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OPTIMIZATION OF PERFORMANCE MEASURES
FOR THE IMPROVEMENT OF LEAN
MANUFACTURING SYSTEM
S.R. MAHENDRAKAR
Abstract: Lean Manufacturing System works in every area of the value stream by
reducing waste in order to reduce lead time, minimizing cost, optimal arrangement of
activities, and remain competitive in a rising global market. This research attentions
the implementation of lean philosophy in brake lining company with focuses on
arrangement of resources. In the present work the use of Lean Manufacturing is to
generate strategies to eliminate waste on the shop floor. The Lean Manufacturing tools
such as Kaizen were employed to decrease the waste. This paper describes a case study
considering changeover time as a performance measures to improve the flow of
production by arranging the operations activities. Finally the results obtained show
the improvement in the shop floor region.
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1. Introduction
To be competitive and profitable, the industry has to be quick to respond to the
rapidly changing world in which, emerging economies, new concepts and philosophies
of doing business, technical developments and ever changing needs of customers pose
serious challenges to its survival.
Because of this the manufacturing systems have been drastically changing over
the period of time, which is a continuous process [7, 12].Lean manufacturing system
(LMS) is a philosophy that aims to improve productivity and reduce waste. Lean
manufacturing focuses less floor space, optimal utilization of time, less use of
equipment and tools and less workers in completing an order [10, 17, 18]. Examples of
waste minimization consist of the reduction of process and product defects, less scrap,
and low inventory [4].
Vinodh et al. [16] suggests that the objective of lean manufacturing is to reduce
waste in terms of work-in-process (WIP) inventory time in transferring the material
and setup time [3]. Waste can be defined in another way that does not contribute value
to the product, for which the customer is unwilling to pay. Some of the wastes are
overproduction, WIP inventory, finished parts inventory, transportation, defects, and
scrap [8].The implementation of lean manufacturing concept in the different sectors
has been recorded in the literature in recent years. The analysis of case studies dealing
with the application of lean manufacturing can be found in steel production [1],
aerospace manufacturing [2].
Pattnaik et al. [11] combined the concept of lean manufacturing with cellular
manufacturing to improve the efficiency of ammunition components manufacturing.
The present work was conducted at SBL Limited, India, engaged in manufacturing
brake linings.
The main aim of present work is to (1) present an overview of LMS; (2) state the
relevant information about the manufacturing processes; and (3) implement a lean
manufacturing system to improve productivity of brake lining manufacturing at SBL
Limited.
2. Lean manufacturing tools
A manufacturing system which is defined as a collection of integrated equipment
and human resources, the basic function of which is to execute one or more processing
and/or assembly tasks on a starting raw material, part or set of parts.
Lean manufacturing suggests many tools, which can assist in making the value
to a customer in a simpler way. Some of the most broadly used tools are total productive
maintenance (TPM), value stream mapping (VSM), JIT, 5S, and Kaizen [5].
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2.1 Total productive maintenance
TPM is a management philosophy that focuses on connecting all employees in a
manufacturing organization in equipment improvement. It consists of different
methods, which are known from maintenance management experience to be effective
in improving reliability, quality, maintainability and production.

2.1.2 Total productive maintenance
Value stream mapping is also known as VSM. It is one of the most successful tools of
lean manufacturing. VSM mainly focuses the stream of the value and seeks to find the
areas of improvement [6].
VSM focuses on value in the framework of what the customer is willing to pay
not for the wastes generated by the organization [14]. The main objective of VSM is to
find the lead-time associated with a certain product flow throughout a system [15]. The
whole process of VSM can be divided into four key steps: (1)identify the family of
products, (2) generate a current state value stream map, (3) suggests a future state value
stream map, and (4)create an action plan.
2.1.3 Just in time
The aim of JIT is to keep the level of inventory to a smallest amount. This is achieved
by permitting each operation to pull the objects from the precedential operation rather
than pushing objects in the production system.
2.1.4 5S
5S is another useful tool of lean manufacturing, extensively used to maintain the
working area neat, clean, and safe. The name 5S generates from the first letter in the
five Japanese words: Seiri, Seiton, Seison, Seiketsu, and Shitsuke. The Japanese words’
meanings in English are sort, straighten, shine, standardize, and sustain. Usually, 5S is
implemented in bit by bit manner.
In nutshell, all the objects lying at the work centre are differentiated as necessary
and unnecessary objects. Thus, all this unnecessary objects are removed in a sorting
phase. In the next phase, all the necessary items are arranged, and their position is
defined. In a shine phase, the every area of the workplace is neatly cleaned, and the
sources of contamination are identified. In the standardize phase, method is defined to
maintain the improvement. In the sustain phase, the comprehensive program is
developed to train people for good work practice.
2.1.5 Kaizen
Kaizen is one of the most popular terms used in the field of lean manufacturing. Kaizen
means constant improvement. The surroundings is created at the work centre that
enthusiasts people engaged in the day-to-day work to make the method of work more
productive or better by continuously improving it.
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3. Manufacturing processes
The first step in manufacturing of Brake linings is the identification of backing plate
which depends upon the application of it. Next is the machining process to make it
clean and get accurate size.
Because the brake lining is open to atmosphere and often in touch with corrosive
materials so rust prevention material is coated over it. Next is the adhesive material is
put over it to join with friction material. Friction materials are composed of a relatively
soft but tough and heat-resistant material with a high coefficient of dynamic friction.
Friction material is mounted to a solid metal backing using high-temperature adhesives.
The complete assembly (including lining and backing plate) is then clamping and
baking in an oven. Then they are grinding to make it in final shape and size. Finally
they are checked by gauges before packaging and shipping to the customer. Figure 1
shows the process flow chart of brake lining manufacturing.

Fig. 1. Flow chart of brake lining manufacturing
4. Changeover time
Changeover time is the time taken in changing one activity to another activity[17, 18].
The time includes adding and removing the items.
For assembly of friction material and plate different activities are required and to
complete the assembly various tools (Items) are needed (Figure1). These items are the
direct or indirect parts of a machine. In the present case only direct parts are considered.
Table 1 gives different activities and their items(assumed).
Activities
a11
a12
a13
Tab. 1. Activities and its Items
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Table 2 gives the Changeover time in adding the Items from one activity to another.
Items\ Changeover time
a112 a123
a131
c
1
d
3
e
4
f
4
g
6
h
6
Tab. 2. ChangeoverTime (Sec) when adding the Items

a121
1
1
-

a132
2
6

a113
4
4
-

NCAT = α mcij + β mcpq

(1)

α & β are the weights assigned (α + β=1) and i, j, p and q=1, 2, 3 and the assumed value
of α & β are 0.5. E.g. for Item c, NCATc=α mc23 + β mc21 = (1+1)/2=1.
Similarly, normalized changeover addition time for different items can be calculated
and listed in Table 4. Table 3 gives the Changeover time in removing the items from
one activity to another.
Items\ changeover time
a112 a123
a131
a121
C
.5
D
1
E
2
F
1
G
2
3
H
4
2
Tab. 3. Changeover Time (Sec) when removing the Items

a132
.5
1
3
-

a113
1
-

The Normalized Changeover removal time (NCRT) for different Items is given by
NCRT= 𝞼mcij +Ω mcpq

(2)

where 𝞼& Ω are the weights assigned (𝞼 + Ω =1) and i, j, p and q=1, 2, 3 and the
assumed value of 𝞼& Ω are 0.5. E.g. for Item c, NCRTc=𝞼 mc12 + Ω mc32 = 0.5.
Similarly Normalized Changeover removal time for different items can be calculated
and listed in Table 4.
Table 4 gives the normalized value of Changeover time in adding and removing the
Items from one activity to another.
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Changeover
time
when Changeover time when removing the
adding the Items
Items
C
1
0.5
D
2
1
E
3
1.5
F
4
2
G
5
2.5
H
6
3
Tab. 4. Changeovertime (Sec) for different Items (Normalized Value)
Items

Total Changeover Time can be calculated as follows
TCT (Total ChangeoverTime)ij =(µ

𝑡𝑖𝑚𝑒𝑖𝑛𝑎𝑑𝑑𝑖𝑛𝑔𝑡ℎ𝑒Items
𝑇𝑜𝑡𝑎𝑙𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒𝑡𝑖𝑚𝑒

+Ω

𝑡𝑖𝑚𝑒𝑖𝑛𝑟𝑒𝑚𝑜𝑣𝑖𝑛𝑔𝑡ℎ𝑒Items
𝑇𝑜𝑡𝑎𝑙𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒𝑡𝑖𝑚𝑒

)

(3)

where i, j=1, 2, 3 and the assumed value of different weights are µ=.6,Ω=.4, and Total
available time =20 sec. The Items added are g and h and the Items removed are c and
d in changing activity 1 to 2.
Hence Total Changeover Time (TCT12) = 0.5(5+6)/20 + 0.4(1.5)/20 = .4. Similarly
Total Changeover Time for TCT13, TCT23, TCT32, TCT31 and TCT21 can be
calculated and listed in table 5.
S.No.
Total Changeover time
1
TCT12
2
TCT13
3
TCT23
4
TCT32
5
TCT31
6
TCT21
Tab. 5. Total Changeover Time

Results
0.40
0.32
0.43
0.40
0.28
0.40

The Cumulative Changeover-time for different activities are listed in Table 6.
Total
Changeover
Time1
1
a123
0.40
2
a132
0.32
3
a213
0.40
4
a231
0.43
5
a312
0.28
6
a321
0.40
Tab. 6. Cumulative Changeover Time
Sequence of
S.N.
activities
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Total
Changeover
Time2
0.43
0.40
0.32
0.28
0.40
0.40

Cumulative Changeover
Time
0.83
0.72
0.72
0.71
0.68
0.80
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It has been found a312 is an optimum sequence of operations activity and will minimize
the waste in terms of changeover time .
5. Conclusions
The in-tangible benefits obtained after implementation of lean tools are
improved teamwork and communication, better flexibility and visibility improves
safety, improves morale of the workers. Operator training in skill development would
improve competence and thus reduce worker setup and processing time for the
machines/processes used in brake lining manufacturing. The performance measures of
the Lean manufacturing system give an indication to choose the activities in each stage.
In the present study the performance parameter changeover time has been
discussed. This performance parameter is helpful in minimizing the wastes by
optimizing the sequence of operations activity. By minimizing the changeover time the
lead time can be reduced and the system becomes more responsive. In future the
authors plan to develop more performance parameter to the manufacturing system. The
lean manufacturing concepts can be extended to other manufacturing areas of the plant
such as grinding and machining shop. The results can also be shared with other plants.
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