Int J Adv Manuf Technol (2011) 52:1091-1101
DOI 10.1007/s00170-010-2788-y

ORIGINAL ARTICLE

A survey on lean practices in Indian machine tool industries

M. Eswaramoorthi - G. R. Kathiresan - P. S. S. Prasad -
P. V. Mohanram

Received: 25 December 2009 / Accepted: 15 June 2010 /Published online: 1 July 2010

© Springer-Verlag London Limited 2010

Abstract Every manufacturing industry has put in
continuous efforts for its survival in the current volatile
economy. In order to face the situation, industries are
trying to implement new and efficient techniques in their
manufacturing operations. Some of the established tools
in this context are lean practices, and its realization has
been growing among the industries, particularly in
automobile sector. To look beyond the auto-industry, a
survey has been conducted to identify the status of lean
practices in the machine tool manufacturing, which is
one of the constituents of automobile value chain. A
questionnaire tool applicable to machine tool environ-
ment has been designed and validated. The data recorded
through the survey across the core machine tool
manufacturers have been analyzed, and the results are
presented. The results show that the status of lean
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implementation in the machine tool sector is still in
infant stage. The reasons for low priority towards lean
practices among the industries have been identified, and
suitable measures have been suggested to address the
problems. This will further assist the machine tool
industries to gauge their level of leanness and will serve
as a foundation for future research.

Keywords Lean tools - Waste - Mass production -
Takt time - Lead time - Value chain - Value-added activity -
Non-value-added activity

1 Introduction

The business cycle in machine tool manufacturing closely
follows the general economic cycle and has therefore always
been subject to cyclical fluctuations. Businesses need to
compete efficiently and quickly respond to market needs and
niches. There is no doubt that the machine tool manufacturers
are confronted with challenges and looking to implement
improvements in their key activities or processes to cope with
the market fluctuations and increasing customer requirements.
Applying lean manufacturing philosophy is one of the most
important concepts that help businesses to compete. Lean
manufacturing or lean production, simply known as lean, is a
production practice, which regards the use of resources for
any work other than the creation of value for the end customer,
is waste, and thus a target for elimination [1]. The automotive
sector, which is extensively practicing lean concepts, can be
considered as the major end user of machine tools [2]. The
lean methods need to be systematically extended to the
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machine tool industry, so that the whole value chain will
become lean, thereby, maximizing the benefit to customers
and other stake holders. Even though the roots of lean
concepts were evolved from mass production, its implemen-
tation in low discrete volume production of engineering
products like machine tools has so far received less attention
in the scholarly literature. With this back ground, an objective
is set to evaluate the status of awareness and implementation
of lean practices and to identify the lean needs for Indian
machine tool manufacturing sector. A questionnaire-based
survey was carried out, and the results are analyzed. The
survey findings such as existing level of lean practices,
reasons for less priority to lean concepts, type of lean tools
employed, and perceived level of different wastes and the
common difficulties encountered by the Indian machine tool
manufacturers are discussed in this paper.

2 Literature review

Lean manufacturing (LM) is a multi-dimensional manage-
ment practice including just in time, quality systems, work
teams, cellular manufacturing, supplier management, etc.,
in an integrated system. The core motivation of lean
manufacturing is that these practices can work synergisti-
cally to produce finished products at the pace of customer
demand with little or no waste. The characteristics and
impacts brought by lean practices have been presented in a
number of works [1, 3-7]. It is demonstrated in the
Japanese automotive industries as Toyota Production
System (TPS) [8, 9]. TPS allows the continuous improve-
ment of a business through the relentless elimination of
waste, or non-value-added activities. Waste, in TPS, is
defined as anything that does not add any value to the
product or service from a customer’s perspective [9]. There
are seven types of fundamental wastes defined in TPS—
correction, overproduction, motion, material movement,
waiting, inventory, and processing [10]. To eliminate these
wastes, TPS uses tools such as workplace organization,
visual communication and control, quick changeovers, pull
system, error proofing, etc. [1, 9—13]. Further, features of a
typical LM model include: single piece flow production,
non-value-added time elimination, production in the work
content time only, relocation of required resources to the
point of use, and leveled production by all the processes at
the Takt time [14]. Pavnaskar has studied and organized a
total of 101 lean manufacturing tools to serve as a link
between manufacturing waste and lean tools to assist
companies in lean transition [15].

The successful application of various lean practices had
a profound impact in a variety of industries, such as
aerospace, computer and electronics manufacturing, forging
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company, process industry (steel), and automotive manu-
facturing [16-20]; as a matter of fact, some industry may
already be using some of the methodologies without
actually realizing it. A study of the literature indicates that
survey-based lean assessment work has been carried out in
Australian manufacturing industry [21], electronics manu-
facturing [22], Spanish ceramic tile industry [23], and
Malaysian electrical and electronics industry [24]. In light
of the above findings, the present study is the first attempt
that explores the degree of use of lean practices in machine
tool industry and provides direction for future research.

3 Research objective and methodology

The primary aim of this study is to find out the needs and
examine the degree to which the concepts of lean
manufacturing are put into practice within Indian machine
tool industries. In order to congregate the overall goal of the
research, the survey methodology shown in Fig. 1 has been
followed.

The questionnaire design proceeds in a systematic way
with each item in the flow chart depend upon the successful
completion of all the previous items. Therefore, it is
important not to skip a single step. There are two feedback
loops in the flow chart to allow revisions to the method-
ology and instrument. The survey instrument is developed
into two modules by setting the following major topics as
objectives. These different topics have then been converted
and elaborated as explicit research questions in consultation
with academicians, experts from machine tool industries,
and most commonly cited lean manufacturing practices
from the literature [7, 26].

Module I

* The status of lean manufacturing implementation.

» The motivation for lean implementation.

* The frequency of using different lean tools in machine
tool industries.

* The general barriers/challenges in lean implementation
concepts.

» Self-assessment of waste level.

Module II

Demographic data of industries—A separate section is
included for demographic data.

This section contains questions related to work history and
production details.

Five-point Likert scale has been used to state the
respondents opinion with a minimum rating of 1 and
maximum rating of 5 with an equal interval of 1 [27].

A full set of questionnaire is provided in the Appendix.
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Fig. 1 Survey methodology [25]

3.1 Sampling plan

The machine tools industry can be divided into metal
cutting and metal forming sectors. This survey mainly
considers metal cutting machine tool manufacturers
(conventional and computer numerically controlled
machines) operating in India as population for study.
The population of metal cutting machine tool industries
in India under the organized category is about 150
[28]. The leading machine tool manufacturing industries
located in various parts of India [29] are considered as
sample for this study. The questionnaire was sent to the
top executives of machine tool manufacturing industries,
suppliers, and machine tool end users by mail. The
respondents to the questionnaire were Managing Direc-
tors, General Managers, Deputy General Managers,
Senior Managers, Assistant Managers, and shop floor
engineers.

3.2 Construct validity

The face and content validity of questionnaire was
determined by the industry and academic experts who are
familiar with lean concepts. Based on their feedback, some
changes were made before the questionnaires were distrib-
uted. In order to predict the reliability, Cronbach’s alpha
coefficient has been estimated using SPSS 15.0 (Statistical
Package for Social Sciences) software.

3.3 Hypothesis formulation

Industry was the component of analysis in this study, and
sources of information were responses from the industries.
The following hypotheses have been developed to test the
significance of the responses.

Null hypothesis Hy: The responses given by the
industries to the survey items
are not significant.

Alternative hypothesis H;: The responses given by the

industries to the survey
items are significant.

4 Results and discussion

Reliability of the data is very important as the influences
are derived from the collected data. Followed by the face
and content validity, the questionnaire was checked for its
reliability using Cronbach’s alpha coefficient. Cronbach’s
alpha was calculated for two groups of questions, and the
same is listed in Table 1.

Cronbach’s alpha coefficient reflects the good internal
consistency of the data gathered. It is in the range of 0.782
to 0.966 and a value greater than 0.7. Hence, it may be
concluded that the data collected from the field survey are
reliable and can be used for further analysis [30].

4.1 Company demographics
The frequency counts in this particular section of question-
naire bring out the information about the respondents and

their distributions as shown in Fig. 2. Out of 150
questionnaires sent, 43 responses were received, at a 29%

Table 1 Cronbach’s alpha values for the related questions

Question nos. Cronbach’s alpha, o

4 (ab), 4 (ac)
4 (a), 4 (ad)

0.782
0.966
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Fig. 2 Overall distribution of type of industries responded

response rate. The above response rate is considered
reasonably good based on the recent survey-based research
in operations management (7.47% [31], 13.5% [7]) and
supply chain management (6.3% [32]).

The result shows that 86% of the responses are from
machine tool original equipment manufacturers (OEM)
followed by 12% from machine tool end users and 2%
from machine tool suppliers. For further analysis, the input
from machine tool manufacturers (OEM) and their suppli-
ers were considered. As such, the extent of lean implemen-
tation is determined for the entire sample by calculating
Likert scale mean and standard deviation. Higher scores are
indicative of higher level of implementation and vice versa.
The perceptions of respondents on lean practices were
analyzed, and the observations are discussed in the
following sections.

4.2 Hypothesis testing

The Statistical Package for Social Science 15.0 (SPSS) has
been used for analyzing the data. In order to ascertain the

Table 2 Results of non-parametric Friedman’s test

statistical difference among participants’ response, a non-
parametric Friedman’s test was conducted using a 0.05
level of significance. The results are tabulated in Table 2.

Table 2 shows the sub-titles of questionnaire and
corresponding degrees of freedom. The critical value is
obtained from the statistical table [33] and compared with
the test statistics calculated using SPSS. The calculated test
statistics value in all the three cases exceeds the critical
value. So, the null hypothesis H, is rejected and alternative
hypothesis H; is accepted. This result proves that there is a
significant degree of difference among the participants
response.

4.3 Reasons for low priority towards lean implementation

Based on the industry response, the status of lean
implementation in the industries is grouped into five
categories. The category wise response is portrayed in
Fig. 3.

It can be seen that out of 38 responses received from
machine tool manufacturers and its suppliers, only 31.6%
of the industries have started implementing lean concepts
in selected areas, with an average duration of 3 years.
And about 15.8% are at planning stage and 7.9%
companies would implement lean concepts after training
within a year at the most. The remaining 17 companies
(44.7%) have not yet taken up the lean initiatives, for a
number of reasons. The responses for low priority
towards lean implementation in machine tool industries
are depicted in Table 3.

Table 3 shows the mean, standard deviation, and
percentage of industries opted for specific reason whose
response level is greater than mean value. These results
predict that survey participants regard the “Effort required
to change the mind-set of workers” as the important reason
and “Low perceived benefits” as the least important based
on the average mean value. The reasons for the above
observations are presented as follows.

The major reason for the low priority to lean practices is
related to the human behavior (mean=3.5). The difficulty

S. no. Sub-titles of questionnaire Degrees of freedom  Critical value Calculated test ~ Result

(n—1) 03o) statistics
1 Reasons for low priority towards lean implementation 37 52.19 70.59 Hy is rejected
2 Status of lean tools employed in industries 37 52.19 75.04 Hj is rejected
3 Important hurdles in lean implementation 37 52.19 69.25 Hy is rejected.

n total no. of responses, x° Chi-square distribution, a level of significance
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Fig. 3 Status of lean implementation in machine tool industries

of changing the mind—set of the people was strongly
supported by the literature [24, 34-36]. The resistance to
change may be because of fear of losing jobs, perception of
additional workloads, and reduction of existing process
time due to elimination of non-value-added activities. It
might be possible to change the mind-set of employees if
we could make them more aware of the lean benefits,
consequences of waste, and survival of industry in the
emerging economy. In the same way, more time required to
implement lean concepts, inadequate lean training oppor-
tunities, too general procedures and not industry—specific,
less lean awareness programmes in India, are few more
significant factors leading to low priority in lean imple-
mentation. It has been observed from the literature that the
biggest challenge in adopting the lean approach is to know
which of the tools or principles to use and how to apply

Table 3 Reasons for low priority towards lean implementation

them effectively [26, 37]. So, the tools must be tailored to
the realities of specific environments [38]. Another impor-
tant point to be noted here is that lean is to be seen as a
direction, rather than as a state to be reached after a certain
time [39]. In addition to the above reasons, high consul-
tancy fee and initial investment are perceived to be the
obstacles to successful implementation of lean practices.
These are related to “cost factor.” Therefore, to get the
ample support of management, it needs a detailed cost—
benefit analysis. But, the benefits could be achieved only
by transforming the employees as lean thinkers. To
transform them as lean thinkers, suitable training and
practices are the appropriate solutions. Further, the reasons
like lack of stiff competition and lower perceived benefits
are the choice of respondents for poor lean implementation.
Also, becoming lean is not as easy as it seems, and
misapplication of certain tool may result in additional
wastage of resources and money [37].

4.4 Analysis of lean tools employed

There are different types of tools and techniques available
for waste reduction or elimination [40]. These tools are
labeled with multiple names; some of them have common
characteristics with other tools. The participants are
provided with a list of 36 lean tools and asked to indicate
the frequency of application of these tools on a scale of 1 to
5, where 1 indicates never used; 2, rarely used; 3, partially
used; 4, frequently used; and 5, continuously used. The
responses are presented in Table 4.

The results of the survey highlight the status of
different lean tools practiced with the mean value
varying between 1.5 and 2.4 and covers up to 28 lean

Reasons for low priority towards lean implementation Mean SD % of industry response>mean
Effort required to change mind-set of workers 35 1.4 66
Too much time and more effort are required to implement lean 33 1.5 50
Inadequate training opportunity 32 1.3 45
The procedures are too general and not industry specific 32 1.2 45
Not an industry norm like ISO 3.1 1.2 50
Lean awareness program in our country is less 3.1 1.5 39
Lack of lean techniques awareness 3.0 1.3 47
The cost of consultant fee for training is high 3.0 1.2 34
Implementing lean projects need more investment 2.7 1.0 18
Lack of stiff competition 2.0 1.0 32
Low perceived benefits 1.9 0.9 24

SD standard deviation
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Table 4 Status of lean tools employed in industries

Type of lean tool Mean SD % of industries response>mean
Cross-functional team (CFT) 2.8 1.6 58
Work standardization 2.6 1.7 50
Process capability 2.5 1.4 47
Value engineering/value analysis 2.5 1.6 53
5S/foot prints 2.5 1.6 47
Root cause analysis/cause and effect diagram 2.5 1.4 53
Multiskill workers 2.5 1.6 45
Mixed model production 2.5 1.7 45
Kaizen 2.4 1.6 45
Target costing 24 1.5 47
Mistake proofing (Poka-yoke) 2.4 1.4 53
Failure mode and effect analysis (FMEA) 2.3 1.5 50
Supplier management (Keirestu) 2.3 1.4 39
Batch size/lot size reduction 2.2 1.6 37
Design for manufacture and assembly (DFMA) 2.2 1.6 39
Total productive maintenance (TPM)/OEE 2.2 1.5 39
Just in time (JIT)/pull system/Kanban 2.1 1.5 39
Visual management 2.1 1.4 32
New process equipment and technology 2.1 1.4 37
Single piece flow 2.1 1.5 32
Ergonomic work station [41] 1.9 1.2 42
Quality management system (QMS) (ISO9000, TS16949) 1.9 1.4 39
Indexed flow line 1.9 1.4 34
Line balancing (Heijunka)-leveling variety/volume 1.9 1.5 34
Quality function deployment (QFD) 1.9 1.2 42
Total quality management (TQM) 1.9 1.2 39
SQC 1.9 1.2 39
Cell layout 1.8 1.2 42
Value stream mapping (VSM) 1.8 1.3 37
Autonomation (Jidoka) 1.8 1.2 39
Calculation of Takt time 1.8 1.3 32
Part-set concept 1.8 1.1 37
Single minute exchange of dies (SMED) 1.8 1.3 32
Andon 1.7 1.2 37
Video time study 1.6 1.0 34
Milk runner system 1.5 1.1 21

SD standard deviation

tools (out of 36) and delivers an important message that
most of the lean tools are rarely used in machine tool
industries. The results further indicate that the funda-
mental building blocks of lean manufacturing, like milk
runner system, andon, single minute exchange of dies,
part-set concepts, value stream mapping, and cellular
layout, are less frequently practiced in machine tool
industries. Understanding the reasons behind low level of
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lean practices is important to make lean implementation
possible in machine tool industries. The main reasons are
lack of awareness, uneven adoption of lean tools, and
tools not tailored to the user’s needs. Herron and
Braident [42] and Bhasin and Burcher [43] also suggested
to embrace more lean tools rather than practicing one or
two isolated ones to support the overall strategy of the
industry and to realize the potential benefits of lean.
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Table 5 Important hurdles in lean implementation

Barriers in lean implementation Mean SD % of industries response>mean
Lower volume of demand 3.6 1.4 76
The customer orders are highly fluctuating/varying 3.6 1.6 71
Customer-specific tooling 33 1.3 74
Long lead time to produce a machine tools 33 1.5 63
Frequent design changes 32 1.5 45
It does not address the needs of machine tool industries 2.9 1.3 66
Most of the machine tool components are bought-out items 2.9 1.5 66
Resource constraints with reference to volume 2.9 1.3 71
Handling of big size machine tool components in shop floor are difficult unlike in mass 2.8 1.6 55

production

SD standard deviation

4.5 Barriers in lean implementation

The analysis of the results summarized in Table 5 indicates
the difficulties experienced by the machine tool industries
in lean implementation.

Table 5 indicates that the lower volume of demand and
highly fluctuating/varying customer orders are the serious
hurdles faced by the industries (mean value=3.6). In the
same way, the following reasons are indicated as other
obstacles in lean implementation.

*  Customer-specific tooling

* Long lead time to produce a machine tool

* Frequent changes in design

* Does not address the needs of machine tool industries

* Rely on bought-out items

* Resource constraints with reference to volume

* Perception of difficulties in handling of big size
machine tool components unlike in mass production

The above factors may have a significant influence on day
to day operational strategy variation. An industrial study
conducted as a part of the present research work has
revealed that most of the machine tool manufacturing
activities are highly influenced by the customers. So, the
level of adoption of lean production differed between mass
production and low-volume high-variety environments
(machine tool manufacturing).

4.6 Prevailing status of lean wastes
Another important area worth exploring was awareness

about waste prevailing in organizations. The consolidated
responses are presented in Fig. 4.

Figure 4 highlights the waste level in three categories
such as low, medium, and high. It was found that the major
wastes indicated as medium level are inventory, waiting,
motion, re-work, process resetting, and underutilized people.
The options for higher level of wastes are re-work, inventory,
and underutilized skills of employees. These results indicate
that the factors discussed in Section 4.5, like lower volume
of demand, fluctuations in customer orders, and customer-
specific tooling (accessories), might have influence on waste
generation. Since the varieties are high, possibility of
committing mistakes will also be high (working with
different products every time). The shop floor employees
learn lessons from previous defects and failures and use
them for defect prevention in case of repeated orders. So, it
is concluded that the variety change, frequent design
changes, and customer influence on manufacturing process
play a significant role in waste generation.

The other wastes like inventory and waiting are the
consequences of re-work and process resetting. It is

BHigh OMedium BLow

_ 15% lI Ias-o; )

% of Industries response

Types of waste

Fig. 4 Prevailing status of lean wastes
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observed by the authors during the interaction with some of
the respondents that lead time for purchase (more than
3 months) and minimum purchase quantity of major
machine tool components like servo drives/motors, preci-
sion spindles, ball screws, linear guide ways, and precision
bearings (since the components are imported) may be the
other significant waste drivers for high inventory. Jha’s [44]
report on “Competitiveness of Indian manufacturing indus-
try” revealing the realities of inventories which are being
used to meet demand rather than developing a quick
response manufacturing to meet changes in market needs
also supports the results of this survey. Lean manufacturing
begins with a focus on customer’s desire and subsequent
production based on customer pull. But, the emerging
environment with volatile demand, high product variety
with lower volume challenges pull production. It indirectly
forces to keep more resources to satisfy the customer needs
and confronts the lean implementation. The selection of
appropriate production control methodologies such as push,
pull, and hybrid push—pull systems to avoid inventory
generation and have a smooth production as discussed by
Karmarkar [45], De Toni et al. [46], Razmi et al. [47], and
Razmi and Ahmed [48], which also support the issues
prevailing in machine tool industries.

Further, the low volume of demand may be the reason
for using skilled people to other work, which leads to
predominantly stated waste in the form of untapped human
skills. Also, most of the industries are using problem-
solving tools like cross-functional team, root cause analysis,
58S, and so forth as lean tools. The study results reveal that
the lean concepts are not attempted in a coherent way. A
true understanding of lean manufacturing and its benefits
begin with a clear understanding of the value-added versus
non-value-added activities from the perspective of the
customers. Therefore, implementation could be constrained
by the need for more in-depth training in lean concepts,
tools and techniques.

5 Conclusions

This paper presented a significant insight into the current
status of lean manufacturing implementation in Indian
machine tool industries, as well as tinted some allied
issues. Firstly, the work has attempted to formulate a
simple questionnaire-based tool to identify the existing
level of lean practices, reasons for inadequate priority to
lean concepts, type of lean tools employed, perceived
level of different wastes, and the common difficulties
encountered by the Indian machine tool manufacturers.
The tool was validated through face, content, and
reliability tests, and then the involvement in lean
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manufacturing activities is studied and discussed. The
survey result revealed that 31.6% of the companies have
implemented different lean tools and techniques in
selected areas. The remaining 68.4% of the companies
have not yet taken up the lean initiatives. The progress in
lean implementation is also snail-paced, and it has a
further scope to develop focused lean concepts, which
could be implemented in other kind of manufacturing
environment like low volume and high variety. It is
concluded that the major reasons for low level of lean
implementation are anxiety in changing the mind-set of
workers, lack of awareness and training about the lean
concepts, and cost and time involved in lean implementa-
tion. Therefore, the machine tool manufacturing compa-
nies need to give attention to implement lean in all the key
areas from a holistic perspective. Appropriate lean
education and research set up in association with indus-
tries has to be fostered and encouraged to stimulate the
lean awareness and higher technological standards in
manufacturing. The role of lean thinking is immense
towards achieving this objective.

6 Limitations and future research

The response to the questionnaire may be limited by
respondent’s knowledge about lean practices. The person
who has extensive knowledge about lean manufacturing
could only provide correct response to the questionnaire;
else, the outcome will be unreliable input data/poor
response rate. Despite these limitations, this study will
provide a foundation to trigger furthering lean practices
research in machine tool manufacturing sector.

Further research in this area is needed to develop a
suitable training demonstrator to teach lean concepts, train
the employees, and transform them as lean thinkers. This
would help to foresee the firms operations, learn to
recognize the value-added and non-value-added activities,
and inculcate the habit of wearing “muda spectacles” at all
times by everyone. Further, a detailed description of how
the lean concepts could be systematically combined, to
facilitate the organizations to meet the Takt time in
confronting surge and volatile environment, needs to be
addressed. This new proposal has to be effectively
implemented, not only to manufacturing industries, but
also to reach the minds of young engineers.
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