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ABSTRACT 

Since the beginning of industrial era, the concept of productivity plays an important role in 

the development of the industry. The concept of the productivity arises from the production 

system. When the system is at growing stage, the emphasis is not on the efficiency of the 

system. Neither employer nor employees have the idea about the effectiveness and output is 

not in accordance with inputs that’s why wastages are more and profits are less, but after the 

scientific management concepts people seems productivity conscious. 

The work is done in a medium scale industry to enhance productivity, calculate the overall 

equipment effectiveness and to analyze the current status of overall equipment effectiveness 

(OEE) on manufacturing cells and assesses current performance of the assembly line and 

identify the major opportunities for improvement in the short term. For that, the analysis is 

being done to identify where downtime is more and the causes responsible for productivity 

loss. When the analysis was done, there was lots of defects/downtime found in all three 

manufacturing cells under study. 

The main factor of setting downtime was found in calculation, which was responsible for the 

increase downtime. After defining problem we used Single minute of exchange (SMED) to 

reduce setting downtime. After implementation of SMED tools in assembly line we reduce 

setting downtime in Leak testing station. And this method was implemented all three cells 

with the help of SMED downtime reduced and productivity increased. Finally some 

suggestions were made to case company for improvement of OEE, productivity and lean 

manufacturing tools. 

Key words: Overall equipment effectiveness, productivity, TPM, Manufacturing 

performance, Single minute exchange of die. 

_________________________________________________________________________ 

 

INTRODUCTION 

Productivity is the term which represents the degree of effectiveness of industrial 

management in utilizing facilities for production. It can also be considered as a measure of 

what output of goods or services is produced for a given amount of input resources 

(manpower, money, material, machines and methods). (David, J. Sumanth, 1990) 

Lean Manufacturing technology is not just a management style or a way of producing better 

products. It is a production philosophy. You can also understand as the way of mapping the 

overall production process from raw materials to finished products all the way to the 

customers. It is called “Lean” because this technology, or a process, helps manufacturers to 

produce more with less time, inventory and fewer resources. 

mailto:asimtilkar@gmail.com
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Lean manufacturing defines the value of a product or a service with the customer’s point of 

view. Customers do not mind how hard manufacturer works or what is the technology used to 

create the product or service being sold to them. Customers will evaluate this product or the 

service by looking at how well it is going to fulfill their requirements. 

 This research aims for application of lean manufacturing concepts to the continuous 

production/process sector. After World war ll, Japanese manufacturers, particularly in the 

automotive industry were faced with dilemma of shortages of material, financial, and human 

resources. Eiji Toyoda and Taiiclii Ohno at the Toyota Motor Company in Japan pioneered 

the concept of the Toyota Production System or what is known today in the US as “Lean 

Manufacturing.” The basic idea behind the system is to eliminate waste. Waste is defined as 

anything that does not add value to the end product from the customer’s perspective. The 

primary objective of lean manufacturing is facilitating manufacturers who have a desire to 

prove their company’s operations and become more competitive through the implementation 

of different lean manufacturing tools and techniques. (Abdullah Fawaz, 2003) 

This project starts with the concept of lean manufacturing, improve productivity and 

remove waste and reduced downtime. In this research focus mostly on 5S system and 

improve Overall equipment effectiveness (OEE) approach, which are the most common 

methods to improving productivity as well as standardization. These methods also add to the 

successful implementation of lean manufacturing. 

 

LITERATURE REVIEW 

TPM stands for “Total productive maintenance” and builds a close relationship 

between maintenance and productivity.TPM is practical technique aimed at maximizing the 

effectiveness of facility that we use within our organization. TPM establishes a system of 

productive maintenance, covering the entire life cycle of equipment, covers all departments, 

involves participation of all employees from top to bottom and promotes small group 

autonomous activities. Increased global competition has augmented the importance of total 

productive maintenance in obtaining and maintaining a competitive advantage. (Roberts, J) 

More and more organizations are seeking proactive tools such as TPM to enhance their 

competitive position. TPM represents a potential source of improvement for an 

organization and a possible next step for extending the benefits of the TQM concept. It 

involves the whole organization and when implemented effectively benefits all sections of 

the business through improved efficiency and better overall performance. In the highly 

competitive environment, to be successful and achieve world-class-manufacturing, 

organizations must possess both efficient maintenance and effective manufacturing 

strategies. (Ahuja, I.P.S, Khamba, J.S. 2007) 

Purpose of OEE  

The basic measure associated with Total Productive Maintenance (TPM) is the OEE.  

 Firstly, the OEE measure can be used as a benchmark for measuring the initial 

performance of a manufacturing plant in its entirety. In this measure, the initial OEE 

measure can be compared with the future OEE values, thus quantifying the level of 

improvement made. (Singh,V.K) 

 Secondly, an OEE value, calculated for one manufacturing line performance across the 

factory, thereby highlighting any poor line performance. 

 Thirdly, if machines process work individually, an OEE measure can identify which 

machines performance is worst and therefore indicate where to focus TPM 

resources.(Nakajima,1989). Therefore we can say that, this OEE highlights the actual 

"Hidden capacity" in an organization. OEE is not an exclusive measure of how well the 

maintenance department works. The design and installation of equipment as well as how 
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it is operated and maintained affect the OEE. It measures both efficiency (doing things 

right) and effectiveness (doing the right things) with the equipment. It incorporates three 

basic indicators of equipment performance and reliability. Thus OEE is a function of the 

three factors mentioned below. (Venkatesh, J., (2007) 

1. Availability or uptime (downtime: planned and unplanned, tool change, tool service, 

job change etc.)  

2. Performance efficiency (actual vs. design capacity)   

3. Rate of quality output (Defects and rework)  

Thus 

OEE = Availability x Performance x Quality 

OEE (percentage) = A x PE x Q × 100  
 A - Availability of the machine. 

Availability is proportion of time machine is actually available out of time it should be 

available.  

Availability =   (Planned production time – unscheduled downtime) 

                                          Planned production time  
 

Production time = Planned production time – Downtime  

Gross available hours for production include 365 days per year, 24 hours per day, and 7 days 

per week. However this is an ideal condition. Planned downtime includes vacation, holidays, 

and not enough loads. Availability losses include equipment failures and changeovers 

indicating situations when the line is not running although it is expected to run. 

PE - Performance Efficiency. The second category of OEE is performance. The formula can 

be expressed in this way:  

Performance (Speed) = (Cycle time x Number of products processed) 

                                                                 Production time 
 

Net production time is the time during which the products are actually produced. Speed 

losses, small stops, idling, and empty positions in the line indicate that the line is running, but 

it is not providing the quantity it should.  

Q - Refers to quality rate. What is the percentage of good parts out of total produced? It is 

sometimes called “yield”. Quality losses refer to the situation when the line is producing, but 

there are quality losses due to in-progress production and warm up rejects. We can express a 

formula for quality like this:  

Quality (Yield) = (Number of products processed – Number of products rejected) 

 (Number of products processed)  

Overall Equipment Effectiveness (OEE) is an analysis of a manufacturer’s efficiency and 

productivity, the results of which are displayed in a hierarchy of metrics. Formulated in the 

1960s by Seiichi Nakajima, OEE is now globally recognized as a best practice measure and 

key performance indicator in a range of manufacturing industries – from pharmaceuticals to 

the automotive industry. As a manufacturer improves its OEE score, it benefits from higher 

profitability and lower manufacturing costs. (Cornelius, J. (1999) 

OEE is a holistic KPI and delivers a score. It measures what could have been made – should 

every piece of equipment have operated effectively – against what actually has been 

produced, providing the result as a percentage. The higher the percentage, the better the 

facility has performed. An OEE score of 100% represents perfect production: manufacturing 

only good parts, as fast as possible, with no down time. 

So as a benchmark, what is considered a “good” OEE score? (Ncube, M., (2006) 

http://www.matthews.com.au/Resource-Library/Whitepapers/WP-Download-Forms/Overall-Equipment-Effectiveness-OEE-
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 An OEE score of 100% is perfect production: manufacturing only good parts, as fast 

as possible, with no down time. 

 An OEE score of 85% is considered world class for discrete manufacturers. For many 

companies, it is a suitable long-term goal. 

 An OEE score of 60% is fairly typical for discrete manufacturers, but indicates there 

is substantial room for improvement. 

 An OEE score of 40% is not at all uncommon for manufacturing companies that are 

just starting to track and improve their manufacturing performance. It is a low score 

and in most cases can be easily improved through straightforward measures (e.g. by 

tracking down time reasons and addressing the largest sources of down time – one at a 

time). 

 
Fig 1 OEE benchmark 

OEE and Six Major Losses 

Chronic and sporadic disturbance in the manufacturing process results in different kind of 

waste or losses. These can be defined as activities which absorb resources and create no 

value. The objective of OEE is to identify these losses. It is a bottom-up approach where an 

integrated workforce strives to achieve overall equipment effectiveness by eliminating the six 

big losses. (Nakajima,1980) 

These six big losses are grouped into three major categories: 

 Downtime losses 

 Speed losses 

 Defects losses 

Table 1   Six big losses 

Six major losses that can result from faulty equipment or operation  

S.No.  Loss Category  Costs to Organization  

1  Unexpected 

breakdown losses  

Results in equipment downtime for repairs. Costs can include downtime (and lost 

production opportunity or yields), labor, and spare parts.  

2  Set-up and 

adjustment losses  

Results in lost production opportunity (yields) that occurs during product 
changeovers, shift change or other changes in operating conditions.  

3  Idling and 

Stoppage losses  

Results in frequent production downtime and that difficult to record manually. As 

a result, these losses are usually hidden from efficiency reports and are built into 

machine capabilities but can cause substantial equipment downtime and lost 

production opportunity.  

4  Speed losses  Results in productivity losses when equipment must be slowed down to prevent 

quality defects or minor stoppages. In most cases, this loss is not recorded 
because the equipment continues to operate.  
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RESEARCH METHODOLOGY 

The present study is based on case-study approach. The company chosen is one of the leading 

companies of central India, the details for which are discussed below. 

Case study 

Analyzes the current status of OEE on manufacturing cells, Assesses current performance of 

the assembly line and identify the major opportunities for improvement in the short term. 

Objective:  

The main purpose of this study is to enhance the productivity of each cell. This can be done 

by measuring actual performance and compare it with indicated performance for each cells. 

By doing these, we can determine the root causes of performance lag and improve them for 

performance enhancement. 

To calculate OEE and downtime time each manufacturing cell and every shift and after 

analysis optimum use of a lean manufacturing tools and improved productivity. 

In the given company manufacturing cells downtime was categorized into the following eight 

types: 

1. Setting 

2. Tooling 

3. Material 

4. Power 

5. Piston rod 

6. Maintenance 

7. Miscellaneous 

8. Process 

After categorizing downtime then we started data collecting and data analysis and calculated 

actual monthly OEE, We start from month of January, February and March 2012 and 

calculated OEE with the help of OEE formula discussed in above. Calculations were done in 

Microsoft excel sheet. 

Table 2 Three months total downtime & OEE Performance both shift, all three cells. 

 

NB CELL B CELL E CELL 

Jan-12 Feb-12 
March-

12 
Jan-12 Feb-12 

March-

12 
Jan-12 Feb-12 

March-

12 

Available 
Time 

21890 21695 22830 22000 22000 22655 22830 22655 22880 

Utilized time 18054 17375 18380 18060 17360 18350 18380 18350 18630 

Availability 0.82 0.801 0.81 0.82 0.79 0.81 0.81 0.81 0.81 

Performance 0.84 0.878 0.87 0.82 0.87 0.92 0.87 0.92 0.90 

Quality 0.999 0.999 0.998 0.999 0.999 0.999 1 1 1.00 

OEE 0.69 0.7 0.70 0.67 0.68 0.75 0.7 0.75 0.73 

          
Setting 1525 1485 1710 1750 1500 1425 1710 1425 1585 

Tooling 135 585 180 175 505  225 180 225 150 

Material 785 595 485 500 705 385 485 385 490 

Power 25 35 130 10 15 130 130 130 120 

P.ROD 1 0 0 0 70 0 0 0 0 

Maintenance 555 520 280 515 265 370 280 370 415 

5  Quality defect & 

Rework losses  

Results in low standard production and defects due to equipment malfunction or 

poor performance, leading to output which must be reworked or scrapped as 

waste.  

6  Equipment and 

capital 

investment losses  

Results in wear and tear on equipment that reduces its durability and productive 

life span, leading to more frequent capital investment in replacement equipment.  
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Misc. 430 480 1275 605 780 1110 1275 1110 935 

Process 380 620 390 385 800 660 390 660 555 

Total 3836 4320 4450 3940 4640 4305 4450 4305 4250 

No of shift 49.75 49.3 52 50 50 51 52 51 52 

Cycle time 10 10 10 10 10 10 10 10 16 

Actual  

Production 
90128 87942 96397 86377 87311 101608 96397 101608 62654 

No of set up 74 69 87 89 70 77 87 77 77 

Time/Set up 

Change 
20.60811 21.5 20 19.7 21 19 20 18.5 21 

Rework 14 22 5 20 16 17 0 0 10 

Rejection 39 68 140 59 77 63 0 0 68 

Std 

Production 
107165 100160 110280 105662 100694 110100 110280 110100 69863 

 

Table 3 Total Monthly downtime and OEE- NB, B and E Cell 

  Jan-12 Feb-12 Mar-12 

Standard Production 276528 273215 290243 

Actual Production 219470 231480 260659 

No of set up 193 227 241 

Time/Set up 24.68 21.93 20 

Rework 53 36 42 

Rejection 149 136 285 

Downtime 12963 12500 13005 

Available time 85293 66000 68365 

Utilized time 72330 53500 55360 

Availability 0.848 0.8106 0.81 

Quality 0.9984 0.9987 0.998 

Performance 0.7937 0.8472 0.90 

OEE 0.672 0.6859 0.73 

        

Setting 4765 4980 4720 

Tooling 815 780 555 

Material 1950 1815 1360 

Power 95 50 380 

Piston rod 1 70 0 

Maintenance 1300 1005 1065 

Miscellaneous  1390 1865 3320 

Process 1775 1935 1605 

Total 12963 12500 13005 

 

Analysis of downtime causes  

In the production we found many causes for increase downtime. Obtaining data from 

productivity log book and personal supervision.  

 

1.Material delay form store department. 2.Non availability of material in assembly 

line. 
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3.Two to three times setting change in every 

shift. 

4.Process and quality checks delay. 

8. Material mixed or shortage in assembly 

line. 

9.Piston rod shortage from piston rod cells. 

10.Defective or rejected material in assembly 

line. 

11.Workers Meeting. 

5.Ac power supply cutoff. 

6.Maintenance activity and routine 

maintenance. 

7.Special/heavy part was made. This is a 

slow moving part in assembly line. 

12.Sudden breakdown occurs. 

13.Poorly documented machine settings 

leading to slow start-ups after changeovers. 

14.Equipment failures on line causing 

unplanned downtime. 

Analysis of calculated data and define problem  

The compiled data were summarized in table and discussed below: 

1. We found in the table 2, 3 are shown setting downtime time is high. 

2. Table 2, 3 shows the standard production is too more than the actual production. That 

means high output loss, decrease productivity; more improvement can be done in 

future. 

Table 4 Standard monthly production v/s actual monthly production 

 

  Jan-12 Feb-12 Mar-12   Jan-12 Feb-12 Mar-12 

Standard 

Production 
276528 273215 290243 

Percentage of actual machine 

production utilization 
79.37 84.72 89.81 

Actual 

Production 
219470 231480 260659 

Percentage of actual machine 

production loss 
20.63 15.28 10.19 

 

3. Table 2, 3 shows that average one setting time is 22 minutes this is not according to 

the SMED tools its means improvement can be done in future. 

4. Table 2, 3 shows that average downtime in month all cells is 12882 minutes this is 

unproductive time so we minimize as low as possible. 

5. Table 2, 3 shows that average monthly OEE is 69 percentage its mean not according 

to world class OEE, it can be improve in future. 

6. Table 2, 3 shows that OEE is slightly increased each month because of March 

financial year ending closing due to work force and target commitment, so it means 

that it can be done any month without work force and target commitment. 

SUGGESTIONS AND FUTURE SCOPE 

Profitability or the performance of an industry not only depends upon its finished products, 

but it also depends on how well the company, as a whole, is managed. Following are some of 

the suggestions given to the case company: 

 To reduce the down time set the goals. 

 Implement improved preventative maintenance processes that eliminated variability in 

machine settings resulting in defective product. 

 Improve process controls that would prevent defective products being produced 

across all products within the family. 

 Equipment modifications should be done that would prevent defect generation. 

 Raise the level of process understanding and capability within the technical 

Resources. 

 The operators do not know how to set up the machine. So give proper training. 
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 The maintenance staff is not able to maintain the machine or set it up correctly. So 

give proper training. 

 There should be neat and tidy environment inside the company so that the work place 

looks clean. Also equipments and tools must keep in order for the work convenience. 

 All materials should be placed at eye level. 

 Materials should be supplied on line in every two hours 

 Proper separation of local and warehouse components. 

 Best Plant layout should be used ,in which the : 

 Material and parts should be kept at fixed and proper place with their name. 

So that there won’t be any confusion. 

 Easy to reach. 

 Less movement, Hence less fatigue. 

 No congestion, hence no chance of inconvenience. 

 Having several special Pockets to keep important tools. 

 I have noticed several times that most of the worker spent the time either in 

searching the proper tool or waiting to receive from other workstation. As a 

result the downtime time is increased. 

 As soon as they complete the tightening of the nut and bolt, they throw the gun and 

tool from standing position .This is very big problem. This may reduce the improper 

in handling and searching the tools. 

 Some Identification Mark should be provided in the frame-work, So that there won’t 

be confusion in fresher operator. So he will not spend his time to search the place to 

set the part or to ask from others. 

 The authors found lack of motivation and proper training to the operator, which could 

lead a great loss in upcoming in future. Hence proper motivation, guidance, 

instruction and training should be given to them. 

CONCLUSIONS 

The lean manufacturing, SMED, OEE, TPM, etc have vital importance for any organization 

because these directly affect the productivity, overall operating cost, down time or in other 

word the overall plant performance. After the data analysis we implemented SMED tool and 

reduced the downtime and also gave some suggestions to the case company. 

During the project the author was able to minutely observe the importance of proper layouts, 

5s, Lean manufacturing, SMED, TPM, proper storage parts and importance of well organized 

workplace, how to standardizing the things, reduces excess effort of operator and reduces 

stress. It has been observed that even small things contribute to the successful working of 

industry and if we utilize the available resources properly we can get the best out of them. 

Also, reduction of any wastage can be very profitable to any company. 
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