Flexibility

In the instances of internal disturbances in the assembly, as

a result of following some common strategies among all

the cases, expert personnel are called to resolve the issue.

Since the assembly tasks are performed by human work-

force, the issues are normally resolved within short times

and therefore the need for extra investment to create

routing flexibility for all the five case plants is eliminated.

Nevertheless, this type of flexibility is considered as a key

type of flexibility for fabrication processes.

Volume Flexibility

The uncertainty of demand levels is adjusted through dif-

ferent staffing methods and production planning in the

assembly system to adapt to varying volumes. Assemblers

are divided into groups to work on certain assembly sta-

tions. In order to increase volume during some special

periods, extra work shifts are added, overtime hours are

allowed, new assemblers are employed and assemblers are

rotated between different assembly stations and groups.

Additionally, opposite strategies and training of assemblers

are adopted when the demand levels decrease. All the five

cases consider themselves to have volume flexibility.

Expansion Flexibility

In order to increase capacity and capability in the assembly

line, it is possible to increase the available time of

assembly through extending working hours and adding to

the number of assemblers. Additionally, the utilisation of

technological advances such as for instance automated

material handling systems creates conditions for reaching

higher capacity and capability in the system. At the same

time, expansion flexibility could be more of an organisa-

tional strategic goal that can be applied to the assembly

system as well. The significance and relevance of expan-

sion flexibility has been emphasised in all the cases;

however, the present layout in cases C, D and E requires

further development to reach the full advantages of ex-

pansion flexibility.

Control Programme Flexibility

In an assembly system that is run by manpower to a large

extent and where automation does not have a leading role,

programme flexibility may not be very easily detected or

even sought after. However, the automatic supportive sub-

systems such as different types of automatic inspections,

tests and measurements in all the case plants could be

linked to this type of flexibility and considered as a key

flexibility type for assembly systems.

Production Flexibility

According to all the case plants, it is agreed that a great

amount of effort (capital equipment and time) is needed to

reach production flexibility. Nevertheless, this type of

flexibility does not apply to the current situation of the case

plants. In case E, in which three different product families

are produced in different mixed-model assembly lines, the

transition towards production flexibility is considered to

require less effort since some required infrastructures al-

ready exist in the assembly system.

Market Flexibility

Dealing with different types of market fluctuations, de-

mand scenarios, the strategy of the firm and handling the

processes related to a new product, all fit into the capa-

bilities of a dynamic assembly system. In adapting to

market needs, the case plants follow the strategies of the

core manufacturing company as one of the world’s leading

companies in the industry. Pursuing these strategies is ac-

cordingly reflected through the assembly systems of the

case plants and market flexibility is regarded as a key type

of flexibility in all of them.

Flexibility and Efficiency in Assembly

In order to increase flexibility and understand the optimal

level of flexibility in assembly systems, the status quo of
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the flexibility evaluation approaches has been investigated.

All five plants consider themselves to have full flexibility

when it comes to meeting market demands. However, the

flexibility of the assembly system is not known to be

measured or evaluated by any means in any of the case

plants. Instead, the time needed for a plant to adapt to the

fluctuations in production volume is used as a criterion

established by overall organisational strategy in all plants.

Efficiency and productivity in the assembly system are

defined and used interchangeably in all of the studied

plants. In case A the definition of efficiency and produc-

tivity is associated with high quality. In this sense quality

itself could be quantified to be evaluated. Efficiency and

productivity are expressed in terms of time and are mea-

sured either as the ratio of operating time to total available

time or the percentage of value-added time to total avail-

able time. In addition, in relation to a mixed-model

assembly line, it is widely agreed upon that efficiency

simply relates to low balance losses in the assembly line.

Discussion

The assembly system as a key part of a manufacturing

system lacks a clear definition for flexibility and its

essential constituents. The definition of a flexible assem-

bly system suggested in the findings of this paper is based

upon the major dimensions of flexibility, volume, mix and

new product, the extent of the responsiveness and adap-

tation of the assembly system towards market fluctuations,

while being able to produce different products. Mix, new

product and volume were regarded as the major dimen-

sions of flexibility by Bengtsson and Olhager (2002) and

were linked to customer satisfaction by Zhang et al.

(2003).

Despite the lack of clear consensus on defining both

flexible manufacturing and flexible assembly, the proposed

empirical definition of flexible assembly in this study is

consistent with the majority of existing definitions in which

the essence of a flexible manufacturing system lies in the

ability to change and accommodate uncertainty (D’Souza

and Williams 2000; Giachetti et al. 2003; Van Hop 2004;

Lloréns et al. 2005). As also pointed out in the findings, the

operational and empirical objectives of having a flexible

assembly system capable of producing different products in

this study could be traced back to various organisational

and strategic goals such as: short lead time, improved

quality and ergonomics, adjusted production volume, lay-

out and space saving, eliminating multiple ways of material

supply, high utilisation of manpower, increased produc-

tivity, and cost reduction. This further highlights the con-

nection of flexible assembly system capabilities to the

strategy of the firm.

Six constituents have been identified in this study as the

most influential enablers for flexibility in mixed-model

semi-automatic assembly systems, in which assembly tasks

are mainly performed by manpower, and only material

handling in addition to some inspections are carried out

automatically (Heilala and Voho 2001). Although some of

these constituents have been individually mentioned as

important factors of flexible assembly systems in previous

research [see (Heilala and Voho 2001; Hu et al. 2011)], the

new comprehensive categorisation offered here sheds light

on the absolute requirements of flexible assembly systems

as such. These identified constituents—adaptable material

supply, versatile workforce, increased commonality, stan-

dardised work content, integrated product properties and

strategic planning—are presented in Fig. 2.

Through establishment of these six constituents of

flexibility in a mixed-model assembly line, since the

assembly of different product families is enabled with low

balance losses, the assembly system can turn into a mixed-

product assembly line. In the transition to a flexible

assembly system with a mixed-product assembly line, a

lack of proper approaches towards each of the constituents

mentioned may pose challenges to the system. Distur-

bances created in an assembly system or other connected

sub-systems are some of these challenges that work against

flexibility. It is worth mentioning that balance losses re-

sulting from the assembly of different products in the same

assembly line are also the major expected drawbacks that

impact the flexibility and productivity of the assembly

system.

The different types of manufacturing flexibility defined

by Sethi and Sethi (1990), as the comprehensive and

prevalent flexibility types identified [see (ElMaraghy

2005)], have been investigated in assembly systems of the

case plants. The findings suggest that some of the chosen

flexibility types may not apply to the flexible assembly

system defined in this research, mostly due to the fact that

their definitions to a large extent ignore manually driven

assemblies, see Fig. 3. As indicated in the findings, mate-

rial handling flexibility, product flexibility, volume flex-

ibility, control programme flexibility, expansion flexibility,

and market flexibility can be linked to the assembly sys-

tem, whereas five other types of flexibility such as machine

flexibility, operation flexibility, process flexibility, routing

flexibility, and production flexibility appear not to be to-

tally compatible with the suggested definition of flexible

assembly systems in this work. Accordingly, the ability of

assemblers to be multi-skilled and to perform different

types of tasks, labour flexibility as suggested by Koste and

Malhotra (2000), is also pivotal to many of the identified

types of flexibility. It is worth noting that the six types of

manufacturing flexibility, compatible with the definition of

assembly systems used here, are on three different levels of
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basic, system and aggregated as mentioned by Sethi and

Sethi (1990). This finding proposes a distinction between

flexibility in the manufacturing system versus flexibility in

assembly, since not all of the selected types of manufac-

turing flexibility appear to be applicable to the assembly

systems. Moreover, this distinction helps acknowledge

these types of flexibility as the core capabilities that could

be achieved within mixed-model semi-automated assembly

systems.

Through the presented case study, and despite the

complexity of the products and all the technological ad-

vantages that the case plants own, all major assembly tasks

are carried out mainly by manpower. This empirical indi-

cation is in line with the theories which recognised manual

assembly as the optimal strategy for reaching the highest

level of flexibility. On the other hand, it can also challenge

other theories that described flexible assembly as a highly

automated system, ignoring the cases in which the com-

plexity of assembly tasks could only be addressed through

the versatility of a human workforce.

As the findings of this study suggest, two terms of

productivity and efficiency are defined and used inter-

changeably. Additionally, flexibility itself can be evaluated

in terms of meeting market demands. However, this will

not suffice since the other individually contributing con-

stituents identified here are not considered in this case. In

order to evaluate flexibility, it is crucial to determine the

interactions of these constituents with one another and also

estimate their final resolution together. Moreover, to

recognise an optimal level for flexibility in which pro-

ductivity and profitability stay high, all the suggested

constituents as well as their level of contribution to flex-

ibility need to be evaluated and determined. It is worth

Fig. 2 The essential constituents of flexible assembly systems
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Fig. 3 Flexibility in assembly systems has many dimensions
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noting that all these constituents of flexibility also deal with

productivity and efficiency of the system since they all

have the potential to be interpreted and evaluated based on

time units.

Conclusion

This paper offers a clear definition of flexibility in

assembly systems by suggesting: adaptable material sup-

ply, versatile workforce, increased commonality, stan-

dardised work content, integrated product properties and

strategic planning, as the six essential constituents of

flexibility in assembly systems, based on a case study in

five heavy vehicle manufacturing plants. The relevance and

applicability of eleven types of previously defined

manufacturing flexibility in relation to assembly systems

were investigated and, as the paper suggests, material

handling, volume, product, control programme, expansion

and market flexibility are applicable to the assembly sys-

tems. Through the proposed constituents of flexible

assembly systems, the findings of this work fill in the ex-

isting gap regarding the definition and characteristics of

flexibility in the assembly system from both industrial and

academic perspectives. The suggested constituents which

reflect an industrial standpoint on flexible assembly sys-

tems can be used as a practical guide for manufacturing

companies in the design process of flexible assembly sys-

tems and can be utilised in recognition of the requirements

of such systems in terms of product design. However, the

study has some limitations that open up opportunities for

future research directions. The data presented in this study

mostly reflect an elite or a managerial perspective on the

matter of flexibility in assembly systems. At the same time

as this could be an advantage since flexibility is closely

connected to the strategy of the firm, it might also lean

towards presenting a managerial perspective on the matter.

Secondly, similar to all case studies, the results only re-

volve around the status of assembly systems in the case

plants. Therefore, the findings of this paper cover the si-

tuation in semi-automatic mixed-model assembly lines in

the heavy vehicle manufacturing industry, in which prod-

ucts are complex, and therefore most of the assembly tasks

are performed by assemblers rather than by machines or

robots. Thus, similar future research on the role of these

identified constituents of flexibility in other assembly sys-

tems with different automation levels is needed to conclude

that perspective as well.
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manufacturing systems, strategic change and performance.

International Journal of Production Economics, 98(3), 273–289.

Merriam, S. B. (2009). Qualitative research: A guide to design and

implementation. San Francisco: Jossey-Bass.

Mishra, R., Pundir, A. K., & Ganapathy, L. (2014). Manufacturing

flexibility research: A review of literature and agenda for future

research. Global Journal of Flexible Systems Management,

15(2), 101–112.

Nakase, N., Yamada, T., & Matsui, M. (2002). A management design

approach to a simple flexible assembly system. International

Journal of Production Economics, 76(3), 281–292.

Oke, A. (2013). Linking manufacturing flexibility to innovation

performance in manufacturing plants. International Journal of

Production Economics, 143(2), 242–247. doi:10.1016/j.ijpe.

2011.09.014.

Olhager, J., & West, B. M. (2002). The house of flexibility: Using the

qfd approach to deploy manufacturing flexibility. International

Journal of Operations & Production Management, 22(1), 50–79.

Pagell, M., & Wu, Z. (2009). Building a more complete theory of

sustainable supply chain management using case studies of 10

exemplars. Journal of Supply Chain Management, 45(2), 37–56.

Rampersad, H. K. (1994). Integrated and simultaneous design for

robotic assembly: Product development, planning. Chichester:

Wiley.

Rosati, G., Faccio, M., Carli, A., & Rossi, A. (2013). Fully flexible

assembly systems (f-fas): A new concept in flexible automation.

Assembly Automation, 33(1), 8–21.

Saunders, M., Lewis, P., & Thornhill, A. (2012). Research methods

for business students. Harlow: Pearson.

Sawik, T. (2000). An lp-based approach for loading and routing in a

flexible assembly line. International Journal of Production

Economics, 64(1), 49–58.

Sawik, T. (2004). Loading and scheduling of a flexible assembly

system by mixed integer programming. European Journal of

Operational Research, 154(1), 1–19.

Schenk, M., Wirth, S., & Müller, E. (2009). Factory planning

manual: Situation-driven production facility planning. Berlin:

Springer.

Semere, D., Onori, M., Maffei, A., & Adamietz, R. (2008). Evolvable

assembly systems: Coping with variations through evolution.

Assembly Automation, 28(2), 126–133.

Sethi, A. K., & Sethi, S. P. (1990). Flexibility in manufacturing: A

survey. International Journal of Flexible Manufacturing Sys-

tems, 2(4), 289–328.

Sharma, M. K., Sushil, & Jain, P. K. (2010). Revisiting flexibility in

organizations: Exploring its impact on performance. Global

Journal of Flexible Systems Management, 11(3), 51–68.

Shewchuk, J. P., & Moodie, C. L. (1998). Definition and classification

of manufacturing flexibility types and measures. International

Journal of Flexible Manufacturing Systems, 10(4), 325–349.

Slack, N. (2005). The flexibility of manufacturing systems. Interna-

tional Journal of Operations & Production Management, 25(12),

1190–1200.

Stigler, G. (1939). Production and distribution in the short run. The

Journal of Political Economy, 47(3), 305–327.

Sun, R.-L., Xiong, Y., Du, R., & Ding, H. (2002). Fas scheduling

based on operation flexibility. Assembly Automation, 22(3),

277–282.

Sushil. (1997). Flexible systems management: An evolving paradigm.

Systems Research and Behavioral Science, 14(4), 259–275.

Sushil. (2012a). Flowing stream strategy: Managing confluence of

continuity and change. Journal of Enterprise Transformation,

2(1), 26–49.

Sushil. (2012b). Making flowing stream strategy work. Global

Journal of Flexible Systems Management, 13(1), 25–40.

Terkaj, W., Tolio, T., & Valente, A. (2009). A review on manufac-

turing flexibility. Design of flexible production systems (pp.

41–61). Heidelberg: Springer.

Global Journal of Flexible Systems Management (September 2015) 16(3):235–250 249

123

http://dx.doi.org/10.1016/j.ijpe.2011.09.014
http://dx.doi.org/10.1016/j.ijpe.2011.09.014


Upton, D. M. (1994). The management of manufacturing flexibility.

California Management Review, 36(2), 72–89.

Upton, D. M. (1997). Process range in manufacturing: An empirical

study of flexibility. Management Science, 43(8), 1079–1092.

Van Hop, N. (2004). Approach to measure the mix response

flexibility of manufacturing systems. International Journal of

Production Research, 42(7), 1407–1418.

Vincent, L. W. H., Ponnambalam, S., & Kanagaraj, G. (2014).

Differential evolution variants to schedule flexible assembly

lines. Journal of Intelligent Manufacturing, 25, 739–753. doi:

10.1007/s10845-012-0716-8.

Vokurka, R. J., & O’Leary-Kelly, S. W. (2000). A review of empirical

research on manufacturing flexibility. Journal of Operations

Management, 18(4), 485–501.

Wadhwa, S., Ducq, Y., Ali, M., & Prakash, A. (2009). Performance

analysis of a flexible manufacturing system. Global Journal of

Flexible Systems Management, 10(3), 23–34.

Wilson, S., & Platts, K. (2010). How do companies achieve mix

flexibility? International Journal of Operations & Production

Management, 30(9), 978–1003.

Yin, R. K. (2009). Case study research: Design and methods (Vol. 5).

Thousand Oaks, CA: Sage.

Yin, R. K. (2011). Applications of case study research. Thousand

Oaks, CA: Sage.

Zha, X., Lim, S., & Fok, S. (1998). Integrated knowledge-based petri

net intelligent flexible assembly planning. Journal of Intelligent

Manufacturing, 9(3), 235–250.

Zhang, W., Freiheit, T., & Yang, H. (2005). Dynamic scheduling in

flexible assembly system based on timed petri nets model.

Robotics and Computer-Integrated Manufacturing, 21(6),

550–558.

Zhang, Q., Vonderembse, M. A., & Lim, J.-S. (2003). Manufacturing

flexibility: Defining and analyzing relationships among compe-

tence, capability, and customer satisfaction. Journal of Opera-

tions Management, 21(2), 173–191.

Key Question

Research Question for Further Reflection
h How can different levels of automation influence the

significance of different constituents of flexibility in assembly

systems?

Narges Asadi is Industrial Ph.D. Candidate at

Mälardalen University and at Volvo Construction

Equipment. Narges has received a M.Sc. in Pro-

duct and Process Development from Mälardalen

University in 2011. She has been working as a

research assistant at Mälardalen University since

September 2011 and has become a member of

INNOFACTURE research school since September

2012. Her research interests are within Production Systems and

Product Development.

Anders Fundin is Adjunct Professor in Quality

Technology and Management at Mälardalen

University since 2010 and also Global Manager

for Continuous Improvement at Volvo Construc-

tion Equipment, Sales & Marketing. Anders has a

PhD in Quality Technology and Management from

Chalmers University of Technology (2005) and a

M.Sc. in Mechanical Engineering from Linköping
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