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ABSTRACT g

e

Today, every automobile company's vendors are facing problems of g
competition, quality and productivity. Companies have a huge impact of

lesser customer demand, multiple product variety and quick response to
Sulfill production target as per marRet demand. Recent research suggests
that cellular layout system is better alternative for automobile industries
of developed countries like US, Japan and Germany due to operator and
area/space problems. To survive in global competition, Sharda Motors
Industries Ltd. is in phase of restructuring, modification of existing shop
Sfloor cells and elimination of bottleneck machines. Problems identified in
existing layout are low manpower utilization, more time for material
handling, high WI® inventory and space utilization. The objectives of the
research are to reduce through put time, to increase the target of
manufacturing component and completion of target as per demand, to
maximize manpower utilization, to minimize space utilization, to reduce
manpower requirement. Methodology includes analysis of existing layout,
process sequence analysis, planning and relocation for new [layout
considering optimal distance between machines, optimal material
handling route and analysis of proposed layout - i.e. cost analysis with
validation through Show Flow’ Simulation Software. Results shows
improvement in parameters [ike a) Manpower utilization is increased
from 72% to 92%, b) Reduction of WIP Trolleys from 14 to 02 per
assembly line i.e. Total cost saving for Trolleys in Proposed Layout is RS.
5,40,000 per annum, c) One piece flow i.e. no pending work between two
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stations, d) Reduction of eleven operators per shift. i.e. 22, operators per
month (for two shift) results in cost saving of Rs. 52, 80,000 per annum,
e) Second economical impact is reduction of one shift per day to achieve
same production target as in existing layout i.e. instead of three shift per
day, target achieved in two shift per day results in huge cost saving per
annum, 33% approximately, f) Machine utilization increases up to 100%,
g) No bacRtracRing of material i.e. Rescheduling decisions are avoided, h)
With reduction waste in terms of setup time, waiting time, work, in
process inventory results in improvement of productivity, i}Production
target increases due to shorter through time which result into the return
business from automobile manufacturers who are satisfied due to shorter
throughout time, j) Saving in space is 34.24% by proposed layout
implementation due to redesign of layout and combining multiple
operations into single operation using new technology and R) Scope for
company to run third shift for additional production as per existing or
new customer requirement i.e. profit margin will increase by 33 % per

annum compare to existing conditions.
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ABSTRACT

Today, every automobile company’s vendors are facing problems of

competition, quality and productivity. Companies have a huge impact of
lesser customer demand, multiple product variety and quick, response to
fulfill production target as per market demand. Recent research suggests
that cellular layout system is better alternative for automobile industries
of developed countries like ‘US, Japan and Germany due to operator and
area/space problems. To survive in global competition, Sharda Motors
Industries Ltd. is in phase of restructuring, modification of existing shop
floor cells and elimination of bottleneck machines. Problems identified in
existing layout are low manpower utilization, more time for material
handling, high WIP inventory and space utilization. The objectives of the
research are to teduce through put time, to increase the target of
manufacturing component and completion of target as per demand, to
maximize manpower utilization, to minimize space utilization, to reduce
manpower requirement. Methodology includes analysis of existing layout,
process sequence analysis, planning and relocation for new [layout
considering optimal distance between machines, optimal material
handling route and analysis of proposed layout - i.e. cost analysis with
validation through Show Flow’ Simulation Software. Results shows
improvement in parameters like a) Manpower utilization is increased
from 72% to 92%, b) Reduction of WIP Trolleys from 14 to 02 per
assembly line i.e. Total cost saving for Trolleys in Proposed Layout is Rs.

5,40,000 per annum, c) One piece flow i.e. no pending work between two

QO CHHOCHOHCHOH CHOH CHOHO OO OO OO OO CHOHO CHOHO CHOHO CHOH OO OO OO OO OO OO
LHICHICHOLI CHOI CHOH LCHOH CHOH OO CHCHO I CHO I CHO O CHOHO CHOH CHOH OO OO L OO CHO CHOHO CHOHO O

joieteete 0l0lolelolelelel0 0 o]0 00000 0 0 0l0 0 00 0 0 0 0 0 0 0 0 0]



QO CHHOCHOHCHOH CHOH CHOHO OO OO OO OO CHOHO CHOHO CHOHO CHOH OO OO OO OO OO OO

LR R RQRR QR R A QR R QA R R

stations, d) Reduction of eleven operators per shift. i.e. 22, operators per
month (for two shift) results in cost saving of Rs. 52, 80,000 per annum,
e) Second economical impact is reduction of one shift per day to achieve
same production target as in existing layout i.e. instead of three shift per
day, target achieved in two shift per day results in huge cost saving per
annum, 33% approximately, ) Machine utilization increases up to 100%,
g) No backtracking of material i.e. Rescheduling decisions are avoided, h)
With reduction waste in terms of setup time, waiting time, work, in
process inventory results in improvement of productivity, i}Production
target increases due to shorter through time which result into the return
business from automobile manufacturers who are satisfied due to shorter
throughout time, j) Saving in space is 34.24% by proposed layout
implementation due to redesign of layout and combining multiple
operations into single operation using new technology and R) Scope for
company to run third shift for additional production as per existing or
new customer requirement i.e. profit margin will increase by 33 % per

annum compare to existing conditions.
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Chapter 01

Introduction

This chapter describes the cellular manufacturing system design problems involved in the
research, the objectives of this research and the methodology for changing existing layout into
new layout to overcome limitations of existing layout. The chapter also outlines the research
and the structure of the thesis.
1.1 Background
Cellular layout is accepted and implemented in developed countries due to space and operator
problems. Most of Indian auto companies are working under “Takao San”, who is consulted for
cellular concept and belonging to Japan. Like TVS, very few companies in India have
implemented this layout. Sharda Motors Industries Ltd., Nasik, Maharashtra, India is planning to
implement cellular system layout for assembly line, so preliminary work is going on for
restructuring of existing assembly line. Efficient Automated Guided Vehicle (AGV) system
design and its improvisation is a key to success for any modern manufacturing strategy. In
complex cellular manufacturing system, AGV’s are required to transport parts from dedicated
cell, loading and unloading. In cell formation the bottleneck machines also evolve, then AGV
are capable of handling parts between bottleneck machine and dedicated cell.
Some of the problems associated with present layout -
1. Handling of raw material and WIP route have more obstacles for flow.
2. Labour required per shift are more.
3. High WIP inventory.
4. Operator’s idle time is more during operation.
5. Uneven layout Space Utilization between adjoining machines.
6. Low machine utilization.
7. High Machine changeover time.
1.2 Issues related to CMS implementation
a. Finding and classification of part families
b. Selection of cell equipment and their allocation to part families (or vice versa)
c. Independence of cell: component operation sequences do not flow through multiple cells
d. Flexibility for cell

= For internal routing: to manufacture or assemble parts on alternate machinery inside a

same cell
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= For external routing : the ability to release parts to alternate cells

= For process : the ability of the cells to accommodate new parts
e. Flow Control

= Material obsolescence

= Material costs

= Indirect labour

= Inter-departmental stores
f. Cell Design

= Difficult load balancing

= Low or zero utilization of non-key machines

= Problems in batch size selection

= Bottleneck machines [2].
1.3 Parameters affecting Cell Layout
1.3.1 What is Cellular Manufacturing?
Cellular manufacturing is a manufacturing approach that helps companies to produce a modified
and variety of goods for their clients with no waste or minimum waste. In cellular manufacturing
layout, machines and workstation are arranged in a sequence for smooth flow of work-in-
progress materials and parts through the manufacturing/assembly process, with minimum
movement or delay.
Cellular manufacturing makes companies more profitable and competitive by reducing wastes
that typically add cost and lead time to the manufacturing process. Waste in this sense means
any element of the manufacturing process that adds cost without adding value to the product.
Table 1 lists eight types of waste addressed by a manufacturing system [74].
Cellular manufacturing gets its name from the word cell. A manufacturing cell consists of the
operators and machines or workstation required for performing the steps in a process sequence,
with the machines arranged in the processing sequence. For example, if the process for particular
requires cutting followed by drilling and finishing, the cell would include the machinery for
performing those operations, arranged in that sequence [2].
Arranging operators and machines in to manufacturing/assembly cells helps industries to

achieve important goals like single piece flow and high-variety production/assembly.
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Table 1.1 Issues for Research [2]

Sr.No. Type Example
1 Defects Scrap, rework, replacement production, inspection
- Stock outs, lot processing delays, machinery downtime,
2 Waiting )
cell capacity bottlenecks
3 Processing Inaccurate, faulty processing
4 Overproduction Manufacturing items for which there are no orders
5 Movement Unnecessary human motion that are straining
6 Inventory Excess raw material, WIP, or finished goods
7 Transport Carrying WIP long distances, inefficient transport
Unused employee o o
8 o Lost time, ideas, skills, improvements
creativity
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1.3.2 Objectives for consideration

Table 1.2 Classification of objectives [2]

Introduction

Sr. No.

Optimization factor

Parameter for optimization

01

Minimum cost of

Machine duplication

Operation cost

Part subcontracting

Inter-cell transportation

Intra-cell transportation

Space usage

02

Minimum amount of

Duplicated machines

Inter-cell movements

Intra-cell movements

In-cell load unbalance

In-plant load unbalance

Parts dissimilarity

Skipping

03

Maximum amount of

Flexibility

Efficiency

Utilization

Cell independence

04

Minimum deviation from

Parts similarity

Machine available processing time

Cell operator wages

Machine-operator skill matching

Minimum part movements

Maximum investment cost

Operating cost

Set-up time

Utilization

Available funds
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1.3.3 One-Piece Flow

In a single -piece flow, parts move through a production/assembly process single unit at a time,

at a rate decided by the consumer.

The contradictory of single-piece flow is large—batch manufacture/assembly. Industries

manufacture parts in large lot causes to production/assembly builds delay into the process. No

parts can progress on the next station until all the parts in the batch have been assembled/

processed. The larger the batch size, the longer the parts wait/queue between

production/assembly stations [74].

e Large-batch assembly/production can lower a company’s productivity and profitability in
several ways.

e It increases duration i.e. lead time between customer’s demand and supply of the
goods/products.

e It requires manpower, efforts, and space to accumulate and transport the goods.

e In contrast, single-piece flow production solves these problems.

e It allows the company to deliver a flow of parts/subassembly to customers with no or less
delay.

e It decreases the man, material and machines resources used for storage space and transport.

e Risk of spoil/damage, deterioration and obsolescence of products can be lower by this
approach.

e Other problems can be identified easily to solve before breakdown.

In daily operation for a single-piece flow, it is not always possible to process/assemble parts just

one at a time. Continuous flow of parts, with the less or no delay and waiting period is required.

Cellular layout helps by focusing on the material going through the process, not just on the

equipment for each operation.

& o LOL O

Figure 1.4 Sample of high variety productions [74]

1.3.3.1 Large-Variety Production/ assembly

Today customers expect variety and product customization. Also required quantities to be
delivered within a given duration by customer. So company should be flexible enough to
demand, otherwise customers will go to your competitor.

Flexibility to produce variety of products is possible by cellular layout as demanded by

5
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customers.

It is possible by arranging similar products into families that can be processed on the same

operating station in the same order. The time consumed for changeover between products is also

shorten due to cell arrangement [74].

1.3.3.2 Process

It defined as continuous flow from (beginning to end) through which unprocessed materials are

transformed to finished goods in a sequence of operations. The prime area is the route of the

work-in-process materials as they are processed into required object to sell.

Manufacturing/assembly process consists of following stages:

1. Transformation: alteration of shape or quality, assembly or disassembly,

2. Inspection: Qualitative or quantitative comparison in relation to existing standards available
in industries.

3. Transportation: change of place/location

4. Storage: a waiting period when nothing else is happening

Materials and parts often go through several of these steps during a manufacturing process; the

left side of shows a typical sequence of process steps. Notice that only the transformation step

adds value to the product.

1.3.3.3 Operations

An operation indicates required processing action by workers or machines on the raw materials,

work-in-process, or finished products. Since operations involve actions, processing

improvements focus on how required conversion operations are carried out. Detail study of

motions required for a conversion action is carried out step by step.

There is need to improve processes within plant. Improving process involves reforming the flow

of raw materials to reduce obstacles and various wastes like

¢ Non-value-adding operations such as waiting or transport

e Downtime caused by changeover and adjustments

o Distance travelled by work-in-process materials between processing stations

e The need and time required for inspection, or for reworking materials [74].

1.3.3.4 U-Shaped Cell and its significance

Workstations are arranged close together in the sequence of the processing operations. It reduces

unnecessary walking of operators and material movement to setup a smooth flow. U shapes

bring the starting point of the process and end point close to each other, which reduces the

distance the operator has to travel to begin the next processing cycle.

6
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1.3.3.5 Training to operators for Multi-skilled and Multi-machine

Cellular layout often changes the relationship between operators and machines on the shop floor
area. The simple change of arranging machines in a process flow, and there is need to run
different types of machines by operators to carry the process in sequence.

In an operation-based layout, all the grinding machines, for example, would be located together.
However, when the machines are rearranged into a cell according to the process sequence, each
grinder may become part of a different cell. In that situation, having one grinder operator for
each cell would not be economical. What’s more, cells often use equipment that runs on
automatic cycles, so most of the operator’s time would be spent on watching the equipment run.
This is a huge waste of people’s intelligence and skill.

These wastes are avoided by training people to operate different equipments in the line. With
simple automation, an operator can manage work flow through a sequence of machines in the
process. For example, the operator can be setting up a work piece on the equipment for
operation no. 2 while the operation no. 1 machine is processing another work piece.

A cell may be run by single operator, or by several operators working together, depending on the
dimension of the cell, machine cycle time, and production volume. Cross-training gives

flexibility to change how operators work together in a cell.

Process Lathe Drill Welder Training Certification Level
Operator

N

- & & & |-
N
. B P B

- & © a

Figure 1.5 Sample of a Cross Training Chart [74]

Thdepeadert
Dperation

1.3.3.6 Significance of cross-training to provide maximum flexibility
Cross-training enables operators to perform several functions within a process which permits

team to take whole responsibility for their product and processes. After training on several
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machines, operator is capable to respond to customer’s changes in production requirements by
stepping into other positions as required. This versatility makes operators more valuable to their
shop floor teams and to company.

1.3.3.7 Moving with the Work

To run various equipments are in sequence, an operator to work in position of standing up rather
than sitting down. In single-piece flow, the work must move smoothly from beginning to end in
the process. To assist this flow, people need to stand and walk. Advantage of moving with the
work is that working while standing also enables operator to respond more promptly if
equipment problems arise.

1.3.3.8 Flexible equipments and machines

Smaller machines can be used for cellular manufacturing because the goal is to process one or a
few items at a time, instead of large batches. Less space is required for smaller machines.
Operator walking distance reduces by placing machines close together without any vacant space
for excess work-in-process material to accumulate.

Slower equipments/machines are suitable for cellular manufacturing because the objective is not
to produce large lots of WIP quickly. Instead, machines process single piece at a time at a speed
decided according to customer requirements.

Machines/equipments for U shape layout also need to be flexible. To maximize their usefulness,
all machines must be easy to set up quickly to make a variety of parts during a single shift.
Flexible may also mean movable. Mounting smaller machines on wheels makes it possible to
move them to other locations when a process sequence changes, or to experiment with new
production layouts.

Another benefit of using smaller machines/equipments for U shape layout is that they generally
are less expensive to purchase and easier to operate and maintain.

1. Analysis of current conditions in layout

2. Converting to a sequence or process-based arrangement

3. Improvement in the process continuously to increase productivity

1.3.4 Study of existing Conditions

The first phase in cell conversion, understanding and analysis of the current conditions, helps the
layout experts to determine what operation or process to convert. It also provides a baseline
against which to measure improvement.

1.3.4.1 Production Resources

In addition to reviewing the product mix, the team gathers baseline information about

8
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production resources, such as

o Shifts per day

e Hours per shift; break time

e Work days per month

e Employee to operation ratio

e Monthly product volume requirements from customers

e Approach for assigning work

¢ Finished products inventory turns per month

1.3.4.2 Process Route Analysis

A process route analysis table helps the team to identify processing similarities between
different products. This enables them to identify groups of products that could be made in a cell,

using the same sequence of machines. These groups are called product families.

Assembly Process sequence

Part 1 A

Code chﬁugh (2:ut i/lill L[l)rill cci)il;:;iedtir E(SE‘auge
" O O O O O O——
P O O O O O O——
c O O ) O >
| O O U O—
i O—1T=0 O—1—O0—+0 -
" O O O O O >
: O—1+—O0—+0—"10—1+0 .
i O——0 O—1—0 -
- O O O—>
] O——0O O O .

Figure 1.6 Sample of process route analysis [74]
If the company makes low volumes of many product types rather than high volumes of a few

volumes of many product types rather than high volumes of a few types, process route analysis
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is especially important for helping the team choose process to start with.

1.3.4.3 Process Mapping

Next, the draws a process map, which shows the current equipment layout and the path the
product takes trough the process. This map is often drawn on a Work Sheet. The map also shows
worker positions, WIP storage points, quality checkpoints, and safety precautions.

In addition, the team records

e The distance the product must travel during processing

e The quantity of work-in-process at a given time

e The number of people currently required to run the process

. From : hMachine &1 Date prepared 4f25
Scope of observation .
To -Pack or revised
2 F 3
+
e O
’-—
A [ P
12345pack: Rl ‘<>
1 \123454Apa ck:R2
+ 4A - 5 ;
Rl @ 48 Cruality Safety Standard | #of TAKT Met Operator
feet Check Precaution | workin pieces of | Time Time MNumber
R2@ 72 process Std. WIP
feet
576 5q. <> + O =50 17
Ft.

Figure 1.7 Sample of work sheet [74]
The first activity in time observation is measuring the cycle time for each machine operation in
the process. The team writes the actions or tasks for one complete machine cycle on the left side
of a Time Observation Sheet. In addition to actual machine work, a cycle includes other tasks
such as loading and unloading, opening and closing machine guards, programming, returning to

a neutral position, and other human and machine actions.

10
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Receive Order Ship Product
I N
| >

ﬂ: Value — added operation time (stamp, weld, paint, finish, assemble)

= Non-value adding time (receive, store, move, set up, wait, and pack)

Value-added ratio at a typical manufacturing company.

95 % NVA 5% VA

Figure 1.8 Sample of value added ratio [74]

The team observes the time required for each action during several cycles, and then determines
an average cycle time for the machine.

After observing each operation, the team determines a sample process lead time for the total
process. The process lead time includes the cycle time for each operation as well as the time

required for transport of WIP and tools between operations.

- W

Daily work time

Takt Time =
axtiime Daily Required Quantity

Daily Work Time = 8 hours
= 480 minutes

A way to determine
the required pace for

production - 60 minutes (breaks)

420 minutes

35000 units
20 days

= 1750 units/day

Daily Required Quantity =

_ 420 minutes
" 1750 units

Figure 1.9 Sample of takt time [74]
The team also determines the value-added ratio. The value-added ratio is defined as the actual
time spent for machining or working on the part divided by the total process lead time. Many

companies will discover that they have surprisingly low value-added ratios.

11
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1.3.5 Propose New Layout

e Layout in the process sequence is the basic principle.

e Machines are placed close together and space for a minimum work-in-process quantity.

e The layout in a U shape, with the last machine near the first to reduce operator’s walking
distance between cycles.

e The process sequence is often counter clockwise. As operator move around to operate the
cell, the right hand, which has more control in the majority people, is then next to the
machine; this allows well-organized handling of parts and tools, with less turning.

1.3.6 Factory Simulation
Factory simulation is the software-based modeling of a real manufacturing/assembly system. It
helps to analyze and experiment with existing processes in a virtual background, reducing the
physical testing time and cost. Parameters like production, equipment, and personnel can be
analyzed within a simulation environment.
Engineers using layout simulation have found it valuable for evaluating the impact of capital
investments in resources like machinery and equipment, physical facility, proposed changes to
material handling and existing layout. Layout simulation is useful to analyze employment and
operating rules and suggested new rules to be incorporated into existing production control
systems, warehouse controls, and material-handling controls. Managers have found simulation
provide a "trial" before making huge capital investments, without changing the existing system
with untried changes.

1.3.6.1Need of Simulation

Sharda Motors Industries Ltd., Nasik is an automobile company, which manufactures

components and assembly for light, medium and heavy-duty vehicles. It manufactures

products of 1ISO9001 and QS-9000 standard. QS-9000 focuses on continuous improvement,
emphasizing defect prevention and reduction of waste in supply chain.

For competing in 21% century market, Automobile industries are planning to switch over to

“Cellular Layout” in which manufacturing process is carried out by proper arrangement of

machines so that :

= Reduction of time taken by a component (through put time).

= Maximum Utilization of manpower.

= To improve space utilization.

= Reduction of work in process inventory.

Due to these characteristics, Cellular layout is most popular in Japan. In India, few

12
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companies like TVS, Maruti etc. have implemented it and other few are in a way of
implementation like Sharda Motors Industries Ltd., Nasik, Mahindra & Mahindra Ltd.,

Nasik etc.

1.3.6 2 Simulation: some rules

A simulation study consists of a number of steps [109].

Step 1
[ ]
[ ]

What is the problem?
What exactly do we want to know?

Do we need simulation to solve the problem?

If so, for which part of the problem?

Step 2

Step 4

Step 5

Step 6

Step 7

Formulate an objective.
Find out which information you need.
Make some manual calculations, both to get a feel for the problem and to use as

validation material for a later model.

Collect information. The quality of the information is more important than the quantity.
One right average is often better than 10000 historical values that give the wrong

average.

Make a rough setup for the simulation model on paper. Which elements and which

activities will be modeled, which parameters will be used and what will be measured?

Use show flow to create a model. Create a layout, define flows, detail element, job and
routing parameters.
Try to make the model so that the alternatives to be studied can be easily brought into the

model.

Verify and validate the model: does the model represent the studied system correctly?
Are the results in accordance with what you expected from the manual calculations? If

not, can you explain this?

13
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e Simulate the alternatives.
e Analyze and compare the results of the simulations.
e Are the results reliable?
Step 8
e Draw your conclusions.
Step 9
e To support your conclusions, you could make a presentation of your simulation model.
This could be a simple animation or a complete simulation show with animations,
illustrations, comments and results: a kind of self running report.
Step 10
e Communicate your conclusions. Feed back to the original objective of the study.
Mention the assumptions behind your study.
1.3.6.3 Elements of Show Flow Simulation
Achieve minimal supply with maximal delivery reliability by varying the size of the production
orders in combination with the order level. In a Shop with one machine, Raw material/
Component comes in; if other raw material/ components are waiting, they line up in the queue
and wait until it is their turn. Eventually they are served and they leave the shop. Typical
information one might want to have about such a system is: what is the average waiting time of
a component with different combinations of arrival frequencies and serving times. To translate
this real world system into show flow entities,
Four elements needed to represent this model: an entrance, a queue, a counter and an exit.
In show flow, model the entrance and the exit by using the in-out element, the queue by using
the buffer element and the counter by using the machine element.
Table 1.3 Simulation elements [109]

Sr. No. Element Shortcut
1 Machine M
2 Transporter T
3 Buffer B
4 Aid A
5 Conveyer C
6 Path P
7 Warehouse wW
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8 Reservoir R

9 In-out |

Also need one routing containing four stages (come in, then wait, then get served, then go out).

The model will run for a period of one day (default setting). If we zoomed enough, we will see

the utilization rate at the counter (third element) and also a graphical history of the queue length

(second element).

Status indication:

e Busy means : working on a product

¢ Idle means : nothing to do

e Blocked means: cannot send the product to the next station. All this information is
refreshed with a certain rate. The refresh rate has a very significant influence on simulation
speed.

The simulation will stop automatically. There is a good chance that the utilization of the third

element is not 80%. This indicates that the length of the simulation experiment was not enough

to obtain a reliable result (this is easy to understand when you realize that in a shop; today is not

necessarily exactly as busy as yesterday).

1.4 Research Objectives & Scope

1.4.1 Research Objectives

The objectives of this research are as follows:

1. To investigate the development of a method for cell formation.

2. To develop a method for cell layout with a consideration of transportation systems.

3. To build comprehensive decision-support models for cell formation, with consideration

given to man, machines and material handling aspects related to following performance

dimensions

= To reduce throughput time (Manufacturing Cycle Time/Component (min.))

= To increase the target of manufacturing component and completion of target as per

demand, i.e. to reduce response time to orders.

= To maximize manpower utilization.

= To minimize space utilization.

= To reduce manpower requirement, i.e. Worker assignments / Utilization of Manpower

= To reduce setup time

= To reduce unit cost i.e. Cost Analysis
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= To reduce material handling/ Pallet Requirement

4. To solve the problem in a context of “product—part— machine” dimension in CMS.

5. Design of Next Generation Factory Layouts.

6. To justify the Cell Manufacturing (CM) design methodology via an experimental design
and a comparison with known solutions.

1.4.2 Problem Identification

Problems identified in existing layout are

1. Manpower utilization is low. In existing layout manpower utilization is 60 to 75%.

2. More Time for material handling. Handling time required for components is more in
existing layout.

3. High Work in Process (WIP) inventory.

4. Lower Space Utilization

5. Capacity utilization of machines is low.

6. Machine changeover time is more.

7. The wide entry and exit points between lines.

8. Lines have the operator empty-handed too much of the time. Extra operator makes line
crowed.

Figure 1.10 shows different products of Sharda Motors Industries Ltd., Nasik. Problems

identified in production line of these products while manufacturing and assembly.

1.5 Proposed Methodology
The methodology adopted to achieve the objectives is as follows:

1) Experiments to eliminate waste, to improve the division of processes and balancing of
labour.

2) Approach starts by coordinating the timing of production with customer needs.

3) Studying the existing layout

4) Collection of job component data and shift wise production data i.e. no. of shifts, working
hours, customer demand, etc.

5) Process sequence analysis of existing layout.

6) Identifying operation sequence & elemental Operation time details for each machine.

7) Calculation of machine capacity for each machine.

8) Calculation of line capacity and takt time.
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9) Evaluate the methods, machines, materials, operators for collected job data and shift wise
production data.

10) Planning new layouts considering optimal distance between machines, C or U shape.

11) Developing suitable cellular layout for each production line in proposed layout.

12) Shift the machines as per planning.

13) Draft the proposed operating procedures.

14) Take trial to check improvement.

15) Identify the problems in new layout e.g., long cycle times, more changeover time and
correct all problems for continuous improvement.

16) Calculation of manpower utilization for each production line in proposed layout.

17) Determination of cycle time for each production line in proposed layout.

18) Determination of material handling route for each production line in proposed layout..

19) Determination of WIP inventory and trolleys requirement for each production line in
proposed layout.

20) Analysis of proposed layout - i.e. cost analysis.

21) Simulation of layout using ‘Show Flow’ Simulation Software.

1.6 Outline of the thesis

The outline of the thesis contains the following chapters:

Chapterl, Introduction, defines the background, research objectives. Also, it consists of
problem identification in the existing layout, objectives and methodology adopted for carrying
out research work in collaboration with industry.

Chapter 2, Literature review, summarizes previous and current research in the field
connected to the research question.

Chapter 3, Parametric analysis of layout, describes a manpower utilization, target
achievement and data collection related to existing and proposed layout.

Chapter 4 Results consists of comparative mathematical analysis for all existing and
proposed layout, which suggest improvements in different aspects.

Chapter 5, Conclusions, presents the most important conclusions from the research study
and recommendations for future Work.

Shop floor data and the simulation data in this case study are provided in Appendix.
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Chapter 02

Literature Review

Previous work on the design and simulation of cell based layout manufacturing
systems is reviewed in this chapter. The review is focused on the problem findings and
research methodologies used to optimize the problems. The shortcomings of the
existing representations of the problems and methods available for solving the

problems are also analyzed in this chapter.

2.1 Historical development

Issues related to CMS-

a) Structural issues

e Selection of part populations and grouping of similar parts into families

e Selection of machine and process populations and grouping of these into cells

e Selection of various tooling, fixtures, and material handling pallets

e Selection of work-in-process material handling equipment

e Choice of machines/equipment layout [81].

Wemmerlov and Nancy reported that every decision during the design process whether
related to structure or operation, affects system cost and performance. Part-oriented
techniques approach cell design from the characteristics of the parts involved and range
from simple identification techniques, such as use of part name or part function, to more
sophisticated approaches using GT oriented classification and coding systems [103].

b) Operational issues

Aryanezhada et al. reported that in most of the cases planning procedures depends on the
type of cells involved, the operating pattern, the type of flow pattern in the cells, the
linkages between cells, the cell sizes, the number and sizes of the component families
assigned to the different cells, the relative setup times, the degree of automation, etc [5] .
Today’s production requirements with respond to product design changes in and
customer’s demand cannot be meet by Job shops and flow line manufacturing. As a
result, cellular manufacturing layout emerged as a potential alternative which identifies
similar parts and group them together into families to take benefit of their similarity in
product design and processing [89].

In Cell layout, part families formation is based on their similar manufacturing

requirements and the grouping of equipment/machines into production cell to process the
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formed product families stated by Barve et al. [14].

Arora et al. studied cellular processing plants which are running in a non optimal
surroundings. Their performance can be improved by optimizing the parameter. Review
shows most of the cell formation techniques and algorithm does not propose the required
size of the cell and the required number of cells [6].

Kulak et al. studied parameters like Raw material accumulation in days of inventory,
Lead time in days, Scrap rate in percentage, Throughput in no. of units , Overtime in
hours per week, WIP in days inventory,, Material travel distance in meters for
performance evolution [58].

Continuous readjustment of the plan/design of the cellular layout system and the
direction in which these adjustments takes place are depends upon latest market
development, new manufacturing technique and modern production/planning control
systems will constrain the cellular manufacturing application area[31].

Study of scheduling of cell capacity and orders is required to bridge the gap between cell
based conceptual works and quantitative contributions; author suggested a framework
for the planning tasks structuring [98].

Past research work has been concentrated to the clustering of the machine and parts into
cell and part families. So, acute need is to develop the models to specify the optimal
number of groups and optimal production mix subject to technological and logistical
constraints for optimal performance of cell based manufacturing/assembly layout [6].
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2.2 Issues considered for proposed work

2.2.1 Manpower utilization

Proper analysis of layout design improve the performance of production line by
parameters like minimizing material handling cost, decreasing idle time, reducing
bottleneck rate, increase in efficiency and utilization of manpower, equipment/ machines
and space [56].

Nikoofarid and Aalaei proposed approach to minimize holding and backorder costs and
manages machines and workers over a certain planning horizon [67].

Farimah and Aliasghar results showed that increase of workload sharing in a cell does
not amplify the production volume continually. Complete workload sharing is not
always capable of adding of production volume. Stations with less manual and
machining operations are controlled better and operators simultaneously controlled
bottleneck stations [32].

Mitala and Pennathur examined human presence is necessary to compensate for
practical/technological limitations, and that a intelligent human-centered approach to
design/development of cellular layout system promote flexibility, reliability, productivity
and the interdependency of human & technology[64].

Chenguan get the problem of how to reconfigure conveyor to assembly cell system
called serus. A detailed mathematical approach incorporating two issues of how many
serus established and how many workers should be assigned to each seru is developed.
Such a manufacturing system merges the considerable flexibility of the job shop and the
high efficiency of the conveyor used assembly line [26].

Viviana and Harold studied labor flexibility in cellular layout system characterized by
intra-cell operator’s mobility. The balance in the operators’ workload and the level and
type of machine sharing are important concepts to improve the performance of cellular
layout implementations. The selection of the best labor allocation strategies should
simultaneously consider production output, lead times, and the quantity of work-in-
process stock in the system [99].

The overall survey results show that the three major human issues in cellular layout
system are communication, teamwork and training [17].

Fitzpatrick and Askin suggested program for formation of effective human teams.
Operating /processing zone combination useful for identifying better route [33].

Jannes addresses effective cross-training of workers shows that if operators and
machines are connected, directly or indirectly, by task assignment decision. Cross-

23



Chapter 02 Literature review

training promotes the formation of effective ‘chains’ between operators and machines
through which task/work can be shifted, directly or indirectly, from a heavily loaded
operator to a less loaded operator [52].

Author considers a workforce planning approach considering human aspects like
technical and non-technical skills, operator’s training, and personalities of operators. The
research has demonstrated the importance of considering human factors early in the
planning process of manufacturing systems [63].

Satya and Douglas described the assignment of operators to cells and existing layout
system analysis. Management and the supervisor played an important role. The role and
the responsibilities of the supervisor, an operational decision, played an important
role [91].

Shahrokhi and Bernard developed an approach which provide platform for modeling and
in-depth analysis of operator performance in computerized three dimensional
environments. Author revealed that present human models are not adapted for evaluating
the variation of human behavior and performance [80].

The simulation experiments performed gave the importance of work-force management
and coordination, even in highly automated facilities where work force tasks are limited.
The outcomes highlighted the potential that will be achieved by enlarging the tasks
assigned to single workers, rather than focusing on specialization [25].

Gursel focused on cell loading issues and product processing sequence in labor-intensive
cells to minimize make span and machine requirements needed in labor-intensive
cells[36].

Authors suggest a design approach for assembly line based on effective teams, where
team is having well-defined job responsibilities. Team based assembly is substitute to
the traditional production/assembly line. These types of assembly lines are more superior
to traditional lines to achieve structure flexibility and manufactured goods quality and
also to provide better work environment to workers[53].

In simulator training of plant operation, different types of human errors take place in the
confused condition of the operator under abnormal situations. Cell layout simulation
approach is useful to identify these human errors [54].

Technology and humans in modern manufacturing environments are interdependent.
Interdependency is key to getting the most out of advanced manufacturing technology
and achieving the productivity and quality goals in product manufacture [64].

Fully cross-trained workforce is a desirable feature for the strategic benefits it provides
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optimization of production resources and processing requirements [24].

Performance of team is depends on individual operator behaviors and interpersonal
interactions within cell as well as operators technical competence [33].

The relations between operators and machines i.e. the required technical qualification of
workers form ‘chains’ which is use to reallocate/shift assigned work idle worker.
Assigned load to the bottleneck operator is an important parameter for determining
operational performance of human teams such as smaller throughput time of job and a
higher delivery performance of job [81].

Scheduling of parallel machine is based on the assembly cell loading considering
similarities among parts in relation to the similarity of number of machines required. As
the similar parts are grouped in the same cell, requirements of the number of machine
and space are minimized. There is need to minimize intra-cell manpower transfers to
simplify the machining operational control and easier processing operations in the cell
during product sequencing. So it is necessary to bridge the gap between available skills
with required skills per operator basis [36].

As the difference in labor efficiency is essential to line imbalance in labor intensive
manufacturing industry, a model is suggested to balance production/assembly
line through optimal operator allotment with the concern of operator
capability/efficiency [84].

Each worker on the team was responsible for making a different component. In this
manner, the workload/task was uniformly distributed among different multi-skill

workers i.e low, intermediate and high skill workers [63].

2.2.2 Operation time

Aryanezhada et al. suggested assumptions for cell based layout design in automobile
industry that the setup times on each machine are predetermined based on the
precedence of jobs [5].

Barve et al. reported important points to set a production at a particular range are:

1. Cell formation for different machines

2. Standard time required for a cell

3. Decision regarding running of a machine for one, two or three shifts

4. Once layout has been made no changes can be made in layout with increase in
demand

5. Minimum walking time required between two machines in a cell, due to this standard
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time is reduced [14].

The cell formation problem in cellular layout is the decomposition of the manufacturing
systems into cells. Part families are identified which are fully processed within the cell.
The cells are formed to take the advantages of group technology such as shorter set-up
times, in-process inventories, lead times and reduced tool requirements [1].

Reductions in manufacturing throughput time can results in lower work-in-process and
finished goods inventory levels, lower costs, and less forecasting error (because forecasts
are for shorter time horizons) [27].

Willem and Jalal find need to refine the search for which critical operations (bottlenecks)
cycle time to be reduced further, rather than a prior shortening of cycle time settings
(robot welding times), some of which are non-bottleneck operations that will not affect
average daily output [100].

Fahad studied focused cellular manufacturing that groups parts by end-items and forms
cell of machines to manufacture and assemble end-items. Flexible cellular
manufacturing syatem has a batching benefit i.e. less waiting time to batch components
before final assemble. Cellular manufacturing scheme experiences shorter assemble
waiting time since all the parts of an end-item are processed together in a single cell [34].
Converting to assembly cells also decreases move time per component, processing time
per component, processing variability, optimizing manufacturing throughput time
achieved through reducing production batch size and and transfer batch size. High
processing workstation utilization is a major contributor to larger manufacturing
throughput time, when variability in processing the component is high. In some cases, it
is not possible to decrease processing variability, then it is necessary to reduce
workstation utilization to achieve lower throughput times [50].

Planning and scheduling of processing activities depend on the times/costs required to
setup the facility for performing the activities. However, existing literature ignores this
issue [10].

2.2.3 Production volume

To meet requirements of new product features and customer demand, general- purpose
equipments/machines are used in cell base layout which saves time and cost. Thus it
provides better flexibility for production of a variety of products as suggested by
Chalapathi [22].

Pasupuleti studied the performance measures like mean lateness, mean flow time, mean
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tardiness and the make span are considered to evaluate the dispatching rules. It is useful
to identify the sequence of components to process on each machine and the entire
schedule for all the processing operations of the components [70].

In case of traditional machine operations on components, simultaneous arrangement of
part-families and machine-cells is required. The effectiveness of the processing method
depends upon the data like quantity and accuracy of the part machining/assembly
information as studied by Karuna et al. [57].

Most of Indian automobiles companies are now automation in plant like computer based
design up to computerized integration of machine and equipment during production as
research by Suleyman [79].

Aryanezhada et al. correlated production volume of each part and demand for final
product [5].

Cellular manufacturing system has been implemented to reduce motion, transportation
wastes, workers salary and their requirement. The results revealed an improvement in
productivity of the cellular manufacturing system. Modified material handling devices
have been used to reduce the motion wastes and unwanted transportation [16].
Productivity can be increased by reducing non value adding process which can be
identified through seven wastes (a. defects, b. inventory, c. motion, d. waiting, e. over
processing, f. overproduction, g. transportation) and through work study. Cellular layout
is a manufacturing philosophy in which similar parts are identified and grouped together
to take benefit of their parameters similarities in design and production [73].

Results of the experiment confirm that labor productivity is improved by implementation
of U-shaped layout can. This finding is critically important, because layout experts
cannot blindly convert existing layout to a U-shaped layout and try to obtain
considerable cost savings by raising labor efficiency. Labor productivity is more during
high demand periods when labors process three or fewer tasks on average i.e. low cycle
time or fast assembly line pace. Parameters like operator travel time, fixed task locations,
parallel workstations, material handling limitations and established dock locations are
majority contributors for improvements in labor productivity. Analyzing these types of
parameters accurately and sufficiently is difficult at best, so a series of industrial case

studies shows the true benefits of U-shape cellular assembly lines [40].

2.2.4 Machine capacity utilization
As per Choobineh the conflicting objectives considered in the present work are as
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follows:

1. Minimization of intra-cell workload imbalance: The mean squared deviation, defined
as the average of the squared differences between individual machine utilization and the
cell utilization, is the measure of load imbalance within a cell.

2. Minimization of inter-cell workload imbalance: This is the measure of variability of
total workloads among the cells. It would make sense if cells were assumed as separate
plants processing various parts of a variety of products, which will be sent to the final
assembly area to assemble the products. Then the arrival times of these parts to the
assembly area should be synchronized to prevent high-level inventories. Another
drawback of late arrivals is the increase in the flow time and decrease in the throughput
rat [23].

Machine flexibility is an important parameter to improve the throughput rate in assembly
shop. Assumption is that each job has fixed and flexible operations. Make span can be
reduced by providing some flexibility to existing structure.Flexibility to processing
operations can be assigned to any one of the machine in line or to a subgroup of
machines, not necessarily to nearby machine. [43].

2.2.5 Material handling

The principle of cellular manufacturing is to break up complex manufacturing/assembly
activities into several groups of machines (cells), each being dedicated to the processing
of a part family. Each part type is manufactured in a single cell which simplifies raw
material flow and makes planning/scheduling task easier as reported in the survey by
Wemmerlov and Johnson [102].

Aryanezhada et al. assumption states that intra-cell and inter-cell movement times of
each component and duration times for setting up and performing machining operations
are given for CMS design phase in auto industry [5].

The Study focused on an improvement of routing flexibility considering availability of
alternate machine for a product family, and secondary resources utilization [38].

Gursel and Cihan introduced a component sequencing issue to minimize the intra-cell
manpower transfers and showed that proposed methodology reduces the a major
rearrangement of machines in cellular layout and also reduces the need for diverse skill
requirements [36].

Set up of machine cells and their part families to optimize inter-cell and intra-cell
material flow is the primary objective of the formation of a cellular layout system [42].
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Product sequence generation requires sequential processing tasks. Assembly hierarchy of
product and parallel assembly of products permits other none sequential sequence
choices results into simplified product sequence generation and feasible layout
configurations [46].

The material handling system design problem as a whole requires that the logical and
physical aspects of material flow be combined by means of material handling equipment
and that the design be justified from both performance and economic perspectives [59].
Number of alternative processing routes and additional secondary resources are useful

for carrying simulation study in plants [38].

2.2.6 Floor space utilization

Aryanezhada suggested that both machining/processing and subassembly/assembly
operations are carried out in single cell [5].

Huawei et al. found method having combination of logical design and a physical layout
constraint is more beneficial than traditional layout design used in companies [45].
Design of reconfigurable assembly systems by incorporating both machines and
workforce can results into cost effective layout flexibility stated by Hu et al. [46].
Elmaraghy et al. prepares methodology to reduce number of cycles, decision points to
lower cellular layout systems complexity [30].

Thottungall and Sijo proposed the optimal layout for the plant to combine product based
layout and process layout into suitable cellular layout [97].

Smutkupt and Wimonkasame developed a system that can search for a good layout and
then show more important information about production. Both concepts are
implemented as computer software with the plant layout design module and the plant
layout simulation module [93].

According to Dwijayanti et al. states that appropriate restructuring of existing layout
improves the performance of assembly line. It decreases bottleneck rate, reduces idle
time, minimize material handling cost, utilization of labour, equipment and space and
raise the efficiency [28].

Shop floor layouts studied by using component routing information, material handling
devices specifications, raw as well as work-in-process material storage requirements and
part packaging information. Factory layout based on material flow travels, flow
frequency and cost. It gives more efficient factory layouts, which result in lesser material

handling and increased throughput. Simulation is useful to run trial experiments without
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disturbing an existing processing/assembly system [106].

The U-line relocates machines around a U-shape curvature line in the order in which
assembly activities are performed. In case of negligible set up time, U-shape assembly
lines are operated as mixed-model lines where each processing station is capable to
manufacture any component in any cycle. Multiple U-shape lines are suitable in case of
larger setup times and dedicated to different parts [51].

Poornachandra and Vira suggested group technology to achieve integration of assembly
activities with production of parts. It is preferred to have a layout system design which
has a mix of group technology and integration efficiencies, compared to a design which
outperforms on group technology criteria and completely lacks integration of assembly
operations with production of parts. [72].

Gerald empirically confirmed that workforce productivity will improve when switching
from a straight-line assembly layout to a U-shaped assembly layout. These research
findings shows limitation of U shape cell layout change when factors like the number of
processing tasks and part cycle times are varied [40].

Multi-skilled operators are required to operate various machine and equipments or
processes in U-line. Operators should work in standing up and walking position [61].
Total material flow cost can be reduced by incorporating intra-cell decisions in cell
formation and inter-cell design process in cellular layout manufacturing systems [88].
Restructuring the cell layout to meet the customer needs may be more time-consuming
and costly. Reconfiguration of assembly line becomes impracticable if the major
changes occur very frequently. Companies tend to adopt a traditional machining layout
combined with the advantages of cell based layout systems. [15].

The alternative types of cell arrangement discussed in this paper are: using a common
cell for sharing machines between cells, allowing part families to have alternating routes,
and relocating the machine cells into an assembly line. These types of cell arrangement
could be more appropriate in considering a switch from a traditional job shop to a group
technology layout of fully independent cells [8].

2.2.7 Cost factor associated with plant layout

Ghosh et al. reported the Product Oriented Approach (POA): the process route of each
part is studied from route sheet and parts requiring similar processing operations are
grouped together. The optimizing criteria may be minimizing costs in terms of

intercellular movements, machine duplication etc [42].
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As per Choobineh the conflicting objectives considered in the present work is
minimization of total cost i.e. total cost comprises of machinery/equipments investment
cost and working/operating cost [23].

Saghafianl and Jokar proposed a model of assembly cell formation in relation to inter-
cell and intra-cell layout issues to optimize total inter-cell and intra-cell flow costs
instead of reducing the number of inter-cell movements. Authors also proposed
integrative model for simultaneous determination of cell layout formation as a
replacement for sequential processing approach [88].

Shahram et al. presented the cellular design to utilize existing and new
equipments/machines in a product processing. Author suggests that simply rearranging
existing and new equipments/machines into cells are beneficial, but it required huge
initial investment. Improvements in available machines and material handling set up is
required to increase cell productivity and lower restructuring investment to a economical
level [90].

Jeffrey presented a approach for cell formation that allows demand variability and also
considers the cell size to find the cost to manufacture each part [49].

While designing a cellular layout system, grouping the machines in cells and the parts as
part families, their capacity, material handling costs, namely intercellular and
intracellular movement costs with respect to machines layout are of the most important
issues being considered carefully suggested by Mohammad et al. [63].

Reza et. al studied features like the variable number of cells, the integrated cell
flexibility. Authors also studied conflicting objectives like a. decreasing the total cost
associated with machine relocation, purchasing new machines/equipments, inter-cell
material handling, processing on machines, overhead, and formation of new cells and b.

to optimize the imbalance of assigned workload among various cells [78].

2.2.8 Application of simulation

Jeffrey studied the capability to integrate simulation with manufacturing and enterprise
systems. The benefit from this integration has led to the acquisition of several simulation
vendors by system integrators and enterprise software vendors [49].

To fulfill customer demand, layout may be adjusted (1) at the system level by adding
machines, (2) at the machine level by adding spindles and axes, or changing angles
between axes, and (3) at the control software by integrating easily advanced controllers
stated by Yoram and Moshe [107].
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Simulation helps for developing efficient equipment and also save time and money from
mistakes in redesign and re-fabricating equipment in comparison with conventional
methods [65].

Tillal and Ray investigated the existing manufacturing simulation software environments
that may offer variable detail modeling and to classify models’ entities related to the
levels of detail and to develop mechanisms in order to increase the level of detail of
models effectively [95].

Razman and Ali studied that simulation models are useful for assembly industrial
issues [75].

Chryssolouris et al. investigated that simulation statistically analyze what-if scenarios,
thus reducing overall time and cost required for taking decisions, based on the system
behavior [20].

Greasley used simulation to determine the material storage required for a manufacturing
facility and it is achieved by storing attribute values [35].

Igbal and Hashmi described that simulation helps in evaluating plant layout before
actually building them and assists in avoiding the cost involved in doing physical re-
layout. By virtual factory layout, a designer feel of the actual setting of the factory, easy
to visualize, understand and evaluate. Re-location of the machine can be done such that
the cell material handling cost decreased as well as the bottleneck removed [47].

Caputo presented a simulation model that allows the elaboration of an operative plan of
production through the verification of finite capacity scheduling of resources. The model
tends to minimize costs of stocking and set-up, considering other production costs as
constant [21].

Williams and Orlando used discrete process simulation for optimum design considering
tooling systems, cellular material handling systems, and ergonomic workplace design.
Improvement of the cycle time during the simulation study had required inclusion of
various stop, switch, and control positions, plus control logic sequences, within the
simulation model [104].

The case study showed that automated processes are an excellent scope for simulation
experiments. A major drawback of this method is that simulation models can not be
standardized. That means if the structure of real system changes the model has to be
adjusted [71].

Simulation approach can be applied in the plant to improve the operational production
planning and control. The understanding of the simulation of layout needs various
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software components such as design and planning software or simulation tools [106].
Dombrowskia and Ernsta suggested a simulation approach to analyze shop floor layout
variants that are adequate for future changing requirements. Scenario-based simulation
model is feasible for design/development, analyze and parametric evaluation of various
variants of the manufacturing/assembly layout [29].

Michael and Engelbert developed the Method for situation-based Modeling and
Simulation of Assembly Systems based on the Assembly System Base Model, the
Modeling Language, the Modeling Procedure, the Resource Library and the
Manufacturing Capability. The method is able to represent the layout, factory objects
and interdependencies in an assembly system model [62].

Success of simulation trials are depends on parameters like a. human resource structure
of the departments and their interrelationships, working shift patterns and production

rules and the accuracy of data related to machine capacity [3].

Simulation studied by Yinhua et al. examined the results that match well qualitatively
with observations of actual plant operations and simulator training. It is useful to analyze
the generation mechanism of various types of human errors [108].

Simulation is used to modify existing layout systems by modeling, trials and analyze.
Most of the simulation models are accepted by industries through usage of ERP as stated
by Jeffrey [48].

Desired production rate, small buffer size and optimized cycle time are main issues for
effective and efficient manufacture/assembly layout. It is necessary to analyze the impact
of different cycle times and buffer sizes on existing layout while restructuring [92].

More recent work has focused on the design of 3D interaction in an immersive VR
environment. Initially the standard 3D interaction interface of the VR software was
examined. Here the user has to immerse the representation of their hand into the

computer generated object [55].
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Figure 2.1 Development stages for the layout planning tool in relation to interactivity and
feedback [55]
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2.3 Concluding Remarks

Previous literature results in issues like separation with present assembly line layout
problems, adoptability for rapidly changing environment and finally set up of new
modified assembly layout. The existing layout of the plant is considered to be too rigid
to change partially or completely in accordance with the customer requirements.
Previous research discussed part or product families and utilization of similarities in
manufacturing/assembly operation requirements. Finally, three resources identified for
study are man, machines and material handling within cell. In essence, Cellular
manufacturing system can be defined as manufacturing cells, dedicated to the production
of one or multiple parts/products, whose resources may not be physically adjacent in the
shop floor but logically placed accordingly their functions or applications. The models
developed so far have discussed common factors based on maximum utilization of
cellular manufacturing systems. By studying literature, there is necessity to recognize
industry reality surrounding cellular manufacturing system, through additional, and more

rigorous empirical research.

35



Chapter 03 Parametric analysis of layout

Chapter 03

Parametric analysis of layout

This chapter describes the problems associated with existing layout and calculation of

various parameters of existing layout to analyze in present study. This chapter also describes

the formation of new layout to overcome limitations of existing layout and calculation of
various parameters for proposed layout to analyze in present study.

3.1 Significance of layout

3.1.1 Principles of plant layout

1. Integration: overall integration of all pertinent factors such as men, material, machinery
and supporting activities in a way that affect the layout.

2. Utilization: an effective utilization of all the inputs i.e. machinery, people and space.

3. Closeness: practical minimum distance for moving material supporting services and
people between operations. Space should be efficiently used both horizontally and
vertically.

4. Flow: work flowing through the plant is in stream line and in logical sequence i.e., in
same order or sequence that forms, treats or assembles the material.

5. Expansion: easy to expand-without disturbing the existing layout and production
schedules.

6. Flexibility: Easy to arrange, or adjust at minimum cost and least inconvenience.

7. Versatility: Adaptable to changes in product design, sales requirement and process
improvement.

8. Regularity: A regular or straight division of area and relatively even sizes of areas.

9. Capital Investment: Avoid unnecessary capital investment.

10. Convenience: For all employees, in both day to day and periodic operations.

11. Satisfaction and Safety: Ensures work satisfaction and safety for all workers [2].

3.1.2 The need for re-layout decision

Why do layout problems arise? Ordinarily when one thinks of plant layout, one links it with

planning an entirely new plant starting from scratch. Although such occasions undoubtedly

do arise, this usually is not the reason all the time. More frequently, layout work consists of
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making minor changes in the existing layouts, locating new machines, revising a small

section of the plant, or making occasional changes in material handling
systems or so. The most common reasons for redesigning of plant are the result of one or
more than one of the following:

. Inefficient operations i.e. high cost of production, bottlenecks etc.

. Changes in the design of production/services.

. Introduction of new product services.

. Changes in mix of outputs.

. Changes in volume of output.

. Obsolescence or failure of existing equipment.

. High percentage of rejection.

. Congestion in plant, lack of storage space etc.

© 00 N o o B~ W DN

. Workers complaint regarding working conditions, (noise, light, temperature etc)

10. High rate of accident or safety hazard.

11. Changes in the location of market for existing products.

12. Environmental changes.

13. Changes in factory legislation.

14. Redesign of material handling system [2].

3.1.3 Proposed layout

After cell information, it is essential machines at proper location. Due to change in demand
it directly affects a layout if proper layout is not present. Generally, shape of layout is ‘U’
shape, also cell having triangular, rectangular, trapezoidal etc. is used. Cell operation is
based on elemental operation time details. One operator can operate one cell, so that
minimum operator required as compared to existing layout.

Cellular layout is having its advantages like minimum space requirement; production takes
place as per the demand and minimum operator requirement. But, the major problem that
arises in a cellular layout is when one machine in a cell goes under breakdown then entire
cell gets affected. Also skilled operator is required for performing an operation in cell.

Cost factors are —

Material handling cost - Rs. 0.50 per feet

Operator cost per month- Rs. 20000 per month
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Material handling device cost per year - Rs. 30000 each
Cost of land for per square feet is assumed as Rs. 1000.
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Chapter 04

Results and discussion
Analytical study for Xylo and Scorpio Exhaust system assembly lines is presented in this
chapter considering various parameters which affects to larger extents on restructuring of
shop floor layout in industry.
4.1 Case study no. 01- Scorpio W105 front pipe assembly layout

From the study and analysis it is found that:

a. Manpower utilization
*-Existing layout

* Proposed layout
® Simulated layout

No. of operators

Leer front pipe  Assembly line Mhawk front pipe

Figure 4.1 Manpower utilization of Scorpio front pipe assembly line
1. No. of operator required is reduced by three.
2. Manpower utilization increases by 12.5 % for Iccr model and 40 % for mhawk model.

3. Average utilization of Scorpio W105 front pipe assembly line increase by 23%.
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Figure 4.2 Percentage utilization trend after validation for Scorpio front pipe assembly line
Analysis shows percentage utilization trend after validation is positive and synchronized to
cell capacity to meet demand as per production target.

b. Operation time

¥ Cycle Time for existing layout (Seconds/Job)
¥ Cycle Time for proposed layout (Seconds/Job)

681.1 681.1

Cycle time

Lcer front pipe  Assembly line Mhawk front pipe

Figure 4.3 Cycle time for Scorpio front pipe assembly line

Operation cycle time decreases by 9.39 % for Iccr model and remains constant for mhawk
model.
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¢. Production volume

¥ Job/Shift for existing layout
* Job/Shift for proposed layout
® Job/Shift for simulated layout

171 179

Job /shift

Lcer front pipe Mhawk front pipe

Assembly line

Figure 4.3 Job per shift for Scorpio front pipe assembly line
1. Production volume increases by 40 % in proposed layout for lccr model and 21.43 % for
mhawk model.
2. Production volume increases by 50 % in simulated layout for lccr model and 27.86 % for
mhawk model.
3.From above values, production volume for proposed line is equal to production volume for
simulated assembly line after validation.

d. Machine capacity utilization

¥ Existing layout
¥ Proposed layout
® Simulated layout

Capacity utilization

in percentage

Front pipe
Assembly line

Figure 4.4 Machine capacity utilization for Scorpio front pipe assembly line
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1. Machine capacity utilization increases by 61.68 % for proposed front pipe assembly line
and 73.83 % for proposed assembly line after simulation.

2. From above values, machine capacity utilization for proposed line is equal to machine
capacity utilization for simulated assembly line after validation.

e. Material handling

180
160
140

120

Distance travelled by  1qg

component in cell
(feet)

* Existing Layout
* Proposed Layout

80
60
40
20

0

LCCR FP MHAWK FP
Name of assembly line for different models

Figure 4.5 Distance travelled by component in cell for Scorpio front pipe line
Distance travelled by component in cell is reduced by 22.32 % and 13.49 % for lccr and
mhawk model respectively.

¥ Existing layout
¥ Proposed layout

31791.2 ¥ Reduction of material travel per shift

35000
30000 24696
25000

Total material 20000

travelin cell (feet)
15000

10000

5000 -

0

Lcer front pipe Mhawk front pipe

Assembly line
Figure 4.6 Total material travel in cell for Scorpio front pipe line

From above values, total material travel in cell for front pipe is reduced by 991.8 feet per

shift.
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f. Cost factor associated with plant layout

® Existing layout * Proposed layout ® Reduction of cost
300000

300000
260000

240000
250000

200000

200000

Costinrupees
150000

100000

Material handling cost Operator cost per Material handling

per day month device cost per year
Assembly line

Figure 4.7 Cost element associated with Scorpio front pipe line
1. For proposed assembly line, total cost incurred will be reduced by Rs.5,880 for material
handling per day, Rs. 60000 for labour cost per month and Rs.2,40,000 for material handling
equipments per year.

2. From above results, total cost saving per annum will be Rs. 25,82,880.
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4.2 Case study no. 02- Scorpio W105 mhawk muffler & tail pipe assembly

a. Manpower utilization

Z

7 7 7
¥ Existing layout
* Proposed layout 6 6
™ Simulated layout
4
4 3
No. of operators 3

Lccer tail pipe Mhawk tail pipe Lccr muffler Mhawk muffler
Assembly line

Figure 4.8 No. of operators required for Scorpio mhawk muffler & tail pipe line
1. No. of operator required is reduced by 02 for lccr tp & mhawk tp, 01 for lccr muffler line.
2. Manpower utilization increases by 25 % for lccr/mhawk tail pipe model and 14.28 % for
Iccr muffler model. Manpower utilization remains constant for mhawk muffler model.
3. Average utilization of Scorpio W105 mhawk muffler & tail pipe assembly line increases
by 16.07 %.
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% Utilization trend after validation for Muffler Assembly Line

® 398

® 33 @ 379 ® 373

® 368 @366

lobs/Shift/Operator after
calculation

® Jobs/Shift/Operator after validation

50 60 70 80 90
Operation No.

% Utilization trend after validation for TP Line

Jobs/Shift/Operator
Jobs/Shift/Operator after validation

50
peration no.

Figure 4.10 Percentage utilization trend for Scorpio tail pipe assembly line
Analysis shows percentage utilization trend after validation is positive and synchronized to

cell capacity to meet demand as per production for Scorpio mhawk muffler & tail pipe line.
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b. Operation time

¥ Cycle Time for existing layout (Seconds/Job)
*-Cycle Time for proposed layout (Seconds/Job)

804
714

Cycle time

Lcer tail pipe Mhawk tail pipe Lccr muffler Mhawk muffler
Assembly line

Figure 4.11 Cycle time for Scorpio mhawk muffler & tail pipe line
1. Operation cycle time remains constant for Iccr and mhawk tail pipe model.
2.0peration cycle time decreases by 11.19 % for Iccr muffler model and 10.81 % for mhawk
muffer pipe model.

c¢. Production volume

* Job/Shift for existing layout
* Job/Shift for proposed layout

348
335
¥ _Job/Shift for simulated layout
288 277
222 225 224 230
Job /shift
140 140
120 120

ccr muffler Mhawk muffler

Lccr tail pipe Mhawk tai,&?é%‘ranbly Iline

Figure 4.12 Job per shift for Scorpio mhawk muffler & tail pipe line
1. Production volume increases by 105.71 %, 148.57 %, 85 % and 86.67 % for Iccr tail pipe

model, mhawk tail pipe model, Iccr muffler model and mhawk muffler model respectively.
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2. Production volume in simulated layout increases by 97.86 %, 139.28 %, 87.5 % and 91.67
% for Iccr tail pipe model, mhawk tail pipe model, Iccr muffler model and mhawk muffler
model respectively.

From above values, production volume for proposed line is equal to production volume for
simulated assembly line after validation.

d. Machine capacity utilization

¥ Existing layout
¥ Proposed layout
-
100 Simulated-layout 9233

96.7

90

80

70

Capacity utilization 60
in percentage 50
40

30

20

10

0

Tail pipe line . Muffler line
Assembly line

Figure 4.13 Machine capacity utilization for Scorpio mhawk muffler & tail pipe line

1. Machine capacity utilization increases by 70.98 % and 65.79 % for proposed tail pipe
assembly line and muffer assembly line respectively.

2. Machine capacity utilization increases by 79.07 % and 70.17 % for simulated tail pipe
assembly line and muffer assembly line respectively.

From above values, machine capacity utilization for proposed line is equal to machine

capacity utilization for simulated assembly line after validation.
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e. Material handling

50
45
40
35
30

* Existing Layout

* Proposed Layout

33.8

Material travel in feet 25
20

15

10

5

0

LCCRTP MHAWK TP
Name of assembly line for different models

Figure 4.14 Distance travelled by component in cell for Scorpio mhawk tail pipe line
Distance travelled by component in cell increases by 22.70 % for Iccr tail pipe model and 30
% for mhawk tail pipe model.

Material movement distance slightly increases to provide separate storage area between two

machines for excess WIP material.

90
* Existing Layout * Proposed Layout 78.5

80

R — 73

65.5 —_—

70

60 —_—

50
Material travel in feet

40

30

20

10

0

LCCR Muffler MHAWK Muffler
Name of assembly line for different models

Figure 4.15 Distance travelled by component in cell for Scorpio mhawk muffler line
Distance travelled by component in cell decreases by 10.23 % for Iccr muffler model and

07 % for mhawk muffler model.
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¥ Existing layout
* Proposed layout
™ Reduction of material travel per shift
14541
12920.4

18000
16000
14000
12000

Total material 10000

travel in cell (feet)
8000

6000
4000

2000 — —
(0]

Lccr muffler Mhawk muffler
Assembly line

Figure 4.16 Total material travel in cell for Scorpio muffler line
From above values, total material travel in cell is reduced by 1620.6 feet per shift for Iccr

muffler and 1232 feet per shift for mhawk muffler.
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f. Cost factor associated with plant layout

¥ Existing layout

250000
* Proposed layout

210000
200000
150000

Cost in rupees

100000

10656 13075

Material handling cost Operator cost per Material handling
per day device cost per year

month
Lccr tail pipe assembly line

Figure 4.17 Cost factor associated with Scorpio lccr tail pipe line
For proposed assembly line, total cost incurred will be increased by Rs.2,419 for material
handling per day while total cost incurred will be decreased by Rs. 20,000 for labour cost per
month and Rs.150000 for material handling equipments per year. Total cost per annum

increases by Rs. 2,77,644.
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¥ Existing layout

250000
¥ Proposed layout

210000

200000

150000
Cost in rupees

100000

Material handling cost Operator cost per Material handling

device cost per year

erda month
P y Mhawk tail pipe assembly line

Figure 4.18 Cost factor associated with Scorpio mhawk tail pipe line
For proposed assembly line, total cost incurred will be increased by Rs.2,714 for material
handling per day while total cost incurred will be decreased by Rs. 20,000 for labour cost per
month and Rs.1,50,000 for material handling equipments per year. Total cost per annum
increases by Rs. 3,59,064.
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¥ Existing layout
250000
¥ Proposed layout

210000

200000

140000

150000

Costin rupees 120000

100000

14541 12920

Material handling cost Operator cost per Material handling

per day month device cost per year
Lccr muffler assembly line

Figure 4.19 Cost factor associated with Scorpio Iccr muffler line
For proposed assembly line, total cost incurred will be decreased by Rs.1,621 for material
handling per day, Rs. 20,000 for labour cost per month and Rs.1,50,000 for material handling

equipments per year. Total cost per annum decreases by Rs. 8,37,396.
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250000 * Existing layout

* Proposed layout

210000
200000
140000 140000

150000
Costin rupees

100000

17584 16352

Material handling cost Operator cost per month Material handling device
per day cost per year

Mhawk muffler assembly line

Figure 4.20 Cost factor associated with Scorpio mhawk muffler line

For proposed assembly line, total cost incurred will be decreased by Rs.1,232 for material
handling per day and Rs.1,50,000 for material handling equipments per year. Total cost per
annum decreases by Rs. 4,90,032 approximately.

Total cost saving per annum will be Rs. 5,59,752 for Iccr assembly line and Rs. 1,30,968 for

mhawk muffler assembly line.
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4.3 Case study no. 03- Xylo exhaust system assembly layout

a. Manpower utilization

= Muffler
* Tail Pipe
90% ® Front Pipe

100%

80% T72% 73% 71i%

60%

% Utilization 50%
40%

30%

20%

10%

0%

Manpower Utilization in Existinglayout Manpower Utilization in Proposed layout

Figure 4.21 Comparison of Manpower utilization for Xylo exhaust system assembly line
Reduction of operators = 05 per shift
Cost saving = 05 X 02 shift X Rs.20000 per operator = Rs. 200000 per month
Above graph shows average manpower utilization increase by 31%, 28% and 23% for

muffler, tail pipe and front pipe respectively.

% Manpower ¥ Existing layout

utilization ¥ Proposed layout

™ Simulated layout

Assembly line

Figure 4.22 Average manpower utilization for Xylo exhaust system assembly line
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Average manpower utilization increases from 72% to 92% for proposed Xylo exhaust
system assembly line and 72% to 93.5% for simulated Xylo exhaust system assembly

line.

200)
% Utilization trend after validation for TP Line

700

“— Jobs/Shift/Operator
*— Jobs/Shift/Operator after validation

600

500

Utilization 400

300

200

100

40 50 60
Operation no.

Figure 4.23 Percentage utilization trend after validation for tail pipe assembly line
1600
% Utilization trend after validation for FP Line

1400 1377
1285 +— Jobs/Shift/Operator
1200

1000 ¥— Jobs/Shift/Operator-aftervalidation

Utilization 800
600

400 424 381

500 2PN myren P mpnse M paoae N 27 72137 g9 208 T 298 202

55 77

65 . 75
Operation no.

Figure 4.24 Percentage utilization trend after validation for front pipe assembly line
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From above values, average manpower utilization for proposed line is equal to average

manpower utilization for simulated assembly line after validation.

b. Operation time

¥ Cycle Time for existing layout (Seconds/Job)
* Cycle Time for proposed layout (Seconds/Job)

920 960
900

Cycle time

Xylo muffler line Xylo tailgipe_line Xylo front pipe line
Assembly line

Figure 4.25 Cycle time for Xylo assembly line
Operation time decreases by 25.29 %, 32.30 % and 6.25 % for Xylo muffler model, tail pipe
model and front pipe model respectively.

¢. Production volume
* Job/Shift for existing layout

¥ Job/Shift for proposed layout
® Job/Shift for simulated layout

222 230

Job /shift

Xylo muffler line Xylo tail pipe line
Assembly line

Figure 4.26 Job per shift for Xylo assembly line
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Production volume increases by 85% and 105% for proposed xylo muffler and tail pipe line
respectively.

Production volume increases by 91.66 % and 93.57 % for simulated xylo muffler and tail
pipe line respectively.

From above values, production volume for proposed line is equal to production volume for
simulated assembly line after validation.

d. Machine capacity utilization

Chart shows optimized space utilization for new layout compared to existing layput.

¥ Existing Layout
¥ Proposed Layout

® Simulated layout

80
% Utilization 60
40
20

0

Muffler Line Tail Pipe Line Front Pipe Line

Assembly line

Figure 4.27 Machine capacity utilization for Xylo assembly line
Above graph shows average machine capacity utilization increases by 32%, 27% and 16%
for muffler, tail pipe and front pipe respectively in case of proposed layout.
Above graph shows average machine capacity utilization increases by 34%, 30% and 31%

for muffler, tail pipe and front pipe respectively in case of simulated layout.
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Comparative analysis of Cellular Layout % utilization for Xylo Assembly Line

1600
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9000000
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Figure 4.28 Comparative analysis of percentage utilization for Xylo Assembly Line
Analysis shows % Utilization trend after validation is positive and synchronized to cell

capacity to meet demand as per customer requirements.
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e. Material handling

“= Existing Layout
Proposed-tayout

-

WIP distance
travelled

Name of Production Line

Figure 4.29 Distance travelled by work-in-process for various models

® Existing layout
* Proposed layout
¥ Reduction of material travel per shift

85166
100000

80000

Total material POOO

travelin cell (fee%

40000

20000

Xylo assembly line

Figure 4.30 Distance travelled by work-in-process in Xylo Assembly Line
Maximum distance travelled by job= 70 feet.
Total material handling cost saving per shift = 5806 X 0.50 per feet =Rs.2903 per shift
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Distance travelled by component from starting point to end point is reduced for Lccr front
pipe, Mhawk front pipe, Lccr muffler, Mhawk muffler but slightly increased for Lccr tail
pipe, Mhawk tail pipe to avoid backtracking of work-in-process material within cell.

In assembly line, trolleys are required for storing of a component after processing on each
machine. Separate trolley is required for each operation in existing layout. In cellular layout,
one trolley is required for inlet and outlet store considering roller conveyor system in
proposed layout. Due to cellular layout trolleys are minimizing as compare to existing

layout.

* Existing Layout
10 =
Proposed Layout

8 7

No.of trolleys 6

Muffler Line Tail Pipe Line Front Pipe Line
Assemblyline

Figure 4.31 Trolley requirement for Xylo Assembly Line
Cost/Trolley = Rs. 30000
Total cost saving for Trolleys in Proposed Layout = Rs. 5, 40, 000.
Total cost saving upto 75 % for Trolleys is possible in proposed Layout.
f. Floor space utilization
In existing layout space required for line is 60meter x 13 meter (i.e. 806 square meter) Due
to Proposed, it is reduced to 53 meter x 10 meter (i.e. 530 square meter). Therefore, space

saving is 276 square meter = 906 square feet.
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Areain Sq.mtr.

Existing Layout Proposed Layout

Figure 4.32 Comparison of space requirement for Xylo Assembly Line
Saving in space is 34.24% by proposed layout implementation.
g. Cost factor associated with plant layout

™ Existing layout * Proposed layout ™ Reduction of cost
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700000
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Figure 4.33 Cost factor associated with Xylo Assembly Line
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For proposed assembly line, total cost incurred will be reduced by Rs.2893 for material
handling per day, Rs. 80000 for labour cost per month and Rs.540000 for material handling
equipments per year.

From above results, total cost saving per annum will be Rs. 2323308 approximately.

Cost of reinstallation of the layout is about Rs. 2323308 from payback period calculation the
payback period for reinstallation cost is equal to one year and six months, when component
manufacturing is based on proposed layout.

4.4 Other parameters

1] Standard time reduces in proposed layout because during auto cycle, operator handles
more machines in a cell. Therefore, target for manufacturing the components gets increased
and completion of target as per demand.

2] Space saving:

Keep all welding M/C Control Panels on overhead platform and that platform should be
accessible to operator results in-

e Free space between 02 M/Cs increases which can be utilised for WIP Trolley.

e Easy for regular maintenance of M/C & Electrical Panels.

Figure 4.34 Sample overhead platform
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MIG WELDING M/C KEPT ON THE OVERHEAD
STRUCTURE ABOVE DED.

Figure 4.35 Overhead platform in Scorpio muffler assembly line

3] Automation- W105 muffler assembly line

Combine Seal ring welding operation of inter-pipe (M/C No. 01) with DED SPM welding
M/C i.e. providing additional welding gun & modification in fixture is required which result
in (Refer figure 4.36)

a. Clamp inter-pipe with muffler from top-Left side clamping

. Weld seal ring by RH torch

Clamp on inter-pipe with muffler both side

(on

o o

. Weld muffler to inter-pipe by middle torch results in
. M/C No. 01 can be eliminated from line.
Scope for reduction of one operator from the cell.

. WIP movement reduced.

>0 «Q = o

. Saving of Space for one machine on assembly line.
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0 A=

_
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R v,

Figure 4.36 Automation area- W105 muffler assembly line (SMIL)
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4] Provide guide ways for trolley on floor within cell for trolley movement & design trolley

as per width of guide way for all components.

Figure 4.37 Sample photograph of guide ways on shop floor
— o - g

Figure 4.38 Sample photograph of guide ways on shop floor
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Chapter 05

Conclusions

The conclusions drawn from this research are summarised in this chapter. Recommendations
and the direction of further research is also suggested.

5.1 Conclusions

To test and evaluate research approach a comprehensive case study is undertaken at a
SMIL Nasik. Restructuring of existing plant layout to new layout results into huge cost
saving by improvements in layout like aisles are left open along walls, all goods flow in the
same sequence, layout arranged to flow according to processing sequence, job process by
First in — First out, eliminated any use of non-value adding space, parts are arranged for easy
feeding into line, stock-on-hand for entire line is predetermined, only non-defectives are fed
to the first process, factory is divided into areas and line numbers, equipment is laid out for
easy maintenance access, processes are brought as close as possible, U-shaped cells are
arranged for neat outward appearance and backtracking of WIP material is avoided, analysis
shows percentage utilization trend after validation is positive and synchronized to cell
capacity to meet demand as per customer requirements, simulation readings proves that
proposed layout and parameters associated with layout are within limit to satisfy customer
requirements.

Improvements in major parameters are -

5.1.1. Manpower utilization

No. of operator required are reduced by three, three and five for Scorpio front pipe,
tail/muffler line and Xylo assembly line respectively. Average manpower utilization
increases by 23%, 25 %, 14.28 % and 92% for proposed Scorpio front pipe, tail pipe, muffler
line and Xylo assembly line respectively. Analysis shows reduction of eleven operators per
shift. i.e. 22 operators per month (for two shift) results in cost saving of Rs. 52,80,000 per
annum.

Manpower utilization increases due to cellular manufacturing implementation. This
methodology groups together machining and small team of staff directed by a team so all the
work on a component can be accomplished in the same cell eliminating resources that do not
add value to the manufactured goods.

5.1.2. Operation time
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Operation cycle time decreases by 9.39 %, 11.19 %, 10.81 %, 25.29 %, 32.30 % and 6.25 %
for Scorpio lccr tail pipe, Iccr muffler, mhawk muffer, Xylo muffler, tail pipe and front pipe
model respectively.

With reduction waste in terms of setup time, waiting time, work in process inventory results
in improvement of productivity. The number of operation per part reduced through the
implementation of new machinery/technology that which combine multiple operations in a
single operation. Operator devotion allows the workers processing the jobs to become more
recognizable with a similar family of components thus potentially reducing the throughput
time per component.

5.1.3. Production volume

Production volume increases by 40 %, 21.43%, 105.71 %, 148.57 %, 85 %, 86.67 %, 85%
and 105% in proposed Scorpio Iccr front pipe, mhawk front pipe, lccr tail pipe, mhawk tail
pipe, lccr muffler, mhawk muffler, Xylo muffler and tail pipe line respectively.

Production target increases due to shorter through time which result into the return business
from automobile manufacturers who are satisfied due to shorter throughout time.

5.1.4. Machine capacity utilization

Machine capacity utilization increases by 61.68 %, 70.98 %, 65.79 %, 32%, 27% and 16%
for proposed scorpio front pipe, tail pipe, muffer line, xylo muffler, tail pipe and front pipe
line respectively. Machine capacity increases due to implementation of new technology
machinery and automation of existing production system.

5.1.5. Material handling

Total material travel per shift in cell is reduced by 991.8 feet, 1620.6 feet, 1232 feet and 5806
feet for Scorpio front pipe, lccr muffler, mhawk muffler and xylo line respectively.

Total material handling cost saving per shift is Rs. 4825 i.e. Rs. 26,63,400 per annum due to
switch over is made from traditional to cellular layout.

Total cost saving for Trolleys in Proposed Layout is Rs. 5,40,000 per annum. In assembly
line, trolleys are required for storing of a component after processing on each machine.
Separate trolley is required for each operation in existing layout. In cellular layout, one
trolley is required for inlet and outlet store considering roller conveyor system in proposed
layout. The new layout arrangement together with the installation of roller conveyor, made

possible a substantial reduction in material handling the amount of material-in- process and
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temporary storage handling by means of the hand trolleys and lifting from floor to table will
be practically eliminated. Also one piece flow decreases rework and scrap because faulty
parts can be quickly identified at the subsequently operation.

5.1.6. Floor space utilization

In existing layout space required for line is 60meter x 13 meter (i.e. 806 square meters) Due
to proposed layout, it is reduced to 53 meter x 10 meter (i.e. 530 square meters). Therefore,
space saving is 276 square meter i.e. 906 square feet. Saving in space is 34.24% by proposed
layout implementation due to redesign of layout and combining multiple operations into
single operation using new technology.

5.1.7. Cost factor associated with plant layout

Total cost saving per annum will be Rs. 25,82,880, Rs. 5,59,752, Rs. 1,30,968 and Rs.
23,23,308 for Scorpio front pipe line, Iccr assembly line, mhawk assembly line and xylo
assembly line respectively. Overall saving is upto Rs. 55,96,908 per annum.The monetary
impact is that the cost associated with this project is substantial small in comparison to the
benefits derived from the improvement in various parameters.

Second economical impact is reduction of one shift per day to achieve same production target
as in existing layout i.e. instead of three shift per day, target achieved in two shift per day
results in huge cost saving per annum, 33% approximately.

Third economical impact is that scope for company to run third shift for additional
production as per existing or new customer requirement i.e. profit margin will increase by
33 % per annum compare to existing conditions.

5.1.8. Significance of simulation

From results, utilization for proposed line is equal to average utilization for simulated
assembly line after validation. Simulation readings proves that proposed layout and
parameters associated with layout are within limit to satisfy customer requirements i.e. Job
target / shift. Result of the simulation study here clearly indicated that the choice of a
alternate layout has impact on the productivity. In real life situation this approach increases
the scope of efficient machine cell formation and reduces the complexity of the problem.
Simulation study shows that proposed alternative layout optimize various productivity

parameters compare to existing layout for auto assembly lines. Simulation of existing layout
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makes operation simpler for design and increases productivity of planning engineer by using

‘Show Flow’ simulation software.

5.2. Recommendations for implementation

a. Give training to slowest machine operator.

b. Operator should be capable of performing all operation in cell.

c. Rotate jobs among operators to increase alertness.

d. Operators can share job tasks between work stations within cell to balance output as per
customer demand.

e. Use mechanical conveyors, gravity chutes, slides for movement of jobs from operation to
operation.

f. Shifting of cross trained operators within different cell as per demand from customers.

g. Instead of reducing the cycle time, decrease the no. of operators because decreasing cycle
time result in over production per shift.

h. Material movement within cell- for one piece flow i.e. no pending work between two
stations.

i. Provide guide ways for trolley on floor within cell for trolley movement & design trolley
as per width of guide way for all components.

Thus, it is concluded that, the design of a layout affects cell performance and thus should be

analysed before restructuring or establishing production/assembly line for productivity

improvement.

5.3 Issues for future research

The present system can be extended to take care of the following shortcoming;

1. Cell layout and intracellular movement issues can be considered for designing of
Cellular Manufacturing Systems.

2. Scheduling issues can be incorporated in design of CMS to bring additional savings in
time and money.

3. Still much scope exists for considering more design attributes and developing better
simulation layout.

4. More advanced material handling equipments can be used to reduce material travel time

within cell.
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