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Abstract—In light of the intense competition, companies 

aim  to sustain or increase  their market share, which is 

proportional to their size and capacity by eliminating 

wastes and losses in manufacturing process. The wastes and 

losses are due to equipment’s failure or underperformance , 

operators and maintenance personnel practices and  

executed maintenance and operation programs. Thus, a 

holistic approach should be adopted to eliminate these 

losses and wastes . This approach is called  total productive 

maintenance “TPM” that initiate a program  empowering 

all worker  to strive to  achieve  perfect production  with  no 

losses and wastes. The implementation of total productive 

maintenance would lead to elimination of wastes and losses 

by improvement in performance , quality , cost reduction 

and high morale of the workers. The aim of the paper  

based on descriptive method is to show the  potential of 

total productive maintenance implementation in 

elimination of wastes and losses. The analysis of gathered 

information and data showed the wastes and losses can be 

eliminate by implementation of “TPM” pillars and 

foundation through involvement and empowerment of all 

people in company and blurring the distinction between the 

role of operation and maintenance. Also , the analysis of 

previous case studies showed enhancement in  Overall 

Equipment Effectiveness “OEE” which reflects 

improvement in equipment effectiveness by implementation 

of TPM.   
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I. INTRODUCTION  

Losses and wastes occur in the manufacturing shop 
floor. They  are due to operators, maintenance personnel, 
process, tooling problems and unavailability of 
components in time etc. Other forms of waste include idle 
machines ,idle manpower, break down the machine, 
rejected parts etc. are all examples of waste [1]. In 
addition , there are other invisible losses such as operating 
the machine below the rate speed, startup losses and the 
bottleneck in the process. Losses and wastes in 
manufacturing process means reduction in quality in term 
of time lost in producing defective items and material , 
earning the reputation of company losses,  , performance , 
availability and productivity and consequently a lower 
value of the overall equipment effectiveness .  Nowadays 
, companies aims a eliminating the waste and losses by 
implementing a holistic approach  which known as the 
total productive maintenance to improve productivity , 
quality and boosting the moral of employees and their job 
satisfaction. TPM is an innovative approach to 
maintenance that optimizes equipment effectiveness, 

eliminates breakdowns, and promotes autonomous 
operator maintenance through day-to-day activities 
involving the total workforce. The aim of this paper to 
illustrate the potential role of the total productive 
maintenance in eliminating the wastes and losses in 
manufacturing process. 

II. RESEARCH PROBLEM 

The wastes and losses that occur in industrial 
establishments represent an impediment to these facilities 
in improving or maintaining their current position in the 
market and in some cases, the survival of these facilities 
is at stake. The losses are generated from low product 
quality , poor equipment performance and low equipment 
availability. 

III. RESEARCH OBJECTIVES 

The research paper aims at illustrating the potential 
role of total productive maintenance in eliminating the 
losses by specify : 

 The pillars which responsible for the  
elimination of the losses . 

 The measures and action that should be taken to 
eliminate the losses. 

IV. TPM GENERAL ASPECT 

A. TPMConceptandSturcture 

The total productive maintenance which considered as 
the medical science of the machine stand for: Total is 
total employee involvement , productive is Eliminate or 
minimize breakdown during  production , maintenance is 
complete a preventive maintenance program. TPM is a 
program that “addresses equipment maintenance through 
a comprehensive productive-maintenance delivery system 
covering the entire life of the equipment and involving all 
employees from production and maintenance personnel to 
top management [2]. TPM is a methodology and 
philosophy of strategic equipment management focused 
on the goal of building product quality by maximizing 
equipment effectiveness. It embraces the concept of 
continuous improvement and total participation by all 
employees and by all departments [3]. It aims at keeping 
the equipment in a condition to produce at maximum 
capacity by eliminating production losses due the 
equipment condition.  This will lead to good quality 
product with zero breakdown ,zero downtime and  no 
failure or losses of efficiency and production attributed to 
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poor equipment condition. The total productive 
maintenance consists of eight pillar and foundation that 
are shown in Figure (1). 

 

Fig 1. Thepillars and foundation of TPM [4]        

TPM  Fundation  

TPM foundation which known as 5S aims at creating 
a work environment that is clean and well organized. Also 
,planned maintenance starts with 5S. Problems cannot be 
clearly seen when the work place is unorganized. 
Cleaning and organizing the workplace helps the team to 
uncover problems. Making problems visible is the first 
step of improvement. 5S consists of five element :  

 Sorting and organizing the items as critical, 
important, frequently used items. Critical 
items should be kept nearby and the other 
items should be kept in other places. For this 
step, the worth of the item should be decided 
based on utility not cost. Because of this 
step, the search time reduced 

 Set in order means each item has only one 
place and should be place back at the same 
position after use. And should be Labelled so 
that they are easy to find and put away. 
Vertical racks are used where the heavy 
items occupy the bottom position in the 
racks. 

 Shine which involve the cleaning of the work 
place from oil , grease , free of deburrs, scrap 
and so on. 

 Standardization means  create methods and 
practices to maintain Sort, Set in Order ,and 
Shine on an ongoing and continuously 
improving manner. 

 Sustain means Make 5S an integral part of 
standard operating procedure.  

If this 5S is not taken up seriously, then it leads to 5D. 
that are Delays, Defects, Dissatisfied customers, declining 
profits and Demoralized employees. Figure (2) and 
Figure(3) shows the different that the implementation of 
5S makes. 

B. Autonomous Maintenance  

The Autonomous maintenance aim at developing the 

operator to undertake some routine maintenance tasks   

thus, freeing up the maintenance personnel to make more 

advanced technical work. The tasks that the operators 

undertake are cleaning and inspection, oiling  , greasing 

and tightening. The philosophy of autonomous 

maintenance is shown in Figure(4). The role of cleaning 

is shown in Figure(5). And  the goals of the autonomous 

is shown in Figure (6). 

 

Fig 2  . Before the implementation of 5S [1 ] 

 

Fig 3. After the implementayion of the 5S [1 ] 

 

 
Fig 4. The Autonomous Maintenance philosophy 

 

 
 

Fig 5. The role of cleaning [5] 
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Abnormality is a  condition of  a machine which is not in 

its best  condition and that lead to potential breakdown of 

the machine and the generation of the defect. The types 

of abnormalities are:  

 Minors flaws. 

 Unfulfilled basic condition. 

 Hard to access area 

 Sources of contaminations. 

 Sources of quality defects. 

 Unnecessary and non- urgent items 

 Unsafe places 

 

Fig 6. The goal of Automonous Maintenance 

 

The operators are responsible for upkeep of their 

equipment to prevent it from deteriorating. Autonomous 

maintenance includes any activity performed by the 

production department that has a maintenance function 

and is intended to keep the plant operating efficiently and 

stable in order to meet production plans [6].Autonomous 

maintenance is closely linked with focused improvement 

in that both support equipment restoration and sustaining 

basic equipment conditions [7]. 

C. Focussed Improved  

Focused improvement includes all activities that 
maximize the overall effectiveness of equipment, 
processes, and plants through uncompromising 
elimination of losses [8]. It includes identification, 
quantification and elimination of losses that affect 
productivity, quality, performance, so on. The drive 
concept behind  Focused Improvement is Zero Losses. 
“Maximizing equipment effectiveness requires the 
complete elimination of failures, defects, and other 
negative phenomena , in other words, the wastes and 
losses incurred in equipment operation [9]. The Overall 
Equipment Effectiveness “OEE” is a key metric of 
focused improvement. Focused improvement includes 
three basic improvement activities. First, the equipment is 
restored to its optimal condition. Then equipment 
productivity loss modes (causal factors) are determined 
and eliminated. Third, the learning that gained during 
restoration and loss elimination will provide the TPM 
program  will a definition of optimal equipment condition 
that will be maintained (and improved) through the life of 
the equipment. 

D. Planned  Maintenance  

The objective of Planned Maintenance is to “establish and 
maintain optimal equipment and process conditions 

[10].Also , Planned maintenances are needed for 
maximizing the equipment efficiency and by this 
producing defect free product. Devising a planned 
maintenance system means raising output  with no 
failures, no defects and improving the quality of 
maintenance technicians by increasing plant availability. 
Like Focused Improvement, Planned Maintenance 
supports the concept of zero failures. “Planned 
maintenance activities put a priority on the realization of 
zero failures. The aim of TPM activities is to reinforce 
corporate structures by eliminating all losses through the 
attainment of zero defects, zero failures, and zero 
accidents. Because failures directly lead to defective 
products and a lower equipment  performance.  which in 
turn becomes a major factor for accidents [10].  

E. Quality Maintenance  

Quality maintenance, in a nutshell, is establishment of 
conditions that will preclude the occurrence of defects 
and control of such conditions to reduce defects to zero 
[915].  The key concept of Quality Maintenance is that it 
focuses on preventive action ‘before it happens “cause 
oriented approach “  rather than reactive measures ‘after it 
happens’. Focus is on eliminating non-conformances in a 
systematic manner, much like Focused Improvement. We 
gain  the needed understanding of what parts of the 
equipment affect product quality and begin to eliminate 
current quality concerns, and then move to potential 
quality concerns. Transition is from reactive to proactive. 

F. Training and Education 

It aimed toward developing multi-skill employees 
whose morale is high and eager to come to work and 
perform all required function effectively. In this an 
operator is educate as per required. So that he will be 
able to solve the problem. 

G. Office TPM 

It should be started after its successful activating of four 
core pillar of TPM . it  is responsible to manage the 
deployment of the TPM program and plays a central role 
in  ensuring that  small group activities ’s evolve actively. 
. Also , It is responsible for keeping the TPM program on  
progress towards increasing in the office automation. 

H. Safety, Health and Environment  

 In this area the focus is on how to create a safe 

workplace and a surrounding area that is not damaged by 

our process or procedures. This pillar will play an active 

role in each of the other pillars on a regular basis.  

I. Early Equipment Management   

  Early Equipment  Management is a management where 

the equipment design department works with the 

operating and maintenance departments throughout the 

period from conceptual equipment planning to volume-

production startup to forestall losses due to initial 

equipment problems, while striving for optimal 

equipment design that correctly balances initial cost and 

running cost.  

V. LOSSES IN TOTAL PRODUCTIVE MAINTENANCE  

The losses are divided into 16 categories and grouped to 

A. Equipment Losses  
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 Breakdown losses : The equipment breaks 
down causing the line or process to stop. 
Which caused by equipment component 
failure.  

 Set up & adjustment loss: The losses occur 
during a changeover between products. The 
setup loss is the time taken between  to 
change over  from the last part production 
run to first good part. 

 Cutting blade replacement loss: The time 
loss during swapping any consumable 
tooling item when it has become 
worn/ineffective or damaged. 

 Start-up loss: The loss incurred during 
starting up  of the equipment, to get to 
steady state operating conditions, after 
planned or unplanned shutdown. 

 Minor stoppage & idling loss: These are 
typically small stoppages not recorded as 
breakdowns causing the machine to pause or 
idle for short periods. They are often called 
chronic losses. 

 Speed reduction losses : This losses occurs 
from operating at a speed less than the 
design speed. 

 Defect & rework losses : They are   due to 
defective product. 

 Shutdown losses : The loss incurred by 
deliberately shutting down the equipment 
within the production plan. 

B. Manpower Losses 

 Management Losses: They are  the waiting 
time losses generated by management 
problems. 

 Motion Losses: they are occurred due to 
unnecessary/excessive operator movement 
and transportation, as a result of poor layout 
and work organization.  

 Distribution Losses:  they are the wasted 
time that is experienced in the incorrect or 
inefficient delivery of raw materials, 
packaging or products to and from the 
factory or the production line.  

 Measurement and Adjustment Loss: This 
loss is caused by the frequent measurement 
and adjustment to prevent the recurrence of 
problems. 

 Line Organization Losses:  these losses 
results  from a shortage of the operators in 
line and operator having to work  on more 
equipment than originally planned. 

C. Yield, Energy & Tooling Loss 

Yield losses : they are the total losses between the input 
of raw material and output of the finished products. 

 Energy Losses : Energy loss is the input 
energy which cannot be used effectively for 
processing  

 Die , Tool and Jig Losses: It  is the cost of 
the physical consumption of the spare parts 
or the  maintenance of items that are used on 
the line. 

D. Type of Losses  

The types of losses that occur in equipment are:: 

 Sporadic losses that are visible and  sudden 

outbreaks that go beyond the range. 

 Chronic losses which are less visible and 
occur repeatedly within a certain range. 

The difference between visible and less visible losses 
are shown in figure (7). 

 

Fig 7 . The  Type of Losses 

 

VI.  OEE AND SIX MAJOR LOSSES  

The losses are divided into six major categories, 
which affect the overall performance of the equipment 
are: 

 Equipment failures/breakdown losses 

 Set-up and adjustment losses 

 Idling and minor stop losses 

 Reduced speed losses 

 Reduced yield losses 

 Quality defects and reworks 

The first two losses are used to calculated the 
availability of the equipment . And , the third and the 
fourth are used to calculated the performance rate. The 
quality rate is calculated from the last two  losses. OEE is 
measured in terms of these six losses, which are function 
of availability, performance rate and quality rate of the 
machine, production line or factory. The overall 
performance of equipment’s can be enhanced by 
identifying and eliminating the root causes. OEE is used 
as a tool to measure the effectiveness of equipment’s to 
know the current condition. It helps to identify the areas 
of improvement required in terms of availability, 
performance efficiency and quality rate of products . The 
role of assessment of the process is shown in Figure (8).  
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Fig  8. The role of OEE  [11] 

VII. ELIMINATING THE LOSSES   

A-.  Eliminating The break down losses 

  There are five requirement for the zero break down: 

 Maintain basic equipment conditions: cleaning 

,lubricating, and inspecting. 

 Adhere to operating conditions 

 Restore deterioration 

 Correct design weaknesses 

 Improve operator and maintenance skills 

B-.  Eliminating The break down losses  by operation 

 Maintain basic equipment conditions: cleaning, 

lubrication, adjustments. 

 Maintain operating conditions: proper operation 

and visual inspection. 

 Discover deterioration through visual inspection 

to identify abnormalities 

 Enhance skills such as equipment operation, 

setup, adjustment, and visual inspection. 

C-.Eliminating The break down losses  by Maintenance 

 Provide technical support for production 

departments 

 Restore deterioration using inspections, 

condition monitoring, and overhaul. 

 Clarify operating standards by identifying 

design weaknesses and making appropriate 

improvements. 

 Enhance maintenance skills for checkups, 

condition monitoring, inspections, and 

overhauls. 

D-.Eliminating Setup and Adjustment Losses 

 Eliminate adjustments, where possible 

 Improve unavoidable adjustments 

E-. Eliminating Setup and Adjustment Losses 

 Correct minor defects 

 Apply basic principles of shop floor operations 

 Identify optimal conditions. 

 Investigate design weaknesses. 

F-. Eliminating Chronic Quality Defects 

 Restore the equipment to as new condition  

 Address the cause not the Symptoms. 

VIII. ANALYSIS OF THE PREVOUS STUDIES 

The aim of analysis of finding of the previous study 

cases is to illustrated  the improvement in the equipment 

effectiveness which reflected by enhancing in the Overall 

Equipment Effectiveness. The analysis is done by 

comparing the  values of OEE before and after the 

implementation. 

A. Case Study#1 

  Total productive maintenance  was implemented in 

Naminath Engg. Pvt. Ltd in India. The company is a 

leading manufacturer of precision turned & cold forging 

components, automobile spare parts. The company 

suffered from the following before the implementation: 

 The cleaning of the machine is carried out 

during the production time which account for a 

production delay. 

 Time loss during the change over from one job 

to anther which  account for setup losses. 

 Lack of planned maintenance which account for 

performance losses. 

 Break down due to lack cleaning and lubrication 

which account for availability losses. 

  Table (1)  shows the values for the Overall Equipment 

effectiveness and other parameters for the company 

before and after the implementation  (12). 

 
TABLE 1. VALUES BEFORE AND AFTER IMPLEMENTATION.  

 
Sr.  
No 

 Parameters  
TPM Implementation  

 

Improvement  
(%) 

Before  After  

1 Availability 48.46 93.69 93.1% 

2 performance 79.22 88.29 11.45% 

3 Quality  99.52 99.90 0.38% 

4 OEE 38.21 82.64 116.3% 

 

It can be seen from table (1) , the OEE is enhanced by 

116.3%   as results of improvement in availability and 

quality by 93.1% and 11.45% respectfully. Whereas the 

improvement in quality is 0.38% because it was high 

even before the implementation of TPM. 

B. Case Study#2 

TPM was implemented in leading supplier of critical 

assembly spares for diesel and electric locomotive [13]. 

The management  noticed increase in maintenance cost 

between 20- 30%  and the cost of the emergency repairs 

are three time the cost of the planned repairs. The  
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production and maintenance data were collected  two 

years before the implementation and during the first two 

year of implementation.  The results of implementation is 

shown in table (2). 
 

 TABLE 2. THE RESULTS OF TPM IMPLEMENTATION[14] 

 
Sr.  
No 

 Parameters  
TPM Implementation 

           (%)       

 

Improvement  
(%) 

Before  After  

1 Availability 64.2 81 26.47 

2 performance 81 89 9.87 

3 Quality  75 95 26,6 

4 OEE 39  69 76.9 

 

  It can be seen from table (2) , the OEE  is increased 

from 39% to 69% which account for improvement of 

76.9%.  This improvement is due to improvement in 

availability, performance and quality. 

 

IX. CONCLUSION 

 The paper showed the role of the foundation and 
the pillars of the total productive maintenance in 
eliminating the losses by the involvement and 
empowerment of all people in the organization 
through: 

- Preventing forced deterioration by identifying 
and eliminating the abnormalities by proper 
counter measures by operators and 
maintenance personnel. 

- Providing a clean and organized work place  
that reduce the searching time and eliminate 
the unwanted items and boosting the moral of 
the workers 

- Improving quality and performance of the 
equipment  by eliminating the chronic losses. 

- An early intervention of the operators prevent 
a lot of problems  that generate losses. 

- Achieving  zero breakdown and zero defect 
by restoring the equipment to basic condition.  

- Producing  free defects products by dealing  

with the problems that  have impact on quality 

and improve the skills of worker by training. 

 Total productive maintenance blurs the 
distinction between the role operation and 
maintenance.  

 The successful  implementation of the TPM will 
enhance the position of company in the market. 

 Analysis of previous studies showed  
enhancement in OEE  by TPM  implementation 
which reflects in  improvement in equipment 
effectiveness  

X. RECOMMANDATIONS 

 The TPM should be implemented as approach to 
eliminate the losses instead of continuation with 
the tradition approaches.    

 To ensure a successful implementation , all 
resources should be provided.   

 5S should be implemented in proper way to 
avoid 5D. 
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