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Abstract. This paper reports a research which was carried out to establish connectivity
between leagile manufacturing and air compressor production by studying the state of the
art researches. Leagile manufacturing paradigm is incorporated with lean and agile
manufacturing principles. This research was conducted in three phases. In the first phase,
the researches on leagile manufacturing were surveyed. During the second phase of the
literature survey, the research papers reporting the literature reviews containing the air
compressor-based researches were reviewed. During the third phase of conducting this
literature survey, it was found that so far, no efforts for examining the implementation of
leagile manufacturing paradigm in air compressor industry have been made by the
researchers The paper is concluded by indicating the need of designing an
implementation model and conducting case studies to establish connectivity between
leagile manufacturing and air compressor production.
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1 Introduction

When the competition was highly sensed during the middle part of the twentieth century, the
manufacturing companies had to look for the paradigm that would reduce or eliminate wastes
for decreasing the cost of production of products and their prices [1]. As a result, the lean
manufacturing paradigm was implemented in companies. The objective of lean manufacturing
paradigm is to produce right products with right quantity and quality at right time for
supplying to the right customers [2]. Soon after the publication of Womack et.al. [3], many
companies in the world implemented lean manufacturing [4, 5]. These companies have
reported to have decreased the price of the products due to the reduction or elimination of
wastes during the production of products. Besides many researchers began to study and
explore the implementation of lean manufacturing paradigm in companies [6 , 7].While the
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adoption of lean manufacturing paradigm in organization was taking place in the world,
modern manufacturing companies are required to be agile in producing the products [8, 9, 10].
The researchers have named the set of activities facilitating this capability as agile
manufacturing [11].

In one direction, a section of researchers have been working on applying lean manufacturing
paradigm in the production of conventional products. In another direction, researchers have
been working on applying agile manufacturing paradigm to produce new and innovative
products [12, 13, 14]. When the world has been witnessing such development in two
directions, Naylor et. al. [15] brought out the concept called leagile manufacturing [13]. As the
title suggests, leagile manufacturing refers to the paradigm which combines lean and agile
manufacturing paradigms [16, 17, 18]. Leagile manufacturing paradigm facilitates companies
to produce products by applying lean and agile manufacturing paradigms separately as well as
by applying these two paradigms in hybrid form [19].

A few researchers began to examine the implementation of distinct leagile manufacturing
paradigm on the specific products [20]. For example, Krishnamoorthy and Yauch [12] have
reported the implementation of leagile manufacturing paradigm in a company manufacturing
product which are supplied to electronics products manufacturing companies and nuclear
power plants. Likewise, [21, 22] have reported research on applying leagile manufacturing
paradigm in the production of pumps. The outcomes of such kind of researches will enable the
practitioners to adopt leagile manufacturing paradigm for producing conventional, hybrid and
innovative models of the products which will cater to the requirements of several kinds of
customers and increase the profitability of the companies. Though this kind of research on
applying leagile manufacturing paradigm on specific products was begun by a few researchers
about two decades back, such kind of researches are required to be carried out on certain other
products which are used by the customers residing at different parts of the world. One such
kind of product is air compressor that finds wide application.

Air compressor can be used for several applications like inflating the rubber tubes and
effecting the automation. Air compressor is used for carrying out several other applications
too. Notwithstanding the requirements of customers, practitioners have been producing at least
50 different types of compressors. Some researchers studied the implementation of lean
manufacturing in companies manufacturing compressors [23, 24]. No researcher has studied
the implementation of agile manufacturing in companies in which air compressors are
manufactured. Today, companies are required to produce traditional air compressors by
employing lean manufacturing and innovative air compressors by employing agile
manufacturing. In other words, in order to be competitive, modern companies manufacturing
air compressors are required to implement both lean and agile manufacturing paradigms. This
imperative can be met by implementing leagile manufacturing paradigm [12]. In other words,
the need of the hour today is to compress theoretically the leagile manufacturing paradigm
into air compressor manufacturing environment. This task has been accomplished in the
research presented in this paper.

2 Research Methodology

The research being presented here was carried out by following the methodology shown in
Figure 1. As shown in this figure, this literature survey was begun by searching research
papers containing the theories and applications of leagile manufacturing in the production of



air compressor. These research papers were searched in science direct database and databases
maintained by four publishers namely Emeraldinsight, Taylor & Francis, Springerlight and
Inderscience. The keywords used while carrying out these searches were ‘leagile
manufacturing' and 'air compressor'. This search did not yield any relevant results indicating
that no reseach on applying leagile manufacturing in air compressor manufacturing has so far
been carried out. Hence, papers reporting researches on leagile manufacturing and air
compressors were gathered separately from the above databases. Then these papers were
reviewed in two phases. These two phases of literature review were carried out in parallel.
While carrying out this literature review, the basic theory and 'state of the art' researches on
leagile manufacturing and air compressor were studied. By referring to the information drawn
by conducting these reviews, the research gap was identified. The primary research gap
identified was the absence of researches on developing the theoretical and practiced concepts
of implementing leagile manufacturing paradigm in air compressor industry. In order to fill
this gap, the connectivity between leagile manufacturing and the manufacturing of air
compressors was extracted from the information gathered by conducting the above two phases
of literature review. The details of conducting this literature review are presented in the
subsequent sections of this paper.

manufacturing and air compressors

v
Gathering of papers reporting Gathering of papers reporting
researches on leagile researches on air compressor
manufacturing

v L]
Reviewing of the researches Reviewing of the researches
reported in the gathered papers reported in the gathered papers

Identification of the research gap

Figure 1: Research methodology

3 Researches on Leagile Manufacturing

While carrying out the literature review being reported here, the papers reporting the
researches on leagile supply chain management were excluded. Instead, the papers reporting
researches exclusively on leagile manufacturing were reviewed. The observation, information
and knowledge derived by carrying out this literature review are presented in this section.



The origin of leagile manufacturing concept occurred in the research field with the publication
of Naylor et.al. [15] which contained the seminal work on leagile manufacturing. Leagile
manufacturing paradigm is incorporated with pull and push systems. When the requirement is
stable and bulk, push system is followed along the supply chain. When the demand is dynamic
and customized, the pull system is required to be followed along the supply chain. The point
which separates the adoption of pull and push systems is called as decoupling point [25].While
implementing leagile manufacturing paradigm, the decoupling point has to be chosen in such a
way that the mass customization is achieved to the highest possible extent. The
implementation of leagile manufacturing paradigm and benefits achieved has been narrated in
Naylor et.al. [15] by describing a case study involving the supply chain of a personal computer
manufacturing company. Subsequent to the publication of this paper, many researchers
worked on leagile manufacturing paradigm and presented research papers which were
published in various journals [26, 27]. The contents of these papers have been briefly
highlighted in the following paragraphs.

Chan et. al. [28] have mentioned that leagile manufacturing approach is integrated with
process planning, scheduling and outsourcing for improving the performance of
manufacturing companies. An algorithm called 'Enhanced Swift Convergence Simulated
Annealing' (ESCSA) was developed by incorporating the salient features of genetic algorithm,
simulated annealing and a fuzzy logic controller. While concluding, it is suggested that leagile
manufacturing paradigm has to be implemented in various manufacturing environments to
enhance flexibility in operations and meet the modern customer requirements. Shukla and
Wan [29] have reported a research on leagile manufacturing in which transshipment was
applied. While conducting this research, the positioning of decoupling point was managed
through the concept called postponement. In this paper, instead of postponement,
transshipment was adopted. In order to achieve leagility through transshipment, a model
named as 'Leagile Inventory Location Model' (LILM) was developed in this research. While
concluding the paper, certain features are suggested for inclusion in LILM for making it
suitable for implementation in real world scenario.

Shahin and Jaberi [19] have mentioned that postponement, mass customization and
modularization are three major strategies of leagile production. A model encompassing these
three strategies has been proposed. The effectiveness of this legile production model was
tested by applying Six Sigma methodology. Wang et.al.[30] laid the foundation for initiating
the researches under the domain named as 'leagile software development'. In the beginning of
the paper, the fundamentals of lean manufacturing principles are discussed. Then, the
application of these principles in software development has been appraised under two topics
namely 'lean software development' and ‘agile software development'.

After presenting the theory and research on lean, agile and leagile manufacturing paradigms,
Matawale et.al. [31] have mentioned that it was required to identify the enablers of leagile
manufacturing paradigm and establish the inter-relationship existing among them. The
research carried out to fulfill this need has been presented in this paper. In this regard, a case
study has been reported. While conducting this case study, the enablers of lean, agile and
leagile manufacturing were identified. The technique called 'interpretive structural modelling'
(ISM) was applied to establish the relationships among them.

Razmi et.al. [32] has addressed the method of enhancing the performance of organizations by
infusing leagile characteristics. The situation depicted through this mathematical model is
called 'a hybrid fuzzy bi-objective nonlinear programming H-FBONLP problem'. The



usefulness of this model in imparting the leagility on a facility has been demonstrated by
considering a numerical example. The result of this research indicated that the proposed model
has the potential to enable the engineers for identifying the activities which are required to
influse the leagility characteristics in organizations.

Lemieux et al. [33] have reported a research in which a leagile transformation model for
product development was developed. Increasing competition has been forcing the
organizations to develop variety of products to fulfill customer needs. Some of the products
require the implementation of lean manufacturing principles for meeting the requirements of
the competition. Other products require the development through the application of agile
manufacturing principles. This situation indicates the need to implement leagile manufacturing
principles for carrying out the product development. In order to implement leagile
manufacturing principles, researchers have been striving to develop transformation models. In
those models, the integration of transformation activities with the strategic objectives of the
organization has not been clearly addressed. Moreover, these transformation models are
devoid of structured approach which is essential for achieving competitive strength . In order
to overcome these deficiencies, the transformation model developed during this research was
incorporated with eight capabilities. Some of them include the ‘applicability through structured
approach' and 'adaptable to enable the effective implementation of leagile manufacturing
principles'. After developing this model, a case study was conducted in a luxury products
manufacturing company. The leagile transformation model was implemented in this company
by following these three stages. On implementation of this transformation model, many
quantitative and qualitative improvements were achieved. Particularly, there was a reduction
of 25% in the time to market of new products. Further, multi-team based activities became
operational for implementing the leagile manufacturing paradigm.

Nieuwenhuis and Katsifou [25] have dealt about lean, green, agile and leagile manufacturing
paradigms. These paradigms have been discussed from the point of view of enhancing the
performance of automobile companies. To begin with, the way of achieving sustainability
through the integration of lean and green manufacturing paradigms has been discussed. It is
claimed that the environmental damages caused by the automobile industries is very high.
Hence, the integrated lean and green manufacturing paradigm is required to facilitate the
automobile industry for producing sustainable cars in low volume. It is mentioned that the
effectiveness of applying leagile manufacturing paradigm can be enhanced through the
location of decoupling point and moving the same towards the customer end. Along the
upstream of supply chain, lean manufacturing is implemented. Along the downstream of the
supply chain, agile manufacturing is implemented. Moving of the decoupling point towards
the customer end can be achieved by applying the postponement concept. After acquiring this
theoretical knowledge, the supply chain of the company called Morgen Motor was studied.

In total, the researches described in the above papers have indicated that the location,
movement and positioning of decoupling point are the core aspects of implementing leagile
manufacturing paradigm which will enable the companies to acquire sustainable and
competitive strengths.

4 Researches on Air Compressors

A search was made in literature arena to review the researchers conducted by involving air
compressors. As more than 79,000 papers reporting researches on air compressors have



appeared in literature arena, it was decided to review the papers reporting reviews of
researches on air compressor. A search carried out by using 'review of researches on air
compressors' resulted in the listing of seven papers. The reviews reported in these papers are
briefly described in the following paragraphs of this section.

Lei et.al. [18] have reported the review of researches conducted to identify the ways of
eliminating or reducing rotating stall in centrifugal air compressors. Rotating stall refers to the
phenomenon of drop in pressure recovery while using diffuser or impeller in centrifugal
compressors. The rotating stall occurring in centrifugal air compressors leads to pressure
fluctuation and flow instabilities. These problems affect the performance of centrifugal air
compressors. In order to find the solutions for overcoming the rotating stall problem,
researchers have conducted analyses in four directions. While concluding, it is mentioned that
rotating stall highly affects the performance of centrifugal air compressors. It has been
suggested that the best injection effect is to be studied by inputting wide range of injection
mass flow rate values. Further, it is suggested to study the role of diffuser in reducing rotating
stall in centrifugal air compressors in real time practice.

Liang [34] has reviewed the activities that have been reported with respect to linear
compressor. A conventional reciprocating compressor requires a crank to reciprocate the
piston, whereas linear compressor does not require a crank and is run using electrical motor.
Despite many advantages over the crank driven compressors, the linear compressor suffers
from certain disadvantages. One disadvantage is the high cost of manufacturing the linear
compressor, as it is incorporated with rare earth materials. Because of these disadvantages, the
use of linear compressor in vapor compressor refrigeration system has been very rare. In order
to avail the advantages of using linear compressors, some improvements in the designing of
linear compressors have been suggested. In line to this development, a company by name Sun
Power has been selling household refrigerators fitted with linear compressor. Certain
challenges are yet to be overcome by the researchers and practitioners. Eleven such challenges
are listed in this paper.

Li et.al.[35] have reviewed the researchers reported in literature arena in which several efforts
were made to arrest the stalling in air compressors used in aero-engines. It has also been
claimed that “tip air injection" was adopted by the researchers who have been striving to find
solutions for preventing the occurrence of stalling in axial compressors. These researches have
been carried out largely along two directions. Along one direction, the design of air axial
compressors and tip air injectors for preventing the stalling effect were studied. Some of the
design parameters studied by these researchers are, injected pitch angle, Coanda effect and
injected yaw angle. The photograph of prototype of Coanda injector has also been presented in
this paper. Though many solutions have been obtained in the researches conducted in the past,
it is suggested that further researches may be conducted to derive the knowledge which can be
applied to prevent the stalling effect in air compressors.

The design of the currently used air compressors is obsolete [36]. Hence, the efficiency of
operation of the currently used air compressors is low and electricity consumption of the same
is high. The air compressors operating at nine bar exhibit very low performance variability.
Similar research has been reported in [37]. In this paper, the cost saving in electricity has been
explored by replacing 'water cooled' and ‘air cooled' air compressors in place of the currently
used industrial compressors. The parameters namely net present value (NPV) and payback
period were used for carrying out this exploration. The cost saving achievable through the



decreased electricity consumption under various conditions of replacing the existing industrial
compressors with the new air- and water-cooled compressors has been presented.

The reviews presented in the above papers have indicated that researchers have been largely
studying the characteristics of air compressors which are used for a long time in
manufacturing world. Although these developments coincide with the development pattern of
legile manufacturing, the explicit researches on implementing legile manufacturing paradigm
is yet to start in air compressor manufacturing domain.

5 Connectivity between Leagile Manufacturing and Air Compressor
Production

A few researchers have investigated the implementation of leagile manufacturing in
automobile sector [19, 25]. This is due to the reason that during the past two decades,
automobile industry has been required to deliver conventional, innovative and partially
innovative products and services to the customers. Hence, spontaneously, automaobile, industry
has been imbibing leagile manufacturing paradigm. Further, a research on implementing
leagile manufacturing paradigm in pump industry has been reported in [38]. Many researchers
have worked on improving the performance of air compressor by introducing injection
systems and preventing the stalling effect by suggesting design modifications [36, 37, 39, 40].
Few researchers have explored the way of reducing the electricity consumption while using air
compressors. Collectively, these researches resulted in suggestions for enhancing the working
of the currently used air compressors by introducing innovative features in their design. These
suggestions lead to the need of developing conventional, partially innovative, and innovative
air compressors. As mentioned earlier, this inference reveals the need to implement leagile
manufacturing paradigm in companies manufacturing air compressors. Studying the impact of
such implementation in air compressor industry is the need of the hour for producing
conventional, partially innovative and innovative air compressors.

6 Conclusion

The research presented in this paper was carried out to attain three objectives. In order to
attain the first objective, the meaning and essentials of leagile manufacturing paradigm had to
be studied. In order to attain the second objective, the trend of researches on air compressors
as reported by the researchers had to be studied. In order to attain the third objective, the
research gap with regard to the implementation of legible manufacturing paradigm in the air
compressor manufacturing industry had to be identified. These objectives were attained in
three phases. During the first phase, the papers reporting the researches on leagile
manufacturing paradigm were reviewed. At the end of this review, the knowledge on the
theory and implementation of legible manufacturing paradigm was acquired. During the
second phase, the papers reporting the literature reviews on air compressor were reviewed. At
the end of this phase of the literature review, the state of the art researches on air compressor
could be identified. During the third phase, the results of two reviews which were obtained
during the above two phases of the work were analyzed. The results of this analysis indicated
the research gap which needs to be filled by the modern researchers for enabling today’s air
compressor companies to enhance their performance for meeting not only the requirements of
world level standards but also for acquiring competitive strength. The major research gap



found was the absence of research on implementing legible manufacturing paradigm in air
compressor industry. Particularly, the absence of a model for implementing legible
manufacturing paradigm in air compressor industry is found to be a significant research gap.
Hence, it is the need of the hour for carrying out researches on the theory and practice of
implementing legible manufacturing paradigm in air compressor industry.
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