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ABSTRACT

In any organization goods and services are produced for the satisfaction of human
needs. Basic inputs of the production process are men, machines, material, plant,
services and methods and the outputs are goods and services. All organizations are
undergoing the process of production but only a few organizations are concentrating in
productivity improvements. This will either reduce the cost involved in it as well as
increase the profitability of the organization. In the present trend most of the
organizations are reducing their prices to gain competitive advantage by reducing their
quality inputs, but this practice will not hold good for long run, so in order to study on
productivity improvements will raise the output with marginal or no increase in the
input. This can be achieved by optimizing the resources and not on compromising the
quality inputs. The major purpose of this analysis is to systematically find out the ability
of an employee or any other resources in performing this task. Actual performance can
be compared to pre-determined goals and standards for getting the results. Lean
manufacturing is a manufacturing process that productively adds value to materials by
capturing proprietary production processes in manufacturing cells supplied by sole-
source vendors. Lean manufacturing addresses material, administration, and labor costs
including the costs of storing and handling materials within the factory. Hence the main
aim of this paper is to reduce lead-time, work in process inventory, free up floor space
and to increase the production in the manufacturing of diffuser housing by implementing
Lean Manufacturing System.

Keywords: Lean manufacturing system; productivity; diffuser housing;
management of manufacturing systems; cellular systems and
performance analysis.
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INTRODUCTION

Mass production was the production system of the 20th century, lean
manufacturing, which focuses on the elimination of waste in the production
process has been heralded as the production system of the 2lst century.
Although the Japanese automaker Toyota pioneered the concept, the term lean
manufacturing itself was coined in the early 1990s by three researchers,
(Womack, et al., 1990). Lean techniques are also worthy of investigation
because they eliminate large capital outlays for dedicated machinery until
automation becomes absolutely necessary. The concept of lean manufacturing
represents a significant departure from the automated factory so popular in
recent years. Products are manufactured one at a time in response to the
customers requirements rather than batch manufactured for stock. The goal 1s
to produce only the quantity required and no more. This requirement for
maximum flexibility creates unique demands on the lean work cell and the
components that make up the lean work cell. Lean manufacturing is a
performance-based process used in manufacturing organizations to increase
competitive advantage. The basics of lean manufacturing employ continuous
improvement processes to focus on the elimination of waste or non-value added
steps within an organization. The challenge to organizations utilizing lean
manufacturing is to create a culture that will create and sustain long-term
commitment from top management through the entire workforce. Lean
manufacturing techniques are based on the application of five principles to
guide managements actions toward implementation:

1 - Value: The foundation for the value stream that defines what the customer
is willing to pay for.

2 - The Value Stream: The mapping and identifying of all the specific actions
required to eliminate the non-value activities from design concept to
customer usage.

3 - Flow: The elimination of all process stoppages to make the value stream
flow without interruptions.

4 - Pull: The ability to streamline products and processes from concept
through customer usage.

5 - Perfection: The ability to advocate doing things right the first time through
the application of continuous improvement efforts.



M. Murugan and V. Selladurai 160
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Fig. 1. Conceptual Model of Lean

Basic Objective of Lean Manufacturing System is to do more and more with
less and less human effort, less equipment, less time and less space (Figure 1). At
the same time coming closer and closer to providing customers what exactly
they want. It aims to reduce the time line by reversing the sequence of activities
and eliminating non value added operations. Excess production results in waste
because it captures resources too early and retains the value that is added until
the product can be used (sold). In todays highly changing society, many items
are produced before they are sold to customers; they often go obsolete before
demand is realized. This means that a perfectly good product is often scrapped
because it is obsolete. Producing a product simply to keep a production resource
busy (either machine, operator or both) is a practice that should be avoided.

Delays, such as waiting for raw material, also result in the poor use of
capacity and increased delivery time. Raw materials and component parts
should be completed at approximately the time that they will be required by
downstream resources. Too early is not good, but late is even worse. Movement
and transportation should always be kept to a minimum. Material handling is a
non-value added process that can result in three outcomes: 1) the product ends
up at the right place at the right time and in good condition, 2) the part ends up
in the wrong place, and 3) the part is damaged in transit and requires rework or
scrap. Two of the three outcomes are not desirable, which further leads to
minimizing handling. Because material handling occurs between all operations,
when possible, the handling should be integrated into the process, and the
transport distances minimized.
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Fig. 2. Concept of Lean Production System

Continuous process improvement is a critical part of Lean Manufacturing as
shown in Figure 2. Waste can indirectly serve as a good measure of productivity.
Productivity of any system has been defined as the ratio of the desired output to
input. Hence a new concept of Wastage had been propounded, which can serve
as an adequate measure of performance of any system and is rather easy to
measure and the 7 forms of wastes has been shown in Figure 3. The way to
escape the pitfalls faced by manufacturing companies today requires a
redefinition of inventory and a new production philosophy which eliminates the
need to produce based on forecasts, or to fill stock levels, and to eliminate
rework and acceptance of non-conformances. This paper presents the tools

necessary to make this leap.
7 FORMS OF WASTES
Over-production

Not Right First Time -
Scrap, Rework & Defects g & B

Motion

Over-processing \

Waiting

Transportation

Fig.3. Seven Forms of waste.
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SEVEN WASTES

The key to lean manufacturing is to compress time by eliminating waste and
thus continually improving the process. Ohno defines waste as ““all elements of
production that only increases cost without adding value when the customer is
willing to purchase. The seven wastes of manufacturing are:

e Overproduction - producing more product than needed;

e Inventory - any supply in excess of required product;

e Waiting - idle operator or machine time;

e Motion - movement of people or machines which does not add value;

e Transportation - any material movement that does not directly support
value added operations;

e Defects - making defective parts; and

Extra Processing - any process that does not add value to product.

LITERATURE SURVEY

Achanga et al. (2004) presented the implementation of Lean Manufacturing within
small and medium sized enterprises. Feld (2000) described Lean manufacturing
tools, techniques, and how to use them. Karlsson and Par (1996) presented the
difficult path to lean product development. Hines et al. (1998) conducted a case
study on implementation of lean manufacturing and creating a lean supplying
network. Isatto and Formoso (1998) proposed a design and production interface
in Lean Production and performance improvement criteria. Howell and Ballard
(1998) conducted a case study on implementing Lean Construction. James Moore
and Gibbons (1997) investigated lean methodology. Karlsson and Ahlstrom (1996)
proposed a change process towards Lean Production and discussed the role of the
management accounting system. McDonald er al. (2002) presented utilizing
simulation to enhance value stream mapping and applied in a manufacturing case.
Andery et al. (1998) proposed an approach for lean thinking. Duray et al. (2000)
primarily investigated mass customization from a manufacturing point of view and
defined mass customization as “building products to customer specifications using
modular components to achieve economies of scale’”. Shah and Ward (2003)
showed that bundles of lean practices individually and as a group influenced
operational performance. Rother and Shook (1999) described on value stream
mapping to add value and elimination of wastes. Womack and Jones (1994) coined
the term “lean production” in their book and described on forming lean
production to the lean enterprise. Babson and Steve (1993) described on
empowerment and exploitation in the global auto industry through Lean work.
Dennis and Roger Daina {1993) defined production and inventory management
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systems for process industries. Detty and Yingling (2000) conducted a case study
on quantifying benefits of conversion to lean manufacturing with discrete event
simulation. David and Paul (1990) presented an historical perspective on the
modern productivity paradox.

Suzaki and Kiyoshi (1987) proposed techniques for continuous improvement
and elimination of wastes. Sweeny (2003) described on forms and facts from one
companys 58 effort. Rasch and Steven (1998) presented Lean Manufacturing
practices at small and medium-sized U.S. parts suppliers. Oke and Szwejczewski
(2005) described the relationship between UK manufacturers, inventory levels
and supply, internal and market factors. Martin and Formoso (1998) proposed
the evaluation method of building systems based on production process
management and lean construction concepts. Galbraith and Strandridge (1994)
conducted a case study on analysis in manufacturing systems simulation. Creese
(2000) presented cost management in Lean Manufacturing enterprises. Levy
(1997) proposed Lean production in an international supply chain. Christiansen
et al. (2003) presented mapping of competitive priorities, manufacturing
practices, and operational performance in groups of Danish manufacturing
companies. Panizzolo (1998) applied the lessons learned from 27 lean
manufacturers to the relevance of relationships management. U.S.
Environmental Protection Agency (2002) coined the list of solid waste of an
office and elimination of hazardous wastes. Zayko et al. (1997) described Lean
manufacturing that yields world class improvements for small manufacturer.
Womack and Jones (1996) presented on banishing wastes and creating wealth in
manufacturing industries through Lean Manufacturing. Taylor (1996)
developed a linear programming model to manage the maintenance backlog.
Taylor et al. (1981) described on different kinds of processing industries.
Billesbach (1994) applied lean production principles to a process facility.

Adopting a lean manufacturing approach promises significant improvements
in productivity, quality and delivery, resulting ultimately in substantial cost
savings. However, many companies across a range of industrial sectors have
introduced lean working practices; lean initiatives are often not under pinned by
appropriate and rigorous cost management and waste elimination methods.

In this research paper, the lean manufacturing approach is implemented in a
leading pump manufacturing industry to reduce lead-time, work in process
inventory, reduction in floor space, increase variation in products and demands
for perfect quality and reduce wastages. A case study has been conducted in a
leading pump manufacturing industry to implement lean manufacturing
approach. The remainder of this paper is organized as follows. Section 3
discusses the statement of the problem, Section 4 discusses about the component
description of diffuser housing. Section 5 discusses about existing process layout
of the company and drawbacks of existing layout. Section 6 introduces lean
manufacturing approach and proposed changes in the layout. Section 7 presents
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the results and comparison of the proposed layout with the existing layout, etc.
Finally, the conclusions are presented in Section 8.
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Fig. 4. Cross sectional view of submersible pump

PROBLEM DEFINITION

The main objectives of the organizations are, to increase the profit or to reduce
the cost involved in the product and to improve the quality and quantity of the
manufacturing. Price is the competitive weapon used in the marketplace;
profitability is related to the difference between price and cost. Cost is the
variable that can allow lower price that may be profitable. To compete on the
basis of price, requires an operation function capable of producing at low cost.
Therefore the effect of location, layout design, products design of equipments,
labour productivity and so on all contributes to the resulting cost. The evidence
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concerning our global competitiveness indicated that in order to become
competitive, management of productive systems need to be more effective.

COMPONENT DESCRIPTION

The Diffuser Housing is one of the main components of the radial flow submersible
pump and its cross sectional view is shown in Figure 4 and the individual
components of the diffuser housing have been shown in Figure 5 and 6 respectively.

COMPONENT OF DIFFUSER HOUSING

Fig. 5. Diffuser Fig. 6. Diffuser Housing
(Material: Gun Metal; Outer dia: 114mm, (Material: Cast Iron; Outer dia: 140mm
Centre Hole Dia: 33mm; Hole Depth: 11mm) Centre Hole Dia: 60mm)
DIFFUSER

COUNTERSINK HOUSING

T i

DRILLING AND
COUNTERSINK

PIN . ehas

Fig.7. Process flow in diffuser housing
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Process flow of diffuser housing has been shown in Figure 7 traced to study
the effectiveness and efficiency of the system, and the sequence of operations
carried out in manufacturing diffuser housing is as follows.

The sequence of operations carried out on a diffuser housing using the
existing layout is shown in Figure 8. 1- Diffuser from pallet to Table 2 - Diffuser
from table to drilling machine. 3 - Diffuser from drilling m/c 1 to drilling m/c 2.
4 - Diffuser from drilling m/c 2 to table. 5 - Housing from pallet to table. 6 -
Diffuser and housing to pneumatic press. 7 - Diffuser housing from pneumatic
press to table. 8 - Diffuser housing from table to drilling m/c 1. 9 - Diffuser
housing from drilling m/c 1 to drilling m/c 2. 10 - Diffuser housing from drilling
m/c 2 to table. 11 - Diffuser housing from table to riveting m/c. 12 - Diffuser
housing from riveting m/c to pallet. 13 - Diffuser housing from pallet to CNC
m/c. 14 - Diffuser housing from CNC m/c to pallet.

DRILLING DRILLING
mec 1 | mKe2

A A
B 2 / 1o
PN FINISHED
INSERTION COMPONENT
% 1
ks

¥u Vo

1 & / s S co;tmmc
| - TABLET dverinG |2 | venn 1z
S ; CHINE DIFFUSER
HOUSING
4 A l-—D—
| k)
PALLET PALLET
CONTAINIING CONTAINING
DIFFUSER HOUSING

Fig. 8. Existing process layout

DRAWBACKS OF EXISTING PROCESS LAYOUT

Handling

Finished Diffuser Housing is handled up to 87 meters before reaching the CNC
turning. There is high risk for the housing to get damaged during this transit.
Any sort of rejection due to handling in the final stages of the production will
increase the manufacturing cost of the final product.
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Non-Value adding activities
Delays and Storage

There are lot of delays due to handling and storage during the processes like,

Semi-finished diffuser housing waiting for subsequent process/ operation.
Waiting for quantity verification

Document preparation for each transaction.

Waiting for Incoming Inspection, etc.,

These delays due to handling and storage take about 2 days.

Excess Inventory

Excess raw material inventory, work in process inventory or finished goods
inventory results in longer lead times. Also, excess inventory hides problems
such as production imbalances, defects and equipments down time and long
setup time.

RESULTS OF EXISTING PROCESS

The details of the time taken for various operations of different components are
shown in Table 1 and 2.

Table 1. Production rate in the existing process

Timetaken Per

Timetaken No. Of Component
Operation (Hours) No. Of Persons Components (Sec)
Drilling To Riveting 8 1 180 160
Drilling To Riveting 8 4 720 40
Drilling To Riveting 8 5 900 32
CNC Turning 8 2 200 100
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Table 2. Process details of existing process for diffuser housing

Time Distance Cum. Distance
S. No Operation (Sec) (metre) (metre)
1 Diffuser to Table 300 1 1
2 Table to Drill 1 4 1.20 2.20
3 Drill 1 15 0 2.20
4 Drill 1 to Drill 2 10 1.58 3.78
5 Drill 2 15 0 3.78
6 Drill 2 to Table 5 3.20 6.98
7 Housing to Table 300 1 7.98
8 In process Inventory 600 0 7.98
9 Diffuser Housing 5 0 7.98
10 Pneumatic Press 10 0 7.98
11 Press to Table 5 0.80 8.78
12 In process Inventory 900 0 8.78
13 Table to Drill 1 4 1.20 9.98
14 Drill 1 20 0 9.98
15 Drill 1 to Drill 2 10 1.58 11.56
16 Drill 2 15 0 11.56
17 Drill 2 to Table 5 0.57 12.13
18 Pin Insertion 10 0 12.13
19 Table to Riveting M/C 200 0.57 12.70
20 Riveting Operation 20 0 12.70
21 Riveting M/C to Pallet 600 1 13.70
22 Inprocess Inventory 129600 0 13.70
23 Forklift to Turning M/C 500 87.50 101.20
24 Pallet to Table 300 1 102.20
25 CNC Turning Operation 98 0 102.20

IMPLEMENTATION OF LEAN MANUFACTURING APPROACH

1. CELLULAR LAYOUTS

A cellular layout should provide all of the equipment, tools, work instructions
and materials to accomplish a single task or group of related tasks. It does not
matter if the cell is a T, I, U or V. The best shape is the one that produces the
most efficient production in a safe manner. If cells are U or V shaped they
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should first be setup to flow counter clockwise because most people are right
handed, so this is the most ergonomically correct way to move parts or objects.

2. U-SHAPED CELLULAR LAYOUT

The above processes are arranged in a U shaped line in order to increase the
production and to bring a one piece flow as shown in Figure 9. U-shaped
production line can be described as a special type of cellular manufacturing used
in just-in-time (JIT) production systems and Lean Manufacturing. The U-line
arranges machines around a U-shaped line in the order in which production
operations are performed. Operators work inside the U-line. One operator
supervises both the entrance and the exit of the line. Standard operation charts
specify exactly how all work is done. U-lines may be simple or complex,
depending on the number of tasks to be performed, the production volume and
setup times. U-lines are rebalanced periodically when production requirements
change. The U-line satisfies the flow manufacturing principle. This requires
operators to be multi-skilled to operate several different machines or processes.
It also requires operators to work standing up and walking because they need to
operate different machines. When setup times are negligible, U-lines can be
operated as mixed-model lines where each station is able to produce any
product in any cycle. When setup times are larger, multiple U-lines are formed
and dedicated to different products.

Fig.9. Typical U-Shaped cell for Lean Manufacturing

3. PROPOSED APPROACH

The new approach to solve the U-shaped LBP consists of taking into account:
the variability of the task times from cycle to cycle, the physical location of the
machines (layout), the performance of the operators with different workloads.
All this can be modeled using a simulation software or language. For this
research, Arena software has been used to model the U-shaped system. Then



M. Murugan and V. Selladurai 176

after the model is validated a multi-criteria optimization technique will be
applied to find the set of non-dominated solutions. The criteria that can be
taken into account are:

- Minimize the machine idle time.

- Maximize operators’ usage.

Maximize production.

- Minimize the average number of parts in the system.

4. GRAVITY CONVEYER

A gravity conveyer as shown in Figure 10 is also introduced to move the
component from one machine to the next machine. Here the machines are
positioned based on the operation sequence.

Fig.10. Schematic View of Gravity Conveyer

5. METHODLOGY

The system under study is a job setup, which was later modified and proposed to
suit the customers requirements. Many of the activities were manually done,
which was unsafe ergonomically. The demand for the diffuser housing was
increasing day by day as per the market research carried out by the company.
The customers demand is more than the required production rate.

The proposed manufacturing system under study is a lean manufacturing
system manufacturing submersible pump diffuser housing, whose target is to
manufacture 2000 Nos/day on two shift basis. This production system consists
of seven main stations namely 1) Diffuser Drilling Station 2) Pressing Station, 3)
Assembly Drilling Station (Housing), 4) Pin Inserting Station, 5) Riveting
Station, 6) Single Spindle CNC and 7) Double Spindle CNC Station. During the
setting of the production and assembly line with different tools, techniques and
areas of lean manufacturing were being introduced for improving the
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productivity and removing the waste during the insulation and work-in process.
Many points were being discussed namely study of the layout, material
handling, equipments, employers, suppliers, inventory line balancing, Kaizon,
ergonomics and safety had a major role. Based on the area available in the shop
floor, different layouts were taken into consideration. One layout was finalized
with conveyer system for material handling. It was possible to setup the
manufacturing and assembling line of diffuser housing without any disturbance.

Travelling of materials from the initial stage to the final stage, gravity
conveyers were introduced for material handling. Material handling section has
seven work stations from the initial components stage to finished sub assembly
stage. The lead time was reduced significantly based upon the work distribution
of various work stations (Table 5). The production rate was increased from 1000
diffuser housing/day to 2000 diffuser housing/day. The number of employees is
also reduced due to mechanization of material handling systems. The additional
equipment was introduced for improving the productivity. The layout selected
for the new manufacturing and assembly line has better free space utilization
and the distance travelled by the component is less compared to the existing one.

The proposed layouts for the diffuser housing with and without conveyor are
shown in Figures 11 and 12.
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Fig.12. Proposed layout with conveyor
The process result of the proposed layout is presented in Table 3.
Table 3. Process results of proposed layout
Time Distance CUM. Distance
S. No. Operation (Sec) (metre) (metre)
1 Drilling and Countersink in Diffuser 25 0 0
2 Drill M/C 1 to Diffuser 4 1.20 1.20
3 Diffuser Housing from Pallet to Press 4 1 2.20
4 Pneumatic Press 20 0 2.20
5 Press to Drill M/C 2 5 1.50 3.70
6 Drilling in Diffuser Housing 20 0 3.70
7 Drill M/C 2 to Drill M/C 3 5 1.75 5.45
8 Countersink in Diffuser Housing 20 0 5.45
9 Drill M/C 3 to Riveting M/C 5 2.00 7.45
10 Pin insertion and Riveting 25 0 7.45
Operation
11 Riveting M/C to Single Spindle 5 1.50 8.95
CNC Turning M/C
12 Riveting M/C to Double spindle 5 1.75 10.7
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Cont. Table 3. Process results of proposed layout

Time Distance CUM. Distance
S. No. Operation (Sec) (metre) (metre)
13 Turning Operation in Single Spindle 98 10.7
CNC Turning M/C
14 Turning Operation in Double 98 10.7
Spindle CNC Turning M/C
15 Single Spindle CNC Turning M/C 10 11.7
to Pallet
16  Double Spindle CNC Turning M/C 10 13.2

to Pallet

From the process result of the proposed layout the following results are
obtained. The Table 4 indicates the number of persons and the corresponding
production rate per shift.

Table 4. Production rate for proposed layout

Time taken per
No of No of component
Operation Time taken persons  components (seconds)
Drilling to 8 HOURS 7 900 30
CNC Turning (28800 seconds)

The results of the existing and the proposed lean manufacturing approach
have been compared and the improvements after implementing the LMS are
shown in the Table 5.

Table 5. Comparison of the existing process with the implemented
Lean Manufacturing System

S.No Contents Existing process Implemented LMS
1. Value Added Ratio 0.1595% 79.69%
2; Distance Travelled 102.20 meters 13.20 meters
3. Number of Processes 9 7
4, Number of Operators 10 7
5. Production rate/shift 200 900
6. Total Lead Time 1,33,551Sec (1.55days) 261 Sec
T Method of Production Push Type Pull Type
8. Non-Value Added Waiting, Transportation, Rectified

Activities Motion

9. Flow Line Unbalanced Balanced
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CONCLUSION

Plant layout has been altered to decrease the wastes in many forms, thereby
increasing the productivity of the organization. The proposed one-piece flow cell
concept has been suitable for components of same part families. The production
rate is doubled than the existing, as the production increase with the same input
people in the cell can be positively motivated by incentives schemes, based on
quantity produced. Recruiting, training and development have been made
effective. So that the rejections out of unawareness has been reduced. Preventive
maintenance has been enhanced and the maintenance crew size has been
increased to avoid production loss because of non-availability of machines due
to breakdown. Appropriate tests are conducted before accepting the lot from
the various parties. The company has successfully implemented lean
manufacturing approach to improve the existing setup and to increase the
productivity. The reported benefits are impressive when a company changes
from traditional production system to U-shaped flow lines. Productivity has
been improved by an average of 40-80%, Work in process (WIP) has been
dropped by 60-85%, Lead time has been reduced by 50-75% and Defective rates
have been dropped by 40-80%. Therefore Lean production method is an
effective way to improve management, enhance the international
competitiveness of manufacturing enterprises. From the case study it can be
concluded that the production of the pump set has increased from 3200 to 8000.
This increase in production can yield significant financial benefits and savings to
the company.
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