
 
 

Productivity Improvement 
-Application of TPM and layout design 

 
 
 

By 
 

Md. Mosharraf Hossain 
 

December, 2010 
Master thesis report from 

Royal Institute of Technology 
Production Engineering and management 

SE-100 44, Stockholm, Sweden 
 



 

Production Engineering and Management, KTH 
 

                           
Page - ii-
  

ABSTRACT 
 

In this thesis, with a discussion on concepts and principles of total productive maintenance 

(TPM), overall equipment effectiveness (OEE), efficient layout design, maintenance activities 

and scope of development, a detailed report is provided on real scenario of a drilling pipes and 

accessory manufacturing factory Driconeq Production AB, Sweden. Total Productive 

Maintenance (TPM) is a maintenance program which involves a newly defined concept for 

maintaining plants and equipment. That is why, TPM pillars, improvement plan and 

implementation routes are described with example of real facilities so that the company will be 

able to implement those tools and tactics by following step-by-step procedures. 

 Calculating the overall equipment effectiveness (OEE) rate is a crucial element of any serious 

commitment to reduce equipment- and process-related wastes through total productive 

maintenance (TPM). Clear picture of big losses are easily identified by using OEE and the big 

losses can be eliminated by small modification or change.  

Effective layout design reduces number of intercellular movement or inter-machine movement. 

This movement has direct impact on material handling time and cost. In this master thesis, the 

cell formation and layout design are considered simultaneously.  The objective of cell design is 

to make use of the valuable information about the flow patterns for the various jobs in a 

manufacturing system and obtain relevant performance measures for the cell design and layout 

problem.  

It is observed that the condition can be improved with a change in the existing design. Therefore, 

some necessary changes were recommended and the machine jigs/fixtures were re-designed. 

This paper later demonstrates the design and modification of small parts which can protect from 

big time losses. 

The author also prescribed some maintenance activities for asset care and a training manual 
checklist for all the employees to make efficient and safe working environment. At last, of all, in 
this thesis, author stressed on standard work practice to achieve world class performance and 
utilization of hidden capacity. 
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1.1 Introduction  
The companies in the challenging world are trying to improve their productivity and best 
utilization of their resources without increasing the sale price of their products. This can 
only be done by minimizing the manufacturing cost of the products by reducing losses 
during production and efficient flow of materials within the factory. Reduction in 
manufacturing losses and short production time can increase flexibility and quick 
response to customer order as well as customized products.  
 
The main focus of the master thesis is productivity improvement at Driconeq Production 
AB, Swedish manufacturing company by the application of Total Productive 
Maintenance (TPM), effective layout design and some small modifications. Firstly, the 
goal of TPM is to remarkably increase in production while, at the same time, increase 
employee morale and job satisfaction. The establishment of maintenance standard and 
policies will enhance the asset life and product quality. By maximizing the equipment 
effectiveness will ensure the availability, performance and efficiency. Secondly, effective 
layout will reduce the inter-cell movement which will lead to reduce of material handling 
cost. Finally, the focus of work center analysis will help to find out the scopes of 
improvement that will reduce time losses, increase the production capacity and try to 
minimize the gap between daily process and the ideal situation. 

1.2 Company at a glace  
DRICONEQ Production AB was founded in 1995. Factory is located in Sunne, 
Värmland, Sweden. Driconeq AB is a leading provider of drilling equipment covering the 
world in the following segments: Mining which includes Blast Holes & Exploration RC, 
Water Wells, Coal Bed Methane Gas, Geothermal, Construction and for all methods of 
drilling including DTH Hammer and Mud Drilling. This company also produces related 
equipment such as drill collars, drill bits, wrenches, fishing tools etc to provide a full 
package support [1]. 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure1.2: This picture shows the side view of DriconeqProdution AB, Sunne, Sweden 
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1.3 Products Introduction  
Driconeq production AB manufactures mainly three types of pipes and their accessories 
in wide rage of specifications. Those are Reverse circulation (RC), Down-The-Hole 
(DTH) and Horizontal directional drilling (HDD).  

1.3.1 Reverse Circulation (RC) drill pipe is a dual wall pipe used for uncontaminated, 
representative and continuous samples. It is also used to reduce air requirements and 
maintain up-hole velocity in larger diameter drilling applications. RC Inlet air passes 
between the inner tube and outer barrel. Cuttings are evacuated through the center tube. 

 
 
 
 
 
 
 
 
 
 
 
 
 
  
1.3.2 Horizontal Directional Drilling (HDD) is a steerable trenchless method of 
installing underground pipes, conduits and cables in a shallow arc along a prescribed bore 
path by using a surface launched drilling rig, with minimal impact on the surrounding 
area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure1.3.1: These pictures show the pipes, accessories and cyclone with dry splitter. 
These are used for Mineral Exploration or Flooded Reverse Circulation (RC) drilling 

Figure 1.3.2: 1st picture indicates HDD that is used for trenching and excavating. 2nd 
and 3rd pictures show fishing tools and different kind of wrenches which are used in 
case of pipe failure and tighten. 
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1.3.3 Down The Hole (DTH) drilling, the percussion mechanism – commonly called the 
hammer – is located directly behind the drill bit. The drill pipes transmit the necessary 
feed force and rotation to hammer and bit plus compressed air or fluids for the hammer 
and flushing of cuttings. The drill pipes are added to the drill string successively behind 
the hammer as the hole gets deeper. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

1.4 Drill pipes making 
Generally Driconeq produces box and pin in their workshop and then those are sent to 
hardening factory to increase the chemical and mechanical properties.  The get the final  
product (figure 1.4)after joining one harden box and one harden pin with seamless 
pipes.The joints are friction welded to achieve maximum strength, and the threads of the 
end-pieces are heat treated for optimum durability and strength of the thread profile. 

 
 
 
 
 
 
 
 
 
 
  
 
 

Figure 1.3.3: These pictures from the left show the DTH pipes, accessories and drill 
bits. These are used for Mineral Exploration or Flooded Reverse Circulation (RC) 
drilling  

Friction 
welding  Friction 

welding  

Pin  Seamless pipe  
+  +  

Final Product   

Box  

Figure 1.3.3: Drill pipes making process  
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1.5 Problem statement  
Time is more valuable than money because if the company is capable to produce goods 
within short time there is a chance to catch the market than their competitors and meet to 
customer demand just-in time. Therefore shorter lead time or throughput time is always 
good things for producer and customer. Due to the present growing situation of market, 
Driconeq Production AB is willing to do some research work in production floor to 
identify the potential scope of development and increase their production capacity. 
Production capacity can be increased by decreasing non-value added time and efficient 
products flow within the factory. 
  
1.6 Objective  
It is known to all that shorter lead time and zero losses will enhance the flexibility, 
quality and reduce the need for inventory buffers, as well as lower obsolescence risk. 
Since Driconeq Production AB team is committed to provide customer’s business a 
competitive edge, the main objective of the thesis is to reduce operation time and 
identification of hidden capacity for smooth operation that will deliver top quality 
products on time.  
 
1.7 Method  
There are many ways to improve productivity in a manufacturing industry. Today Total 
Productive Maintenance (TPM) is a maintenance program which involves a newly 
defined concept for maintaining plants and equipment.  

Moreover, the method of practical is visiting the factory, watching the production 
process, talking to the people, knowing the current situation in the factory, and then 
analyzing the practical barriers and scope of development in the manufacturing process.  

At the development method of theory, Total Productive Maintenance (TPM) is 
determined to solve the problems as guidance. CASE and Heuristic algorithms are 
employed to solve the higher inter-cellular movement which has direct impact on 
material handling cost. The great attention is paid to look at the way of doing activities, 
analysis of time data, and identification of possible causes of delay in production as well 
as management delay.  

Based on the literature research and practical analysis of work, try to find out where the 
problem it is, and then get conclusion and work out method of improvement derived from 
the total productive maintenance theory and its application. 
 
1.8 Organization of thesis  
The whole thesis is divided into six chapters. On the theory and analysis basis, discussion 
and conclusion are presented in each chapter. Different improvement methods and design 
of jigs and fixtures and possible scope of improvement are suggested based on the real 
scenario are presented in chapter five. Chapter one consist of introduction about the 
company profile with products, problem statement, objectives and methods. Layout 
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design using two algorithms is presented in chapter two. In chapter three, Total 
Productive Maintenance tools, implementation steps and improvement plan are 
described. Overall equipment effectiveness calculation procedures, benefits and results 
are inscribed in chapter four. The chapter six tells about the maintenance schedule with 
lubrication specification and location for three machines. Finally, some conclusions and 
further works are presented in the last chapter.  
 
1.9 Limitations  

A thesis work depends on number of factors and usually needs many resources to deliver 
its final result. A good thesis work is also based on clear and exact data or information 
source, and needs many practical works from which one can understand the whole picture 
of real situation.  

The analysis presented in the thesis based on data obtained April 2010 to August 2010. In 
this thesis, only a limited set of available data is considered for the layout design, though 
there are lots of product variations. In case of losses identification and scope of TPM 
application, only three machines are analyzed as a model so that the company will be able 
to implement rest of the machines. Due to available time it’s not possible to analyze all 
machines and data which may influence my conclusion. 
 
1.10 Reference 
[1] http://driconeq.se/ -June 10th 2010 
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2.1 Introduction  
Cellular manufacturing system (CMS) can be defined as an application of the group 
technology that allows decomposing a manufacturing system into subsystems to make it 
easier to manage than the entire manufacturing system. In such a system parts are 
grouped into part families and machines are assigned into machine cells. Part families are 
classified based on similar features like similar process plan or similar machine types 
needed for production. So a simple and unified processing is done on the family of parts 
inside the cells. Therefore, one of the important tasks in the design of a CMS is to 
identify similar parts (part families) and their associated machines (machine cells) which 
is known as cell formation problem (CFP). The CFP partitions a set of parts into distinct 
part families in such a way that the parts being in the same part family are similar in 
terms of geometry, production requirements, production flow, etc. A dedicated 
manufacturing cell is then considered for each part family which contains all the 
production requirements of the corresponding part family such as machines, tools, 
manpower, etc. It has been shown that CMS is a suitable solution to the problem of 
productivity in a batch production environment which is used in 50-75% of 
manufacturing systems worldwide [1]. The main idea in  CMS is the principle of similar 
things should be done similarly which means the similar manufacturing process and 
features should be indentified and grouped in dedicated manufacturing cells.  
 
Burbidge[2] defines group technology as: ‘approach to the organization of work in which 
the organizational units are relatively independent groups, each responsible for the 
production of a given family of products’. In this approach, the main goal is to form 
manufacturing groups in which, some machines are located in dedicated cells associated 
with some similar parts based on a machine-part incidence matrix. In each cell, some 
operations are done on the parts by machines, so that the main objective is to maximize 
the intra-cell operations, and to minimize the number of inter-cell movements. It is shown 
that the machine-part cell formation is a NP (Nondeterministic Polynomial time)- hard 
problem [3] 
 
Manufacturing system employing CMS can improve the productivity to a large extent. It 
has been found that CMS can increase the productivity of manufacturing system bye 
three major factors [4] 
 

• 15% improvement in quality of the work force 
• 25% increase in the availability of capital 
• 60% improvement in the production technology  

 
Superiority of CM over batch production is significant especially when the 
setup/operation ratio is high, demand is stable, one way intercellular flows and 
considerable material handling are considered.  
 
Though there are lots of algorithms but they don’t capture shop floor realities since they 
use binary data. 
 



 

Production Engineering and Management, KTH 
 
                                                                                                            

Page - 11 -
  

Methods based on binary MCIM (machine-component incident matrix) do not address 
the following issues: 
 

1. Sequence of manufacturing operations. The sequence of operation has an impact 
on the flow of material. An intermediate operation of a component performed 
outside its cell involves two inter-cell transfers while the first or last operation 
requires one such transfer. For the point of view of material handling, multiple 
operations are an external cell doesn’t matter, if they are consecutive.   

2. Non-consecutive operations on the same machine. In the binary MCIM approach, 
multiple visits by a component to the same machine is not considered  

3. Volume of inter-cell moves. Component quantities are generally processed in 
unequal volumes. A 1 outside the diagonal block can indicate more than one inter-
cell move depending on the type of operation and the volume of inter-cell moves 
leads to reduced material handling. 

4. Material handling cost. Material handling is dependent on the volume of inter-cell 
moves, component size and weight. Intra cell movement of material is generally 
faster than inter-cell movements. 

 
Different grouping solutions may be proposed for a certain problem. Therefore, there 
should be some criteria to compare these solutions and choose the best one. There are 
several objectives to measure the effectiveness of CMS such as  

• Minimum number of intercellular/intracellular movement  
• Greatest proportion of part operations performed within a single cell  
• Maximum machine utilization  
• Minimal total costs by reducing setup times and WIP (work-in-process) 
• Minimal capital Investment  
• Minimum number of voids in the cells 

 
Different researchers approached differently to solve the layout design problems but they 
suffer from at least one of the following drawbacks:   
 

1. Production volume has not been considered in the calculation of intercellular 
movement while it is directly affected by this parameter.   

2. Sequence of operations has only been used to calculate the similarity between the 
parts. However, this parameter directly affects the number of movements of parts 
between the cells.  

3. The total number of ‘ones’ being in the off-diagonal blocks is treated as an 
indication of the number of intercellular movement between the cells. However, 
the total number of intercellular movements is dictated by the sequence of 
operations. Suppose that a specific operation of a part is done out of the 
corresponding cell. If this is the initial or the last operation of the part, a single 
intercellular movement takes place whereas it is counted twice in otherwise. The 
mathematical model proposed in the report provides a formula to calculate these 
movements. 

Joines et al. [5] offered a classification of the techniques available for manufacturing cell 
formation which are shown bellow:  



 

Production Engineering and Management, KTH 
 
                                                                                                            

Page - 12 -
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2 Objectives  
In this master thesis, the cell formation and layout design are considered simultaneously. 
I would like to propose a new production layout based on two algorithms (given below), 
similarity matrix, flow matrix that utilize the sequence data as input to the problem and 
identifies machine cells and the layout of machines within each cell. The objective is to 
make use of the valuable information about the flow patterns for the various jobs in a 
manufacturing system and obtain relevant performance measures for the cell design and 
layout problem.  
 
Two algorithms are:  

1. CASE: A clustering algorithm for cell formation by G. Jayakrishnan Nair² & T. T. 
narendranint. j. prod. res., 1998, vol. 36, no. 1, 157-179 

2. A flow matrix-based heuristic algorithm for cell formation and layout design in 
cellular manufacturing system by Iraj Mahdavi . Babak Shirazi .Mohammad 
Mahdi Paydar, Int J Adv Manuf Technol (2008) 39:943–953 

 
 

Array- Based 
Methods  

 

Hierarchical 
Non-

Hierarchical 
Mathematical 
Programming 

Artificial 
Intelligence 

 

Heuristics 

Graph 
Theories 

Classification 
& coding  

Other 

Cellular 
Manufacturing 

Design 
Oriented 

Production 
Oriented  

Figure2.1: Classification of machine cell formation provide by joines et al. 
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2.3 Problem formulation   
Use of sequence of data for cell formation problem provides additional information to the 
cell designer. This information can be used not only for identifying part families and 
machine groups, but also to arrive at the layout of machines within each cell based on 
dominant flow patterns within each cell. Typical Products flow are shown in appendix 1 
and location of different machines within the factory is shown in appendix 2.  
 
Mathematical model is proposed to solve the CFP considering the sequence of operations 
and production volume of parts. To formulate CFP, the following assumptions have been 
considered:  
 

1. The number of cells to be formed is unknown. 
2. Only one machine of each type is available  
3. All machines are to be assigned & each machine can be assigned to only one cell 
4. The production volume of each part in the planning horizon is a known 

deterministic value  
5. Each part has only one process plan for production. 
6. It’s very difficult to consider all of the data because it has a very large amount-

about 14000 products. 
7. I have tried to compare and try to identify the best optimal solution using 

Clustering Algorithm for cell formation (CASE) and Heuristic Algorithm and 
compared two results  

8. In my experiment I have got all data but it’s very difficult to note all process 
sequences for all products due to lack of time. 

9. In my study I would like to identify the process sequence for all groups 10-
XXXX, 11-XXXX, 12-XXXX to 90-XXXX. After that they have been arranged 
according to production volume and sales amount. 

10. Data are arranged based on production volume and sales amount, from each 
groups and then those are merge together to get mostly sold parts. For example 
most frequently sold pipes i.e. product id number 10-XXXX. In this way I tried to 
consider data/processing operation sequence for layout calculation that are mostly 
sold and have more impact on turnover.  

11. After getting data, priority has been assigned such as weighting 60% for amount 
and 40% for quantity for the same item and descending them to get desired data. 
Most of cases if you take 50 data(products) based on the amount/sold(money) and 
you will get same 50 products if you take based on sold quantity but position can 
be changed because price of the products are not the same 

12. I used machines 120, 800, 801, 810, 960 and 990 (heating and long boring etc)to 
get the sequence of operations but finally I excluded to form the machine cells 
because these operations are bought from other companies 

13. The parts which have more than one operation in single machine, I would like to 
take only operation because movement has not taken place for part from one 
machine to other machine.   
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2.4 CASE: A clustering algorithm for cell formation 
Instead of the binary MCIM, G.J. Nair and T.T. Narendran[6] used the component-
machine incidence matrix (CMIM) (see table 2.4), of ordinal data as the input and 
proposed a two-stage procedure to minimize inter-cell travel. Each non-zero entry in the 
CMIM indicates the operation number for a component. In the first stage of the 
procedure, two machines are assigned to cells based on the volumes (cost) which have 
‘maximum traffic’ between them are merged, provided the union remains within 
predefined limits (hierarchical clustering). The second stage is a refinement procedure in 
which the assignment is improvement wherever possible.  
 
 
 

  Machines  

C
om

po
ne

nt
s 

1 2 3 4 5 6 7 8 9 10 
2 0 0 2 0 0     1,3 0 0 0 
3 0 1 0 0 3 0 4 0 2 
4 0 2 0 4 1 0 0 3 0 

5 3 0 5
         
4,6 0 1 0 2 0 

6 0 5 3 0 1 2 0 0 4 
7 1 0 0 0 2 0 0 3 0 
8 4 0 3 0 0 0 2 0 1 
9 3 0   1 0 0 0 0 2 
10 0 3 2 0 0 1 0 4 0 

 
However this procedure has certain drawbacks:  

1. It requires a prior specification of the upper bound on the number of machines 
within a cell and the number of cells. This contradicts the fundamental philosophy 
of grouping that groups exist naturally and that the task of the analyst is to 
identify them if they exist. At the stage of design, it is only logical that the 
number of groups should be an outcome of the solution procedure and not an 
input parameter (Srinivasan et al. 1990)[8] 

2. The algorithm is based on hierarchical clustering which has a severe limitation-
irreversibility-when once two machines (or cells) are grouped together at some 
stage there is no way to retrace the steps even if it leads to suboptimal clustering 
at the end. 

3. Goodness of grouping depends on two aspects: within-cell compactness 
(members of the same group are highly similar) and minimize of exceptions. A 
better grouping means an increase in compactness, a decrease in the number of 
exceptions or both. Since the suggested criteria do not measure compactness, 
which is central to the concept of GT, they are inadequate and inappropriate as 
performance indicators of alternative solutions 

4. Machine-cells and component-families are not formed simultaneously (Srinivasan 
1994) [9] 

Table 2.4 Component-machine incidence matrix 
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5. A measure of proximity or association must be defined for every pair wise 
combination of the entities to be clustered. It measures the similarity and 
dissimilarities between two entities. Measures are taken to asses the similarity of 
machines, based on operations sequence utilizing ordinal data.  

6. It has some undesirable features such as unboundedness and asymmetry.  It 
requires the search of part population for the longest sequence of operations 
common between components.  

 
2.4.1 Notations and definitions 

m   number of machines(rows) 
n   number of components (columns) 
B  [bjip], input, component-machine incidence matrix  
nji  number of times the jth component visits the ith machine (Nji>0) 
bjip  the operations sequence number if the jth (1≤ j ≤ n) component visits the 

ith (1≤ i ≤ m) machne for the pth (0≤ p ≤ nji) time; zero, otherwise  
wj  weight of component j 
rj   maximum number of operations for component j 
s(i,l)  pair wise similarity between machine i and l 
TOTOPk total number of operations in the kth cell 
NOPk  total number of non-operations (voids) in the kth cell 
c  maximum number of machine-cells 
β  bond efficiency  
 
In order to ascertain the similarity between a pair of machine McAUley (1972) [10] 
employed Jaccard’s similarity coefficient (JSC) 
 

JSC = Number of pairs in which both are ones/ Number of pairs in which at least either is 
one 
Chandrasekhran and Rajagopalan (1989)[11] coefficient to incorporate production volume: 
 

S(i,l)= ∑
=

n

i vjYilj
vjXilj

1
…………………………………………………………………… (2.4.1) 

Vj production volume for component type j 
Xilj  1, if both machine i and l are visited by component type j 
 0, otherwise 
Yilj  1, if either machine i or l are visited by component type j 
 0, otherwise 
 
Gupta and Seifoddini (1990)[12] extended this similarity coefficient to incorporate the 
effect of operation time, operational sequence and production volume. However this 
measures requires extensive data collection and computation to machine cells 
(Seiffoddini and Hsu 1994) 
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S(i,l)= 
YjYjvjkZjkvjXiljTilj

vjkZjkvjXiljTilj

n

j

nj

k

nj

k

n

j

+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++

+

∑ ∑

∑∑

= =

==

1 1

11 ……………………………………….. (2.4.2) 

nj number of trips in which componets type j visits both machine i and l 
Xilj  1, if component type j visits both machine i and l 
 0, otherwise 
Zjk  1, if component type j visits both machine i and l in a row 
 0, otherwise 
Tilj proportion of total processing time that component type j spends on both machine 

i and l (ratio of total smaller unit operation times to higher unit operation times for 
machine parts i and l for component type j during visits to machine i and l) 

Yj  1 if component type j visits either machine i or l 
 Otherwise 0  
 
Although the above measures try to accommodate additional information, but they have 
some or all of the following limitations 
 

1. Failure to recognize that an intermediate operation in an external cell generates 
two inter-cell moves. 

2. disregard to multiple visits by a component to the same machine and  
3. absence of a provision to incorporate weight (if desired by user) 

• the volume of production/batch size  
• material handling cost (depending on size shape, weight and other 

attributes) 
• component cost (to minimize the work-in-process cost) 

 
Weighted machine sequence similarity(s) with adequate provision to incorporate the 
factor mentioned earlier. For pair of machine i and l 
 

s(i,l)=
li

li

tt
cc

+
+ ………………………………………………………………………. (2.4.3)  

Total number of moves to and from machine i by the components which visit it 

ti= ∑∑
= =

n

j

nji

p
jipj tw

1 1
…………………………………………………………………….. (2.4.4) 

 
Total number of moves to and from machine i made by all components which visit 
machine i and l 

ci= ∑∑
= =

n

j

n

p
jipj

ji

cw
1 1

……………………………………………………………………. (2.4.5) 

 
tjip = 0  if bjip=0 
 =1 =1 or rj 
 =2 otherwise  
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cjip = 0  if bjip=0 or bjlp=0 
 =1 =1 or rj 
 =2 otherwise  
wj is the weighting factor of component j encompassing the additional factors. 
 
2.4.2 Performance measurement 

The performance of a grouping method is evaluated by the quality of solution it yields. 
The existing measures grouping efficiency ( Chandrasekharan and Rajagopalan, 1987)[11] 
and grouping efficacy  (Kumar and Chandrasekharan, 1990)[9] that were designed for 0-1 
matrices, are unsuitable for sequence data. Hence, Harhalakis et al (1990)[13] suggested 
three evaluation criteria that take into account the sequence of data but these measures are 
not adequate for CASE. For that reason, bond efficiency has been used to measure the 
performance.  
 
The quality of a solution to the grouping problem depends on two aspects: within-cell 
compactness (members of the same group are highly similar) and minimization of inter-
cell moves. A better grouping means an increase in compactness, a decrease of in the 
number of inter-cell moves or both.  
 
Compactness of each cell is defined as the ratio of the number of operations within it to 
the maximum number of operations possible in it.  
 

Compactness =
∑

∑

=

=

+
c

k
kk

c

k
k

NOPTOTOP

TOTOP

1

1 ……………………………………………… (2.4.6) 

For a perfect diagonal block  
Compactness=1 as NOPk=0 
 
Inter cell travel can be computed using GT efficiency. GT efficiency, defines as the ratio 
of the difference between the maximum number of inter-cell travels possible and the 
number of inter-cell travels actually required by the system to the maximum number of 
inter-cell travels possible. 
 
The maximum number of the inter-cell travels possible in the system is  
 

I= ∑
=

−
n

j
jr

1
)1( ………………………………………………………………………. (2.4.7) 

The number of inter-cell movements required by the system is  

U= ∑∑
−

==

1

11
)(

rj

k
jk

n

j
xl ……………………………………………………………………. (2.4.8) 

 
xljk =0 if operations k, k+1 are performed in the same cell 
 =1, otherwise  
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GT efficiency= 
I
UI − …………………………………………………………….. (2.4.9) 

This efficiency can be evaluated using the actual weight of components (wj) for 
computing the inter-cell travels I and U, thus providing a weighted penalty.  
 
Obtaining completely independent cells is often the primary objective in cell formation. 
If complete independence is not possible, maximum independence are sought within the 
constraints. Therefore bond efficiency (β) is defined as a weighted average of 
compactness and GT efficiency. 

β= 
∑

∑

=

=

+

−
+

−
c

k
kk

c

k
k

NOPTOTOP

TOTOPq

I
UI

1

1
)1(

)(1 ………………………………..........................(2.4.10) 

β is non-dimensional and non-negative. The weight factor q (0≤ q ≤ 1) enables the analyst 
to shift the emphasis to compactness or to inter-cell movement, depending on the specific 
requirement of the problem 
 
2.4.3 Methodology of Clustering 

The approach rest on the three premises 
 

• Definition of a proximity measures between pairs of objects (here, machines) 
• Identification of seeds for clustering and  
• A criterion for clustering  

 

CASE is a non-hierarchical clustering which facilitates the emergence of natural clusters 
from the data without shutting off elements linked during earlier stages of execution. 
 
The task of identifying the machine-cells and the corresponding families is crucial to the 
formation of natural groups. Each machine in the data generally shares a different 
relationship with every other machine. Some are strongly connected (high value of 
similarity) when almost the same components are processed by them. Some are totally 
disjoint (zero similarity) from each other. Each disjoint machine is a potential seed for a 
machine cluster. The machines chosen as seeds for clustering are called centroids. Once a 
set of centroids are determined machine-cells can be formed around these seeds by 
allotting other machines to these seeds based on proximity. 
 
2.4.4 Formation of machine cells  

The proposed method begins by setting a threshold affinity level (TAL) equal to zero and 
by constructing the weighted sequence similarity matrix. Any pair of seed machines 
belonging to different clusters will, ordinarily, have an inter-machine similarity of zero. 
The similarity matrix is then scanned for the largest subset of disjoint set from the 
machine list, at this TAL. Ties are broken arbitrarily (by randomly choosing a subset of 
machines from the contenders). This set constitutes the set of centroids. Machine cells are 
formed by assigning each machine to the seed machine with which it has maximum 
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similarity. If any centroid fails to attract at least one other machine to its cluster (such 
centroids are called singletons), the following procedure is adopted. 
 

(1) The average similarity between the singleton and each cluster is computed. 
(2) The singleton is assigned to the cluster with which it has the maximum of the 

above values. 
 
2.4.5 Formation of component families 

Each machine-cell, thus obtained, provides a seed to cluster components. For example, if 
a five-machine problem yields two machine-cells: MC1 = {1,4} and MC2 = {2, 3, 5}, 
then the component seeds are CS1 = {10010} and CS2 ={01101}. Thus the formation of 
c machine-cells will result in c m-dimensional component-seed vectors. Each component 
is viewed as a vector in an m-dimensional space. Components are assigned to machine-
cells (component seeds) on the basis of a criterion that will ensure minimum inter-cell 
travel. Hence, a component cluster criterion is developed and defined as follows 
 
Compute the travel count (scjk), of each component vector (Pj={P1jP2j……Pmj}), 1≤j≤n, 
with every component seed vector (CSk= {CS1k, CS2k………CSmk}) 1≤k≤c. 

scjk=wj∑
=

n

i
Xi

1

 

Xi  0 (if either Pij or CSik is zero) 
 1, (if  Pij is 1or rj, and CSik is 1) 
 2, (if  Pij is not 1or rj, and CSik is 1) 
 

Assign the component vector to the component seed with which it has the highest travel 
count. Break ties in favor of the seed which has the smallest number of ‘1’s. 
 
This solution is evaluated by its bond efficiency. The procedure is repeated by raising the 
TAL to the next lowest value in the similarity matrix, so that additional centroids can be 
identified. These centroids are added to the existing set. The procedure is continued until 
the bond efficiency of consecutive solutions remains the same or decreases. 
 
2.4.6 Algorithm 

Step 0:  Read in data 
Step 1:  Set TAL=0, β=0 
Step 2:  Compute the similarity s(i,l) between every pair of machines i and l and 

form the similarity matrix 
Step 3:  Identify the centroids  
Step 4:   Cluster machines to form cells  
Step 5:  Assign components to machine-cells to form components families. 
Step 6:  Store the solution and compute bond efficiency  
Step 7:  If the bond efficiency of the new solution is superior to the existing best, 

increase TAL to the next higher value of similarity and go to 3 
Step 8:  print the best solution and the corresponding bond efficiency  
Step 9:  Stop 



 

Production Engineering and Management, KTH 
 
                                                                                                            

Page - 20 -
  

2.4.7 Calculation and Result 

Since most of the data are confidential property of the company, only limited amount of 
data will be presented in the thesis.   
 
2.4.8 Implementation and Illustration 

In CASE is illustrated here for considering the following assumptions  
 

i) The weight of the each component is unity  
ii) Equal weight is given to compactness and inter-cell movement   

 
The data for the calculation is taken from the “Monitor System”-ERP system. I had to 
collect data for each component by using the manufacturing preparation log. By 
calculating the similarity s(i,l) using equation number (2.4.3) between each pair of 
machine i and l and similarity matrix are formed which are shown in appendix 5. To 
calculate the machine similarity index, we need to calculate ti (equation 2.4.4), ci 
(equation 2.4.5) values which are shown table below and appendix 3 respectively.  
 
Table2.4.8: ti values for similarity calculation 

Machines  
100 110 120 200 230 255 256 257 258 260 270 280 290 295 
264 133 3 46 4 54 48 2 2 60 221 42 86 36 
                           

Machines   
300 355 356 360 380 390 400 420 430 440 450 510 511  
22 54 4 242 10 60 36 79 19 84 57 180 102  

 
 
Similarity matrix in appendix 4 shows that maximum higher similarity index is located at 
(M255, M355). Assign machine 255 and 355 in cell number 1, Next upper similarity 
index value 0.78 is located in both at (M255, M256) and (M256, M355). So we can 
assign machine M256 in cell number 1. Next upper similarity index value 0.67 is located 
in both at (M257, M356), (M258, M356) and (M270, M360). So we can assign machine 
M257, M258 and M356 in cell number 2 and machine 270 and 360 assign in Cell 3. 
Similarly rests of the machines are assigned to different cells which are shown below:  
 

Cell 1: 255, 256, 355 
Cell 2: 257, 258, 356 
Cell 3: 110, 270, 360, 440, 300, 290, 390, 260, 420 
Cell 4: 450, 200, 295 
Cell 5: 100, 510, 511, 280 
Cell 6: 430, 400 
Cell 7: 380, 230  
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2.5 Heuristic Algorithm and Performance Index for cell 
formation and layout design  
The existence of voids and exceptions (inter-cell-movements) are typical of CMS design 
and cell designers endeavor to minimize them. On the other hand, in the case of layout 
design the focus is more on intra-cell movements. Layout design emphasizes the need for 
adjacency of processes as it can reduce material handling costs. From a production 
planning and control perspective, reverse movements within a cell and skipping of work-
stations are undesirable, as they tend to increase the complexity of planning and control. 
Three measures of performance for evaluating the goodness of the solutions are defined.  
 
The following notations are with respect to CMS cell and layout design problem and 
develop relevant performance measures:  
 
2.5.1 Notations  

i index for parts (i=1,2,3………,P) 
j index for machines (j=1,2,3………,M) 
k index for cells (k=1,2,3………,C) 
S=[Sij] represent the machine-part incidence matrix using sequence data 
Sij  is the sequence of ith part in jth machine  
 =0 if the part does not require the machine  
 >0 and an ordinal number indicating the position in the overall sequence  
Pk Number of parts in cell k 
Mk Number of Machines in cell k 
Nfk Number of forward movements within cell k 
Nopk Number of operations within cell k 
Ntk Total number of movement within cell k 
 
The total number of operations to be performed, the total number of movements and the 
size of cell k are as follows:  

Total number of operations, Nops=  ∑
=

p

i
jiS

1
max …………………………………… (2.5.1) 

Therefore, total number of movements, Ntmov= Nops-P…………………………….. (2.5.2) 
The size of cell k, Nsk= (Pk*Mk)………………………………………………….. (2.5.3) 
 
2.5.2 Cell movement Index (CMI) 

The cell movement index for cell k, CMIk is defined as the ratio of the number of forward 
movement to the total number of movements within a cell. Average cell movement index 
(ACMI) is the weighted average of CMIk by the number of parts in the cells. The 
expression for CMI and ACMI are given below:  

CMIk= 
kcellaithin movement w ofnumber 

k cell aithin movement w forward ofnumber = 
tk

fk

N
N

…………………… (2.5.4) 
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Average Cell movement index, ACMI = 
P

CMIP
C

k
kk∑

=1
*

…………………………... (2.5.5) 

This cell movement Index (CMI) is not so effective because if we change the order of 
machine we will get the same result. But it is more effective for the assembly and single 
product layout problem. 
 
2.5.3 Cell Utilization Index (CUI) 

The cell utilization index for each cell (CUIk) is defined as the ratio of the number of 
operation in cell k to the size of cell k.  
 

Cell utilization index, CUIk= 
kcellofsizeThe

k cellin operation  ofnumber = 
sk

opk

N
N

……………. (2.5.6) 

Average Cell Utilization index, ACMI = 
C

CUI
C

k
k∑

=1 ……………………………… (2.5.7) 

2.5.4 Overall Movement Index (OMI) 

Another measure of interest is the overall movement index (OMI). OMI is defined as the 
ratio of the number of forward movements in all the cells to the total number of 
movement required to process all the parts in the system.  

Overall Movement Index, OMI= 
 system in the movements ofnumber  Total

cell allin  movements  forward of Sum = 
tmov

C

k
fk

N

N∑
=1  

                                                         ………………..……………………………………… (2.5.8) 
The cell utilization is defined efficiency of each cell. Therefore, the more cell utilization, 
the less the number of voids in each cell. On the other hand, OMI indicates the extent of 
inter-cell movement required by the parts to complete processing. This is obvious 
because Ntmov is the summation of the total number of movements within cell (Ntk) and 
exceptions (inter-cell moves). Since Ntk and inter-cell moves are complementary to each 
other, for a given value of the number of forward movements (Nfk), a higher value of 
OMI can be achieved only by having fewer inter-cell movements. It is clear from the 
above that while CMI addresses the issue of intra-cell, OMI focuses on inter-cell issues.  
 
2.5.5 Flow matrix 

Since forward movement is a good indicator of the goodness of the solution, a flow 
matrix on the basis of the number of forward movement between a pair of machines and 
use it as the basic input to the grouping and layout problem are developed. The flow 
matrix is as follows:  
 
Let us consider a pair of machines, machine j and machine j′. If a part i visits machine j 
and machine j′ in immediate succession, then there is one unit of forward movement 
between the pair machines. Therefore, by assessing the nature movement of all the parts 
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visiting a pair of machines, one can estimate the number of forward movement between 
the pair of machines in the production system. This measure as the movement coefficient 
fjj’ between machine j and j’ is defined. The expression for fjj’ is obtained as follows: Xijj’  
is the unit movement coefficient for a part i between machines j and j’ as follows:  
 

Xijj’=0   if Sij=0 or Sij’=0 
Xijj’=1   if Sij’-Sij’=1 
Xijj’=0   otherwise 

Fjj’=∑
=

P

i
ijjX

1
' ………………………………………………………….. (2.5.9) 

By a pair-wise comparison of all the machines in the system in this fashion, one can 
arrive at the flow matrix, F= [fjj’]. The flow matrix F is an MxM asymmetric matrix.  
  
2.5.6 Algorithm  

The algorithm begins by selecting a pair of machines that can be placed side by side on 
account of high value of fjj’. After the machine pair is identified, partial solution is 
examined to find if one of them is already part of the partial solution. In such a situation, 
the improved solution is obtained by inserting the other machine into that cell 
appropriately. If the pair is not found in any of the cells already obtained a new cell is 
formed. The procedure stops when all the machines are assigned to the cells. The 
corresponding part families are identified.  The final solution is not only the group 
membership of the machines in each cell, but also the order in which the machines have 
to be placed to maximize forward movements. The algorithm includes the following 
steps:  
 

Step 1  Read matrix Sij 
Step 2  Construct flow matrix with the help of matrix Sij. 
Step 3  Create a new cell. 
Step 4  Take highest nonzero entry in the flow matrix formed in step 2 as threshold 

value. 
Step 5  Select threshold entry in the flow matrix at location (j, j′). In case of tie select 

any one of them arbitrarily. Then assign jth machine and j′th machine in current 
cell. 

Step 6  Check from j′th(jth) machine, whether the same threshold value exists in the j′th 
row (jth column). If it exists in location (j′, j″′) (location (j″, j)), then assign 
j″′th machine (j″th machine) to current cell after j′th machine (before jth 
machine). Now j′th machine (jth machine) is removed for next consideration 
and check in the j″′th row (j′′th column) whether current threshold value exists. 
If it exists, continue in the same manner. 

Step 7  If all the machines have been assigned, go to step 15. 
Step 8  If all threshold values have been exhausted go to step 10. 
Step 9  Create a new cell and go to step 5. 
Step10  Consider next upper value in the flow matrix as threshold value. 
Step 11  Choose one location which lies in row (column) corresponding to the last 

machine (to the machine first) of formed cell. Continue the process of step 6. 
Step 12  If all the machines have been assigned, go to step 15. 
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Step 13  If all threshold values have been exhausted go to step 10. 
Step 14  Create a new cell and go to step 5. 
Step 15  Create part family, assign a part to a cell, where it requires maximum number 

of machines for its operations, if ties exist, resolve the ties by assigning the 
part to the cell where the better CUI has been obtained 

 
2.5.7 Calculation and Result 

Since most of the data are confidential property of the company, only limited amount of 
data will be presented in the thesis. 
 
2.5.8 Implementation and Illustration 

According to the flow matrix equation (2.5.9) and algorithm steps (2.5.6), the solution is 
shown in appendix 5. 
 
The highest non-zero threshold value is 131, associated with (M100, M510) position. So, 
assign machine 100 and 510 in cell number 1. Select next upper threshold value i.e. 54, 
associated with (M100, M511) and (M270, M360). So assign machine 511 in cell number 
1 after 510 and assign M270, M360 in cell number 2. All the current threshold values 
have been exhausted. Check for the next upper threshold value i.e. 34 associated with 
(M100, M270), so assign machine 100 before 270. Following cells have been formed so 
far.  
 

Cell1: 100, 510, 511 
Cell2: 110, 270, 360 

 

Check for next upper threshold value i.e. 33 associated with (M110, M440). According to 
the algorithm, assign machine 440 in cell number 2.  Now, current threshold value is 
exhausted, select for next upper threshold value i.e. 25, located at (M290,M360). So 
assign machine 290 in cell 2. Check for next upper value i.e. 24 is located at (M440, 
M270) but they are already assigned. So check for next upper threshold value i.e. 20, 
associated with (M255, M256) so assign machine 255 and 256 in cell 3 and next upper 
threshold value i.e. 19 associated with (M256,M355). So, place machine number 355 
after machine number 256. Similarly we can assign rest of the machines in different cells 
and get the following final shape of the formed cells:  
 

Cell1: 100, 510, 511, 420, 280 
Cell2: 110, 270, 360, 440, 260,400, 290, 390, 430, 300, 230, 380 
Cell3 255, 256, 355 
Cell4: 295, 450, 200 
Cell5: 257, 258, 356 

 
2.6 Performance measure for comparison between CASE 
and Heuristic algorithm 
The cell utilization is defined efficiency of each cell. Therefore, the more cell utilization, 
the less the number of voids in each cell. It is to be found that in comparison chart in 



 

Production Engineering and Management, KTH 
 
                                                                                                            

Page - 25 -
  

appendix 6(a) ACUI% for CASE 62.30% and for Heuristic 51.69%. We can conclude 
that there are more voids in the cells that we obtained by heuristic algorithm.  
On the other hand, OMI indicates the extent of inter-cell movement required by the parts 
to complete processing. This is obvious because Ntmov is the summation of the total 
number of movements within cell (Ntk) and exceptions (inter-cell moves). Since Ntk and 
inter-cell moves are complementary to each other, for a given value of the number of 
forward movements (Nfk), a higher value of OMI can be achieved only by having fewer 
inter-cell movements. Since Heuristic OMI is higher than the Heuristic OMI% 
(OMI%=Heuristic 71.09> CASE: 64.64), It is clear that Heuristic solution will give us 
fewer inter-cell movement and higher value of forward movement than the CASE 
solution.  
Compactness measurement is synonymous with Cell Utilization Index. 
Bond efficiency (β) is defined as a weighted average of compactness and Group 
technology (OMI %) efficiency But bond efficiency for the both cases are almost same.  
 
2.7 Discussion  
After carefully observation I have got something interesting that in  case heuristic 
algorithm cell2 consists of a many number of machines (12) i.e. 110, 270, 360, 440, 
260,400, 290, 390, 430, 300, 230, 380.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.7: Different machines and associated forward movement between machines   
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But most of the machines are associated around the machine number 270 and machine 
number 360. It would be better to make two cells building centroid of machine number 
270 and 360 which are shown above in the figurative way. 
 
In the figure 2.7 dark arrows indicated inter-machine movements of parts and the number 
near the lines indicate amount of inter-machine movement. And dotted arrow indicated 
outgoing movement. In this figure only 10 machines are considered because rest of 
machines don’t have large number of movement (<3).  I think that the above machines 
arrange in the cell 2 could be the better arrangement but we can take away machine 
number 300 so that we can place all machine in three rows which are given bellow:  
 

Row1: 440, 110, 430 
Row2: 400, 270, 390 
Row3: 260, 360, 290 

 
Machine number 300 can be placed after machine 390. And rest two machines 230 and 
380 could be placed in row number 1 and row number 2 subsequently because 230 have 
forward movement 3 from 110 and 380 has forward movement to 270. After placing the 
machines we get the arrangement are as follows: 
 

Row1: 230  440  110  430 
Row2: 380  400  270  390 
Row3:          260  360   290 

 
If we see the two results of algorithms cell3, cell4 and cell5 in Heuristic are similar to 
cell1, cell4 and cell2 in CASE algorithm. And cell number 1 in Heuristic and Cell5 is 
almost similar in CASE but in heuristic solution, it has got one machine more i.e. 420. 
Machine number 420 could be placed in cell1 with machine 100, 510, 511 though if it is 
placed in cell 3 in CASE we will get more operation (similarity between 270 and 360 is 
0.23 and 0.27 and forward movements are 8, 5 consecutively) but the intra cell movement 
will be higher and forward (consecutive) movement is lower than heuristic solution 
(forward movement with machine 510 and 511 is 6, 9 consecutively).  
 
For the cell number 7, in CASE solution got machine 380 and 230 but they have forward 
movement with machine 110 and 270 accordingly. So it is better to place them together 
with cell number 3 in CASE which have been also described in above Paragraph. i.e. 
placing machines in different rows.    
 
2.8 Limitations of these Theories  

• Theories that I have considered for layout design, they don’t consider the size and 
weight of the machines and parts that could be assigned to the machines. 

• Required space available and space required for machining operations. 
• Some machines need to place near the exit doors and entrance doors. In this case 

machine number 100, 110 should be placed near the storage because first 
cutting/sawing operations start from these two machines. Another example for 
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machine number 290, it can operate big pipes (dia) raised boring pipes. It is better 
to place the machine near the door because movements of raised boring pipes are 
very difficult due to heavy weight (weight) and lengths. 

• Both theories have good application for assembly process or straight (along with 
the direct line) manufacturing processes. But they don’t tell how to arrange the 
machine in a cell in job shop manufacturing where machine can be placed side by 
side or one machine can be made center of other machines. 

• Most of manufacturing industries have machines with different processing times 
that why parts need be placed in temporary place to wait for other machines and 
in this case parts movement is inevitable but these theories don’t consider the 
temporary storage and any kind of storage. It is to be noted that the storage 
distance from machines could be longer compared to inter-cell distance.  

• Both theories don’t reflect on processing times of jobs. For example if we 
consider two machines which have large processing time, they don’t need 
frequent movement of the parts. In contrast those that have shorter processing 
time, they need frequent movement of parts and those need to place nearer than 
those have large processing times. 

• Weighted average cell utilization Index could be used instead of average cell 
utilization index. Because if you see the appendix 6(b) last two cells, cell6 and 
cell7 have only 4 and 3 parts consequently but those have the greater impact on 
the Average Cell Utilization Index. It’s better to make weight percentage of total 
number of parts to measure the overall Cell Utilization Index. Here, different 
between two ACUI% is 62.30-51.69=10.61% but for weighted average, the 
difference is only 40.45-33.91=6.45% 

  
2.9 Result  
After considering the results from two algorithms, final modified layout design is shown 
in figure 2.9. In the figures different arrangement of machines are shown by using 
arrows. The starting point of arrow indicates the original positions and tip indicates 
modified location of the machines. In the picture, assembly room is moved from right to 
left side. Similarly friction welding machines with printing are moved to right that are 
shown by large arrow.  
 
According to cell 1 in CASE algorithm and cell 5 in Heuristic algorithm, machine 280 
could be placed near to machine 510. Machine 440 is placed because 110 and 440 should 
be in same cell which are shown cell 2 in Heuristic and cell 3 for CASE. And it is also 
clear from the appendix 1 that 440 should be place just immediately after machine 
number 110. According to figure 2.7 machine 390, 290, and 360 have good relation, so 
it’s wise to place machine 390 near machine 290. According to picture 2.7, machine 
number 260 is placed near the machine 440 and machine 390 because machine 260 has 
higher inter-machine movement with those machines. Furthermore, some racks are 
placed near to exit door which are shown in the figure by using oval. This kind of 
placement of rack near the exit door will help to easily send machined products for 
hardening. Lastly some small modifications are shown by different arrows in picture 2.9. 
Final 3D layout is shown below in picture 2.9.  
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Figure 2.9: Modified factory layout and different changes of machines are shown by 
using arrows. This final layout will enhance efficient parts flow within the shop floor 
and significantly reduce material handling cost.  
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2.10 Conclusion 
Two algorithmic approaches for obtaining machine cells and product families have been 
presented in this chapter. Both two algorithms have been chosen because they dealt with 
the sequence of data that are available in ERP system of the company. The layout design 
allows neutral group formation to emerge and yields solution of higher quality 
considering the process sequence, though the set up time is an important factor. The 
performance measurements are shown in appendix 6 (a). This modified layout will 
improve material handling, significantly reduce material handling flow time and distance, 
and set up time. The application of group technology to a traditional manufacturing 
system can usually result in a simpler material flow system, so that a higher transfer rate 
and easier production planning and control functions can usually be achieved.  
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3.1 Introduction 
TPM can be considered as the medical science of machines. Total Productive 
Maintenance (TPM) is a maintenance program which involves a newly defined concept 
for maintaining plants and equipment. The goal of the TPM program is to markedly 
increase production while, at the same time, increasing employee morale and job 
satisfaction. TPM brings maintenance into focus as a necessary and vitally important part 
of the business. 
 
TPM is a company-wide team-based effort to build quality into equipment and to 
improve overall equipment effectiveness. After carefully watching Driconeq, there are 
lots of potential to be better in utilizing the machines, men, time and other resources to 
reach the better productivity goal. Like the Japanese say ‘to discover the mountain of 
possibility’ [1]. One approach can meet the challenge is TPM, Total productive 
maintenance. The challenge is to be the world class company in these days and the 
criterion are sited by Michigan Manufacturing Technology Center [2]:  
 

• 100% on-time delivery. 
• Maintenance costs < 5% of total sales 
• Uptime availability > 90%  
• Backlog compliance > 95% 
• Work allocation analysis 80/20 rule or better (80% TPM - 20% emergency) 
• Autonomous maintenance activities account for at least 25% of  
• Total Productive Maintenance work 
• Predictive methods account for 50% or greater resource allocation for 

maintenance work 
• 5S and monthly layered process audits are in effect plant-wide 
• 85% or better Overall Equipment Effectiveness  
• Spare parts are 90% or greater on time delivery 

 
TPM will help the company to meet the criterion at the right time.  
 
3.2 Definition of TPM (Total Productive Maintenance) 
The practical meanings [3] of Total Productive Maintenance are as follows:  
 

Total 
• all employees are involved 
• it aims to eliminate all accidents, defects and breakdowns 
Productive 
• actions are performed while production goes on 
• troubles for production are minimized 
Maintenance 
• keep in good condition 
• repair, clean, lubricate 



 

Production Engineering and Management, KTH 
 

                                 
Page - 33 -
  

A recognized definition and thought about TPM is given by Nakajima, 1988, also Suzuki 
1992:  

• It is aimed at maximizing equipment effectiveness through the optimization of 
equipment availability, performances, efficiency and product quality. 

• It establishes a maintenance strategy (level and type of productive maintenance) 
for the life of the equipment. 

• It involves all departments such as planning, inventory, maintenance department. 
• It involves all staffs from top management down to shop floor worker. 
• It improves maintenance through small group autonomous activities.  

 

TPM is about striving for: 
• zero accidents 
• zero breakdowns 
• zero defects 
• zero dust and dirt 

 
3.3 TPM – History and Benefits  

3.3.1 History of TPM  

TPM is an innovative Japanese concept. The origin of TPM can be traced back to 1951 
when preventive maintenance was introduced in Japan. However, the concept of 
preventive maintenance was taken from USA. Nippondenso was the first company to 
introduce plant wide preventive maintenance in 1960.  
 
Thus Nippondenso which already followed preventive maintenance also added 
Autonomous maintenance done by production operators. By then Nippon Denso had 
made quality circles, involving the employees’ participation and was awarded the 
distinguished plant prize (1971) for developing and implementing TPM, by the Japanese 
Institute of Plant Engineers ( JIPE ). Thus Nippondenso of the Toyota group became the 
first company to obtain the TPM certification. To eliminate waste, Toyota became one of 
the first companies to implement TPM [5]. Toyota measured six categories of equipment 
losses though-out its production system. 
 
In the year 1995, there were about 800 companies or units of companies using the TPM 
in Japan. [1] Also the European companies have started to apply TPM; one of the very first 
has been the Swedish car manufacturer Volvo in the Gent factory in Belgium. In Sweden 
especially the IVF (Institut for verkstadsteknisk forskning) has made big effort to 
implement TPM in the Swedish companies.  
 
3.3.2 Motives of TPM 

• Adoption of life cycle approach for improving the overall performance of 
production equipment.  

• Improving productivity by highly motivated workers which is achieved by job 
enlargement.  

• The use of voluntary small group activities for identifying the cause of failure, 
possible plant and equipment modifications. 
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3.3.3 Uniqueness of TPM 

The major difference between TPM and other concepts is that the operators are also made 
to involve in the maintenance process. The concept of "I (Production operators) Operate, 
You (Maintenance department) fix" is not followed. 
 
3.3.4 What can TPM give my business? 

The benefits from TPM implementation are outlined under the following three categories  
 
Business benefits 

• Planning with confidence through the supply chain to provide what customers 
want, when they need it, just in time, in the required quantity, make it right first 
time i.e. satisfy the customer’s needs by 100 %. 

• Flexibility -being able to react quickly to market changes without high levels of 
stock. 

• Higher confident level among the employees and goal will be achieved by 
working as team. 

• Improvement in OEE as a measurable route to increased profitability and OPE 
(Overall Plant Efficiency) by 1.5 or 2 times. 

• Rectify customer complaints.  
• Reduce the manufacturing cost by 30%.  
• More effective return on capital employed. 

 
Equipment benefits 

• Improved process capability, reliability, product quality and productivity. 
• Economical use of equipment throughout its total service life starting from design, 

called TPM for Design or Early Equipment Management. 
• Maximized efficiency of equipment. 
• Prolong life cycle of equipment  
• Prevention of breakdown  
• Keep the work place and equipment clean, neat and attractive.  

 
People benefits 

• Increased utilization of hand/operational skills, team working and problem-
solving skills, sharing of knowledge and favorable change in attitude.  

• Practical and effective example of team working, including TPM in 
Administration for the support functions. 

• Trouble-free shifts, because value-adding activities become proactive rather than 
reactive. 

• Reduce accidents and follow pollution control measures. 
 
3.3.5 Correlation of TPM with other standards 
 
Successful implementation of TPM in a company will lead to achieve different payback 
and others standard such as ISO 9001, ISO 14001 etc. which are shown in the figure 
below:  
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Figure 3.3: Correlation of TPM with other standards 
 
3.4 TPM:  What It Is and What It Is Not! 
Some people have confusing perceptions about Total Productive Maintenance. What it is 
and what it is not. Robert M. W (2006) has clearly distinct the Total Productive 
Maintenance is : 

• An organization-wide equipment improvement strategy. 
 Not a maintenance improvement program 

• A data-based equipment improvement strategy focused on a specific business case 
for improvement. 
 Not a program to be implemented 

• A systematic focus on eliminating the major equipment-related losses. 
 Not a program to clean and paint machines 

• A strategy that demands the involvement of anyone who contributes to a problem 
(engineers, procurement, maintenance, operations, process technicians, quality, 
storeroom, vendors/manufacturers, trainers, hourly, and management). 
 Not merely involving operators in “autonomous maintenance” 

• A systematic use of proven “TPM tools” to eliminate specific problems. 
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 Not tools to implement in the workplace in the hopes that they get put to good 
use 

• An approach that trains and holds workers accountable for proper operations and 
proper maintenance. 
 Not “TPM Training” for everyone involved 

• A major portion of the Toyota Production System from the late 1960s to address 
major equipment losses (problems). 
 Not a recent program dreamed up by Lean and Toyota Production System 

consultants 
• A strategy that assures that all critical equipment is reliable by focusing on 

improving overall equipment effectiveness. 
 Not a maintenance program applied to all critical equipment 

• A culture change (evolution) led by top management with very clear business 
expectations. 
 Not led by the maintenance or plant engineering organizations 

• The only proven work culture that promotes and sustains reliable equipment at 
lower costs… 
 Not one of many options for improving equipment reliability and/or cutting 

costs 
• An approach that embodies all of the proven maintenance & reliability tools (PM, 

PDM, RCM, CMMS…) 
 Not instead of the proven reliability tools 

 
3.5 Pillars of TPM 
Bundgaard, 1996, has described that TPM is program, supported by “the eight pillars”. 
 

1. Development Management (5S) 
2. Jishu Hozen (Autonomous Maintenance) 
3. Kobetsu Kaizen (Focused Improvement) 
4. Keikaku Hozen (Planned Maintenance) 
5. Hinshitsu Hozen (Quality Maintenance) 
6. Education and Training 
7. Office TPM 
8. Safety, Health and Environment  

 
Detailed descriptions of 8 pillars are given below:  
 
3.5.1 Pillar 1 - 5S (Development management) 

TPM starts with 5S. Problems cannot be clearly seen when the work place is 
unorganized. Cleaned and organized workplace helps the team to reveal problems. 
Making problems visible is the first step of improvement. 5S consist of the following 
elements:  
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Japanese Term English Translation Equivalent 'S' term 
Seiri Organization Sort 
Seiton Tidiness Systematize 
Seiso Cleaning Sweep 
Seiketsu Standardization Standardize 
Shitsuke Discipline Self - Discipline 

 
Seiri - Sort Out: 
This means sorting and organizing the items as critical, important, frequently used items, 
useless, or items that are not need as of now. Unwanted items can be salvaged. Critical 
items should be kept for use nearby and items that are not be used in near future, should 
be stored in some place. For this step, the worth of the item should be decided based on 
utility and not cost. As a result of this step, the search time is reduced.  
 

Priority Frequency of Use How to use 

Low Less than once per year, 
Once per year<  

Throw away, Store away 
from the workplace  

Average At least 2/6 months, Once 
per month, Once per week  Store together but offline  

High Once Per Day  Locate at the workplace  

Seiton - Organize: 
The concept here is that "Each item has a place and only one place". The items should be 
placed back after usage at the same place. To identify items easily, name plates and 
colored tags has to be used. Vertical racks can be used for this purpose, and heavy items 
occupy the bottom position in the racks.  
 
Seiso - Shine the workplace: 
This involves cleaning the work place free of burrs, grease, oil, waste, scrap etc. No 
loosely hanging wires or oil leakage from machines.  
 
Seiketsu - Standardization: 
Employees have to discuss together and decide on standards for keeping the work place / 
Machines / pathways neat and clean. These standards are implemented for whole 
organization and are tested / inspected randomly.  
 
Shitsuke - Self discipline: 
Considering 5S as a way of life and bring about self-discipline among the employees of 
the organization. This includes wearing badges, following work procedures, punctuality, 
dedication to the organization etc.  
 
3.5.2 Pillar 2 - Jishu Hozen (Autonomous maintenance) 

This pillar is geared towards developing operators to be able to take care of small 
maintenance tasks, thus freeing up the skilled maintenance people to spend time on more 
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value added activity and technical repairs. The operators are responsible for upkeep of 
their equipment to prevent it from deteriorating.  
 
Policy 

• Uninterrupted operation of equipments.  
• Flexible operators to operate and maintain other equipments.  
• Eliminating the defects at source through active employee participation.  
• Stepwise implementation of autonomous maintenance activities.  
 

Targets 
• Prevent the occurrence because of autonomous maintenance.  
• Reduce oil consumption by 50%  
• Reduce process time by 50%  
• Increase use of autonomous maintenance by 50%  

 
Steps in autonomous maintenance: 
There are eight steps in autonomous maintenance which are discussed in detail below: 
  

Train the Employees: Educate the employees about TPM, Its advantages, AM 
advantages and Steps in AM. Educate the employees about abnormalities in 
equipments.  

 
Initial cleanup of machines:  
• Supervisor and technician should discuss and set a date for implementing step1  
• Arrange all items needed for cleaning  
• On the arranged date, employees should clean the equipment completely with the 

help of maintenance department.  
• Dust, stains, oils and grease has to be removed.  
• Following are the things that have to be taken care while cleaning. They are Oil 

leakage, loose wires, unfastened nits and bolts and worn out parts.  
• After clean up problems are categorized and suitably tagged. White tags are place 

where problems can be solved by operators. Pink tag is placed where the aid of 
maintenance department is needed.  

• Contents of tag are transferred to a register.  
• Finally close the open parts of the machine and run the machine.  

 
Counter Measures:  
• Inaccessible regions had to be reached easily. E.g. If there are many screw to open 

a fly wheel door, hinge door can be used. Instead of opening a door for inspecting 
the machine, acrylic sheets can be used.  

• To prevent work out of machine parts necessary action must be taken.  
• Machine parts should be modified to prevent accumulation of dirt and dust.  

 
Tentative Standard:  
• AM schedule has to be made and followed strictly.  
• Schedule should be made regarding cleaning, inspection and lubrication and it 

also should include details like when, what and how.  
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General Inspection:  
• The employees are trained in disciplines like Pneumatics, electrical, hydraulics, 

lubricant and coolant, drives, bolts, nuts and Safety.  
• This is necessary to improve the technical skills of employees and to use 

inspection manuals correctly.  
• After acquiring this new knowledge the employees should share this with others.  
• By acquiring this new technical knowledge, the operators are now well aware of 

machine parts.  
 

Autonomous Inspection:  
• New methods of cleaning and lubricating are used.  
• Each employee prepares his own autonomous chart / schedule in consultation 

with supervisor.  
• Parts which have never given any problem or parts which don't need any 

inspection are removed from list permanently based on experience.  
• Including good quality machine parts. This avoids defects due to poor AM.  
• Inspection that is made in preventive maintenance is included in AM.  
• The frequency of cleanup and inspection is reduced based on experience.  

 
Standardization:  
• Up to the previous stem only the machinery / equipment was the concentration. 

However in this step the surroundings of machinery are organized. Necessary 
items should be organized, such that there is no searching and searching time is 
reduced.  

• Work environment is modified such that there is no difficulty in getting any item.  
• Everybody should follow the work instructions strictly.  
• Necessary spares for equipments is planned and procured.  

 
Autonomous Management:  
• OEE and OPE and other TPM targets must be achieved by continuous improve 

through Kaizen.  
• PDCA (Plan, Do, Check and Act) cycle must be implemented for Kaizen.  

 
3.5.3 Pillar 3 - Kaizen (Continuous Improvement) 

"Kai" means change, and "Zen" means good (for the better). Basically kaizen is for small 
improvements, but carried out on a continual basis and involve all people in the 
organization. Kaizen is opposite to big spectacular innovations. Kaizen requires no or 
little investment. The principle behind is that "a very large number of small 
improvements are move effective in an organizational environment than a few 
improvements of large value.  
 
Kaizen Policy: 

• Practice concepts of zero losses in every sphere of activity.  
• Relentless pursuit to achieve cost reduction targets in all resources  
• Relentless pursuit to improve over all plant equipment effectiveness.  
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• Extensive use of PM analysis as a tool for eliminating losses.  
• Focus of easy handling of operators.  

 
Kaizen Target: 
Achieve and sustain zero loses with respect to minor stops, measurement and 
adjustments, defects and unavoidable downtimes. It also aims to achieve 30% 
manufacturing cost reduction.  
 
Tools used in Kaizen: 

• PM analysis  
• Why - Why analysis  
• Summary of losses  
• Kaizen register  
• Kaizen summary sheet.  
 

P-M analysis and why-why analysis are described in the next part of this chapter.  
 
As one of the pillars of TPM activities, Kaizen pursues efficient equipment, operator and 
material and energy utilization that is extremes of productivity and aims at achieving 
substantial effects. Kaizen activities try to thoroughly eliminate 16 major losses which 
are:  

Table 3.5.3: 16 Major losses in an organization 
 

Loss Category 
1. Failure losses - Breakdown loss  
2. Setup / adjustment losses  
3. Cutting blade loss  
4. Start up loss  
5. Minor stoppage / idling loss.  
6. Speed loss - operating at low speeds.  
7. Defect / rework loss  
8. Scheduled downtime loss  

Losses that impede equipment 
efficiency 

9. Management loss  
10. Operating motion loss  
11. Line organization loss  
12. Logistic loss  
13. Measurement and adjustment loss  

Losses that impede human work 
efficiency 

14. Energy loss  
15. Die, jig and tool breakage loss  
16. Yield loss.  

Losses that impede effective use of 
production resources 

 
 
3.5.4 Pillar 4 - Planned Maintenance 

It is aimed to have trouble free machines and equipments producing defect free products 
for total customer satisfaction. With Planned Maintenance we evolve our efforts from a 
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reactive to a proactive method and use trained maintenance staff to help train the 
operators to better maintain their equipment.  
 
Policy: 

• Achieve and sustain availability of machines.  
• Optimum maintenance cost.  
• Reduces spares inventory.  
• Improve reliability and maintainability of machines.  
 

Target 
• Zero equipment failure and break down.  
• Improve reliability and maintainability by 50 %.  
• Reduce maintenance cost by 20 %.  
• Ensure availability of spares all the time.  
 

Six steps in planned maintenance 
1. Equipment evaluation and recoding present status.  
2. Restore deterioration and improve weakness.  
3. Building up information management system.  
4. Prepare time based information system, select equipment, parts and members and 

map out plan.  
5. Prepare predictive maintenance system by introducing equipment diagnostic 

techniques, and  
6. Evaluation of planned maintenance.  
 

3.5.5 Pillar 5 - Quality Maintenance 

It is aimed towards customer delight through highest quality through defect free 
manufacturing. Focus is on eliminating non-conformances in a systematic manner, much 
like Focused Improvement. The conditions equipment parts are checked and measure in 
time series to very that measure values are within standard values to prevent defects. The 
transition of measured values is watched to predict possibilities of defects occurring and 
to take counter measures before hand. Transition is from reactive to proactive (Quality 
Control to Quality Assurance).  
 
Policy 

• Defect free conditions and control of equipments.  
• QM activities to support quality assurance.  
• Focus of prevention of defects at source.  
• Focus on poka-yoke. ( fool proof system )  
• In-line detection and segregation of defects.  
• Effective implementation of operator quality assurance.  

Target 
• Achieve and sustain customer complaints at zero.  
• Reduce in-process defects by 50 %.  
• Reduce cost of quality by 50 %.  
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Data requirements: 
Quality defects are classified as customer end defects and in house defects.  
 

Customer end data:  
• Customer end line rejection. 
• Field complaints.  

 
Data related to product: 
• Product-wise defects.  
• Severity of the defect and its contribution - major/minor.  
• Location of the defect with reference to the layout.  
• Magnitude and frequency of its occurrence at each stage of measurement.  
• Occurrence trend in beginning and the end of each production/process changes. 

(Like pattern change, ladle/furnace lining etc.)  
• Occurrence trend with respect to restoration of breakdown/modifications/ 

periodical replacement of quality components.  
 

Data related to processes: 
• The operating condition for individual sub-process related to men, method, 

material and machine.  
• The standard settings/conditions of the sub-process  
• The actual record of the settings/conditions during the defect occurrence.  

 
3.5. 6 Pillar 6 - Training 

It is aimed to have multi-skilled revitalized employees whose morale is high and who has 
eager to come to work and perform all required functions effectively and independently. 
Education is given to operators to upgrade their skill. It is not sufficient know only 
"Know-How" by they should also learn "Know-why". The goal is to create a factory full 
of experts.  
 
Policy 

• Focus on improvement of knowledge, skills and techniques.  
• Creating a training environment for self learning based on felt needs.  
• Training curriculum / tools /assessment etc conductive to employee revitalization  
• Training to remove employee fatigue and make work enjoyable.  

 
Target 

• Achieve and sustain downtime due to want men at zero on critical machines.  
• Achieve and sustain zero losses due to lack of knowledge / skills / techniques.  
• Aim for 100 % participation in suggestion scheme.  
 

Steps in Educating and training activities 
• Setting policies and priorities, and checking present status of education and 

training.  
• Establish of training system for operation and maintenance skill up gradation.  
• Training the employees for upgrading the operation and maintenance skills.  
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• Preparation of training calendar.  
• Kick-off of the system for training.  
• Evaluation of activities and study of future approach.  

 
3.5.7 Pillar 7 - Office TPM 

Office TPM should be started after activating four other pillars of TPM (AM, Kaizen, 
QM, PM). Office TPM must be followed to improve productivity, efficiency in the 
administrative functions and identify and eliminate losses. This includes analyzing 
processes and procedures towards increased office automation.  
 
Office TPM and its Benefits 

• Involvement of all people in support functions for focusing on better plant 
performance  

• Better utilized work area  
• Reduce repetitive work  
• Reduced inventory levels in all parts of the supply chain  
• Reduced administrative costs  
• Reduced inventory carrying cost  
• Reduction in number of files  
• Reduction of overhead costs (to include cost of non-production/non capital 

equipment)  
• Productivity of people in support functions  
• Reduction in breakdown of office equipment  
• Reduction of customer complaints due to logistics  
• Reduction in expenses due to emergency dispatches/purchases  
• Reduced manpower  
• Clean and pleasant work environment.  

 
P Q C D S M in Office TPM 

P - Production output lost due to want of material, manpower, tools etc.  
 

Q - Mistakes in preparation of cheques, bills, invoices, payroll, customer 
returns/warranty attributable to BOPs, rejection/rework in BOP's/job work, office 
area rework.  

C - Buying cost/unit produced, cost of logistics - inbound/outbound, cost of carrying 
inventory, cost of communication, demurrage costs.  

 

D - Logistics losses (Delay in loading/unloading)  
• Delay in delivery due to any of the support functions  
• Delay in payments to suppliers  
• Delay in information  
S - Safety in material handling/stores/logistics, safety of soft and hard data.  

 

M - Number of kaizens in office areas.  
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Office TPM is also essential to make good relation with supplier and distributors. With 
suppliers it will lead to on-time delivery, improved 'in-coming' quality and cost reduction. 
With distributors it will lead to accurate demand generation, improved secondary 
distribution and reduction in damages during storage and handling.  
 
3.5.8 Pillar 8 - Safety, Health and Environment [9]  

This pillar facilitates the organization in achieving standard operating practices in the 
workplace, safe working environment, motivated employees; and pollution free, clean 
and green environment.    
 
Target 

• Zero accident,  
• Zero health damage  
• Zero fires.  

 
Steps 

• Employee should be aware that they are the important part of the organization as 
well as TPM can effectively contributes toward employee wellbeing and safety. 

• Necessary should be taken to eliminate unsafe condition and practices such as 
missing or broken belts, sharp corner, missing emergency stop devices, uneven or 
oils floors, inadequate lighting, congested place etc. 

• Maintenance means proper guarding, no exposed parts, minimum adjustment: it 
means the operator is protected. 

• Adequate training regarding safety should be imparted and awareness created 
amongst all employees against careless work attitudes and motivate to follow the 
safety norms 

• Employee should be provided adequate safety protection devices such as helmets, 
nose masks, safety shoes, hand gloves, safety goggles etc. 

• Implementation of safety promotional activities like: best safety Kaizen, Safety 
slogan; safety poster, essay. 

•  The organization should endeavor to tackle abnormal working conditions and 
ensuring a safe, hygienic working environment to all concerned in the 
organization.  

 
3.6 TPM improvement Plan 
TPM uses an integrated set of techniques as shown below in the three-cycle, nine step 
schematic. The implementation of this analysis is applied stepwise within improvement 
zones to refine production and maintenance best practice through practical application 
 
TPM improvement plan is very indispensable to achieve and sustain world-class levels of 
overall equipment effectiveness. In order to provide a precise and firm structure for the 
TPM process, WCS International has developed the nine-step TPM improvement plan, 
which has three distinct cycles: 
 



 

Production Engineering and Management, KTH 
 

                                 
Page - 45 -
  

• The measurement cycle assesses the present effectiveness of the equipment and 
provides a baseline for the measurement of future improvement. 

• The condition cycle, which establishes the present condition of the equipment 
and identifies the areas for improvement and future asset care. 

• The problem prevention cycle moves equipment effectiveness forward along the 
road to world-class performance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.6:  9 steps of TPM improvement plan 
 

3.6.1 Measurement cycle 

Step 1: Equipment history and performance record 
This is the essential prerequisite to the OEE calculation (Step 2) because it records the 
recent effectiveness of an equipment item. This forms a basis for the problem prevention 
cycle. This record includes:  
 

• data on equipment availability, performance and quality to enable OEE to be 
calculated; 
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• records of problems and breakdowns as a basis for problem solving and as 
evidence of improvements resulting from refurbishment and ongoing asset care; 

• measurements and records of pressure, noise, vibration and temperature to show 
up any adverse trends 

 
All of this information will have a direct bearing on the ongoing asset care and 
improvement program. 
 
Step 2: Overall Equipment Effectiveness (OEE) 
The OEE formula is at the heart of the TPM process. It is soundly based on measurable 
quantities and enables progress to be quantified as the organization embraces TPM with 
all its implications. OEE calculation makes out actual effectiveness and scope of 
improvement and that will help to develop into as the world Class Company.  
 
More details about Overall Equipment Effectiveness is described in chapter 4.  
 
Step 3:  Assessment of the big losses 
Figure 3.6.1 shows the different losses and figure 3.6.2 shows the losses as a fishbone 
cause and effect diagram. This formula is used by the TPM core team as a brainstorming 
tool to list all possible causes and reasons for each of the loss categories. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3.6.1: Major losses based on measurement difficulties and impact on profit 
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3.6.2 Condition cycle 

Step 4: Critical assessment 
The aim here is to assess the equipment production process and to agree the relative 
criticality of each element. This will enable priority to be allocated for the conditional 
appraisal, refurbishment, future asset care and improvement of those elements most likely 
to have an effect on overall equipment effectiveness. 
 
The important components and elements of the process, machine or equipment are 
identified. Each of these elements is assessed in terms of criteria such as the following: 
 

• Safety If this component was in poor condition or failed, what would be the 
impact on safety due to increased risk of injury? 

• Availability If this component was in poor condition or failed, what would be the 
impact on the availability of the equipment, including setup and the need for 
readjustment of equipment settings? 

• Performance What impact does this component have on the cycle time or 
processing capacity of the equipment when it is available to run? 

• Quality If this component were in poor condition or failed, what impact would it 
have on product quality at start-up and/or during normal production?  

• Reliability What impact does the frequency with which this component fails have 
on the overall criticality of the equipment? 

• Maintainability What impact does this component have on the ease of 
maintaining or repairing the equipment? 

• Environment If this component was in poor condition or failed, what would be the 
impact on the environment due to emissions, noise, fluid spills, dust, dirt, etc.? 
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Figure 3.6.2: Factors in overall equipment effectiveness  
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• Cost If this component was in poor condition or failed, what would be the impact 
on total cost, including repair and lost production? 

• Total The sum of the rankings for each component. 
 

Table 3.6.2(a): Critical Assessment Matrix 
 

CRITICAL ASSESSMENT 
Equipment 
description  

……………………………………………………………………
. 
1-3 ranking as impact on…. 

 Component  S A P Q R M E C Total 
1           
2           
3           
4           
5           
6           
7           

 
Where, S= safety    R= Reliability    1=No impact  
 A=Availability   M=Maintainability   2=Some impact  
 P=Performance   E=Environment   3= Significant impact 
 Q= Quality    C= Cost  
 
The significance of each of the criteria is assessed and allocated a score according to 
impact on the process: 1 = no impact, 2 = some impact, 3 = significant impact. 
 
The critical assessment matrix provides the basis for understanding not just the most 
critical components but also those which contribute to special loss areas. For example, 
high scores on S, M and R indicate components which have a high impact on safety, are 
unreliable and difficult to maintain. A score of 6 or above on these three is an accident 
waiting to happen. 
 
Other useful subsets include: 

• Overall equipment effectiveness  A, P and Q 
• Ease of use     P, Q and R 
• Maintainability    M, C and R 
• Environmental risk     E, M and R 
• Reliability      A, P and R 

 
Step 5: Condition appraisals 

The key point of the condition appraisal is to put each square centimeter of the equipment 
under the microscope and assess whether its condition is ‘as new’ or ’as required’. Make 
sure also that you look inside the machine, so remove all panels. This is not just a broad, 
superficial look - on the contrary, it is being obsessive about attention to detail. 
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Each heading will have been subdivided as necessary: for example, the electrical section 
may contain power supply, control panels, motors and lighting. An example of the 
outcome of a condition appraisal study is shown below: 
 
Table 3.6.2.(b): Appraisal sheet 
 
Under each of the subdivisions of the equipment being studied, four categories should be 

established: 
• Satisfactory 
• Broken down 
• Needs attention now 
• Needs attention later 

Step 6: Refurbishment 

Machine description  
Asset no.: 
Year of Purchase  
 

Appraisal date and signature  
 

Item no  

N
/A

 

Sa
tis

fa
ct

or
y 

 

B
ro

ke
n 

do
w

n 

N
ee

d 
at

te
nt

io
n 

no
w

  
N

ee
d 

at
te

nt
io

n 
la

te
r  

1 Electrical       
 A-Power supply to machine   X    
 B-panel     X  
 C-Control     X  
 D-Control circuit     X  
 E-Motors    X  
 F-Machine Lighting X     
 G-Trunking     X  
2 Mechanical       
 A- Spindle housing/Gearbox    X  
       -Seals      X 
       -Bearings      X 
       -Gears  X    
 B- Slide ways/tables    X  
      -Work piece holder    X  
      -Tool holder     X 
 C- Screws/ rams/shaft X     
 D- Pneumatic      X 
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The objective of the refurbishment program is to set up a repair and replacement plan, 
based on the condition appraisal, and indicating the resources needed. Getting the 
equipment back to an acceptable level is a prerequisite to the pursuit of ideal conditions. 
 
The plan will provide a detailed summary of actions to be co-coordinated by the team, 
which is shown in table: 
 
Table 3.6.2(c): Chart for refurbishment  
 

Division/
Unit    

Operation/ 
Activities  

Estimated 
cost based 
on resource 
cost 

Responsib
ility  

Completion 
date 

Progress 

      
      
      
      
      
      

 
Step 7: Asset care 
In the world-class manufacturing companies there is one common denominator: a firm 
conviction that their major assets are their machines, equipment and processes, together 
with the people who operate and maintain them. The managers of these companies also 
recognize a simple fact: it is the same people and equipment that are the true wealth 
creators of the enterprise. TPM is about asset care, which has a much more embracing 
meaning than the word ’maintenance’. 
 
If we look at the pie chart below, there are enormous scopes of application of TPM asset 
care for moving from unsatisfactory to satisfactory maintenance of the UK and EU 
companies.   
 
 
 
 
 
 
 
 
 
 
  
 

UnSatisfactory Maintenance Practice

Break Down 
79%

Predictive
4%

Preventive
17%

Satisfactory Maintenance Practice

Break Down 
40%

Predictive
10%

Preventive
50%

Figure 3.6.2: UK type of maintenance. Source: works management, July 1991 
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Asset care has to become an integral part of the total organization so that everyone is 
aware of, and involved in, the maintenance function. The end result is that breakdowns 
become a positive embarrassment and are not allowed to occur.  
 
Asset care covers three interrelated issues combining autonomous maintenance and 
planned preventive maintenance. According to Peter Willmott and Dennis McCarthy that 
effective asset care can detect 80 per cent of potential component failures and stabilize 
the life span of the remaining 20 per cent. 
 
Operator asset care (autonomous maintenance) 
As operators become more closely involved in getting the very best from their machines, 
they move through eight steps towards autonomous or self-directed maintenance: 
 
As eight steps of AM are taken, over an agreed and achievable timetable, operators will 
develop straightforward common-sense skills which enable them to play a full part in 
ensuring optimum availability of machines. At no stage should they attempt work beyond 
the limits of their skills: their maintenance colleagues are there for that purpose. 
 
Maintainer asset care  
In parallel with the operator asset care steps, maintenance best practice development 
supports the stepwise implementation.  
 

• Refurbish critical equipment and establish back-up strategies for software/ 
systems. 

• Contain accelerated deterioration and develop countermeasures to common 
problems. Establish correct parameter settings. 

• Set condition monitoring and routine servicing standards to improve response 
times and reduce sporadic failures. 

• Use event analyses to fine-tune asset care delivery towards zero breakdowns. 
• Routine restoration of normal wear to stabilize component life. Hand over routine 

maintenance to operators. 
• Use senses to detect internal deterioration. 
• To extend component life and improve equipment life prediction. 

 
Role of Management in Asset care 
The pace of progress through these stages is directly related to the priority which 
management assigns to it. To simplify this effect, TPM identifies clear management 
roles. These roles, known as pillar champions, provide leadership in terms of: 

• setting priorities (where to start, what next?) 
• setting expectations (work standards to be applied consistently) 
• giving recognition (reinforce values) 

 
Asset care is, therefore, the engine-room of continuous improvement, providing: 

• evidence of change 
• increased understanding and ownership of equipment 
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• problem-finding resources 
• a mechanism for locking in gains and problem prevention 
• a means of reinforcing expectations and raising standards 
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Figure3.6.2(b): Breakdown of asset care for Hydraulic maintenance  
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Figure 3.6.2(a): Major component of milling machine  
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3.6.3 Problem Prevention Cycle 

Step 8:  Best practice routines 
Following the restoration of equipment and development of asset care, the next step 
brings together all of the practices developed for operating, maintaining and supporting 
the equipment, which are then standardized as the best practice routine across all shifts. 
 
Figure below summarizes the relationship between standard operation, techniques for 
asset care and the right tools, spares, facilities and equipment. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.6.3 (a): relationship between standard operations, best techniques and right 
tools 
  
Standard operation ensures: 

• reduced chance of error and risk 
• removal of performance irregularity 
• elimination of poor operation as a cause of problem 
• simplified training within and between shifts 

 
Step 9: Problem solving 

There are different methods to solve the problem. Few of them are described here:  
 

P-M analysis  
P-M, P stand for physical and phenomena while M stands for the four sources of machine 
conditions: Man, Method, Material and Machine. In seeking to solve the problems which 
lie behind the six big losses, TPM uses P-M analysis to address problems with 
mechanisms. This emphasizes the machine/human interface: there are phenomena which 
are physical, which cause problems which can be prevented; these are to do with 
materials, machines, methods and manpower.  

 
 

Best techniques 
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Operation 
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These problems may have a single cause, multiple causes or a complex combination of 
causes. P-M analysis is concerned with pinpointing the causes, taking countermeasures 
and evolving best practice routines so that the problems are dealt with once and for all 
and fed back into an improved OEE.  
 
The following steps [10] are used to  

• Step 1: Identify all the factors at the machine- hardware and other conditions that 
can possibly affect the failures. 

• Step 2: Define the optimal condition for each of these factors  
• Step 3: Compare the actual conditions of these factors to their optimal conditions. 

Restore all abnormalities found.  
• Step 4: Create maintenance and training plans to keep these condition at their 

optimal point. 
• Step 5: Create a restoration maintenance schedule to replace parts as they 

approach the end of their lives.  
 
On-the-job reality   
This approach recognizes practical on-the-job steps as follows: 

• Cleaning is inspections Operators are encouraged to look for opportunities to 
reduce accelerated deterioration and improve equipment design. 

• Detect problems and opportunities Work with the team to systematically review 
problems and opportunities to achieve target performance: 
 Adopt a multi-stage approach 
 Make all aware of the problem and the opportunity 
 Observe the current situation and record 
 Define the problem and the conditions under which it occurs 
 Develop the optimum solution progressively 
 Try out new ideas first and check the results 
 Apply proven low-cost or no-cost solutions first 
 Implement ideas as soon as possible and refine quickly 
 Standardize best practice with all those involved 
 Monitor and review 

 

Event review 
For sporadic losses, the event review provides a simple way of trapping information, 
problem solving and developing countermeasures.  
 
Table 3.6.3(a): Event review chart 
 

Reference:  
S/l. No. Why/failure Reasons   Note/Potential 

counter measures 
    
    
    
Proposed counter measures to prevent 
reoccurrence  

Status  
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It is designed to promote post-event discussion between operators and maintainers. It also 
uses status wheels to report progress and provide a record to review the event of 
reoccurrence. 
 
Recurring problems 
In order to resolve problems and prevent recurrence, knowledge and understanding is the 
key to training operators to be equipment-conscious. Set-up and adjustment are so 
important in the drive towards reduced losses, better equipment effectiveness and 
ultimately world-class manufacture. A structured approach is necessary to reduce the breakdown 
and other losses. This approach will reduce higher set-up time, adjustment time, vibration, leakage etc. 
 
Table 3.6.3(b): Factors in reduction of set-up and adjustment time 
 

External set-up 
Preparations 
 

• Tools (types, quantities) 
• Locations  
• Position  
• Workplace organization and 

housekeeping  
• Preparation procedure 

• Don’t search  
• Don’t move 
• Don’t use 

 
 

Preparation of 
ancillary 

• Check jigs 
• Measuring instruments equipment  
• Presetting 

 

Internal set-up 
 

• Standardize work procedures 
• Allocate work 
• Evaluate effectiveness of work 
• Parallel operations 
• Simplify work 
• Number of personnel 
• Assembly /integration 
• Elimination 

• Eliminate 
redundant      
procedures 

• Reduce basic 
operation 

 

Dies and jigs 
 

• Clamping methods  
• Reduce number of clamping parts 
• Shapes of dies and jigs: consider 

mechanisms 
• Use intermediary jigs 
• Standardize dies and jigs 
• Use common dies and jigs 
• Reduce Weight 
• Separate functions and methods 
• Interchangeability

• Make it easy 

Adjustment • Precision of jigs 
• Precision of equipment 
• Set reference surfaces 
• Measurement methods 
• Simplification methods 
• Standardize adjustment procedures 
• Quantification 
• Selection 
• Use gauges 
• Separate out interdependent adjustments 
• Optimize conditions 
 

• Eliminate 
adjustment 
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PDCA Cycle:  
The PDCA Cycle is a checklist of the four stages which you must go through to get from 
`problem-faced' to `problem solved' [11]. Use the PDCA Cycle to coordinate your 
continuous improvement efforts. It both emphasizes and demonstrates that improvement 
programs must start with careful planning, must result in effective action, and must move 
on again to careful planning in a continuous cycle. This tool can be used for the 
implementation of TPM the company. The four stages are Plan-Do-Check-Act, and they 
are carried out in the cycle illustrated below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure3.6.3(b):  PDCA Cycle for TPM implementation 
 

Whys 
The 5 Whys is a questions-asking method used to explore the cause/effect relationships 
underlying a particular problem. Ultimately, the goal of applying the 5 Whys method is to 
determine a root cause of a defect or problem. 
 
Progress through these levels should be directed by asking: 
 

1. Why don’t we know the true consequences of failure (both obvious and hidden)? 
2. Why does this part of the process not work as it is meant to? 
3. Why can’t we improve the reliability? 
4. Why don’t we have the skills to set the optimal conditions for the process? 
5. Why can’t we maintain and progressively improve our technology to maintain 

those optimal conditions for longer? 
 
An example is taken from a machine number 360 
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1. Why is the fan busted? Because it’s overheating. 
2. Why is it overheating? Because the air flow is insufficient. 
3. Why is the air flow insufficient? Because the filter is blocked. 
4. Why is the filter blocked? Because nobody cleans it. 
5. Why isn’t it cleaned? Because we didn’t appreciate the importance of daily asset 

care - apple-a-day routines!! 
 
The answer to all these questions is usually ‘We don’t know’ because the shop floor 
workforce have not been given the time, inclination and encouragement to find the 
answers. TPM gives the necessary time and motivation to do so. 
 
3.7 TPM Implementation Route  
Unique and structured step-by-step approach which is illustrated in figure 3.7.2. It 
introduces TPM principles, philosophy and practicalities into the company. It is a journey 
which comprises:  

• Securing management commitment; 
• Trialing and proving the TPM route as part of the policy development; 
• Deployment of that policy through four milestones based on geographic 

improvement zones. 
 
Typical timescales shown will, of course, vary according to the size of the operations, the 
amount of resources that is committed and the pace at which change can be initiated and 
absorbed. Thorough planning is an essential forerunner for successful implementation. 
 
3.7.1 Secure management commitment 

Securing the necessary management commitment comprises three main elements: 
 
Senior management workshop 
The objectives of the management workshop are essentially to set and agree: 

• how TPM will fit with the business drivers and other initiatives; 
• how TPM needs to be 'positioned' for the site; 
• a management control system for the total program; 
• the TPM vision for the company/site/plant. 

 
Plant-specific scoping study 
This describes the objectives of the plant, or site-specific scoping study, which is the 
essential tailoring of the implementation plan for the particular site. As indicated, this 
scoping study is carried out over a two to four week period, culminating in a local 
management review session to gain buying and commitment to the specific program and 
as the launch-pad for implementation. 
 
Four-day hands-on workshop 
The final stage of securing the necessary management commitment is a four-day hands-
on TPM workshop carried out on 'live' equipment in the host plant. The delegates will 
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comprise a cross-section of senior management, potential TPM facilitators, union 
representatives (if appropriate) and some key operators and maintainers. 
 
3.7.2 Trial and prove the route 

This is the key phase for moving the TPM process from ‘Strategic Intent’ to ’Making it 
Happen’, concentrating on focused improvements on the pilots using WCS’s unique nine-
step TPM improvement plan and getting everyone involved via the plant clear and clean 
activities of the 5S/CAN DO philosophy. This phase also includes setting up the TPM 
infrastructure, including the Steering Group, TPM facilitator and the TPM pillar 
champions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.7.2: Typical TPM implementation process 
 

3.7.3 Milestones 1 to 4 of the roll-out process 

The roll-out builds on experience gained during the pilot process to ensure that the four 
development milestones of Introduction, Refine best practice and standardize, Build 
capability and Strive for zero losses become a reality, so that TPM becomes a ‘way of 
life’.  
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Origin and Theory: Lean concept came into existence at Toyota Company during the 
1930s and mainly after the Second World War. After understanding and using the 
concept, they started to develop and improve it and defined Toyota Production System 
which focuses on elimination of wastes like waste in time as well as resources. TPS is the 
base of what is known as Lean now. TPM also originated at Toyota but was introduced 
during the 1970s. Toyota developed the American concept, PM, with focus on Total 
Employees Participation. That is how Total was added to PM and formed TPM. 
Production loss is in contrast with right quality, reasonable cost and right time. In this 
way, Reliable equipment is needed. 
 
Process view and approach: Lean is a discipline that focuses on process speed and 
efficiency, or the flow, in order to increase the customer value. In Lean, manufacturing 
improvements are mainly in the form of projects, which are performed by project groups. 
TPM can also be considered as an improvement project with the aim of decreasing 
process delays, involving operators and maintenance teams (teamwork). 
 
Methodology: Principles of Lean and TPM show the way to reach their objectives. 
Lean principles understand customer value, value stream, analysis, flow, pull, perfection. 
TPM principles are OEE improvement, front line asset care as part of the job, systematic 
approach toward maintenance, continuous & appropriate training, and early equipment 
management. 
 
If TPM is regarded as a tool for Lean, its principles should support and help Lean 
principles. In this way, OEE is a part of Lean analysis; also, OEE improvement has a 
positive effect on Flow and Perfection. Front line asset care affects Flow and Perfection. 
Systematic approach toward maintenance serves Lean principles like Flow and 
Perfection. Continuous and appropriate training helps in understanding customer value by 
providing external or internal customers with fewer defective products and positively 
affects Flow and Perfection. Finally, early equipment management facilitates Flow and 
Perfection. 
 
Tools: Unlike Six Sigma (6σ), whose tools are statistical in order to eliminate source of 
variation, Lean tools are of analytical type. They help reduce and eliminate waste. TPM 
doesn’t have tools like those of Lean but it has some pillars that work in a variety of 
fields like autonomous maintenance, planned maintenance, Kaizen, Quality maintenance, 
Office TPM, Training and Health, safety &Environment. Some measuring factors like 
OEE exist in order to see how much TPM implementation is successful. 
 
Effects: Lead time reduction is the main objective of Lean which ultimately results in 
customer satisfaction as a secondary effect. After Lean implementation, we can also see 
other secondary effects and changes like a productivity increase and a reduction in 
inventory. The primary effect of TPM is a decrease in loading time, which is “Total 
possible time – Scheduled non-production time”. This effect positively influences the 
Availability factor for machines and OEE respectively. More Reliability and efficiency of 
the equipments as well as a Productivity increase could be achieved as secondary effect. 
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Criticism: the main criticism against Lean is the lack of flexibility the concept offers [12]. 
In addition, the concept actually can lead to delays for the customers. It is a question 
among the theorists whether Lean, which was developed for manufacturing and 
distribution situations, is applicable in all industries [13]. TPM needs a long time to be 
fully implemented. This time includes times for introduction, training, making TPM 
groups and implementation. TPM tries to increase the margin of companies by increasing 
the productivity. It only makes the operators and staff maintain equipments without 
considering the working on their attitudes and trying to encourage them to take 
responsibility and feel the ownership of equipments. 
 

Table 3.8: Lean and TPM comparison [14] 
 

Concepts Lean  TPM  

Origin  Quality evaluation, Toyota , 
1940s  

Toyota , 1970  

Theory  Removes waste  Remove production losses  

Objective  Reliable processes  
Zero breakdowns & continuous 
improvement in equipment optimization 

Process view  Improve flow in processes  Decrease process delays  

Approach  Project management  
Team working and employees 
involvement  

Methodology  
Understanding customer value, 
value stream , analysis, flow, 
pull, perfection  

OEE improvement, Front line asset care 
as part of the job, Systematic approach 
toward maintenance, Continuous & 
appropriate training, Early equipment 
management  

Tools(Method
s)  Analytical tools  Pillars including methods like TBM, 

CBM, RCM, etc.  
Primary 
effects  

Reduces lead time  Decreases loading time in process  

Secondary 
effects  

Reduces inventory, increases 
productivity and customer 
satisfaction  

Increases reliability and efficiency of 
equipment as well as total productivity  

Criticism  

Reduces flexibility, causes 
congestion in the supply chain 
,Lean culture takes a long time 
to be totally accepted  

TPM implementation is a long term 
process -TPM mostly focuses on 
company margins  

 
3.9 Similarities between TQM and TPM: 
The TPM program closely resembles the popular Total Quality Management (TQM) 
program. Many of the tools such as employee empowerment, benchmarking, 
documentation, etc. used in TQM are used to implement and optimize TPM. Following 
are the similarities between the two.  
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• Total commitment to the program by upper level management is required in both 
programmes  

• Employees must be empowered to initiate corrective action, and  
• A long range outlook must be accepted as TPM may take a year or more to 

implement and is an on-going process. Changes in employee mind-set toward 
their job responsibilities must take place as well.  

 

3.10 Conclusion 
Today, with competition in industry at an all time high, TPM may be the only thing that 
stands between success and total failure for some companies. It has been proven to be a 
program that works. It can be adapted to work not only in industrial plants, but in 
construction, building maintenance, transportation, and in a variety of other situations. 
Employees must be educated and convinced that TPM is not just another "program of the 
month" and that management is totally committed to the program and the extended time 
frame necessary for full implementation. If everyone involved in a TPM program does 
his or her part, an unusually high rate of return compared to resources invested may be 
expected. 
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4.1 Purpose  
The proposed tactic represents an efficient way to evaluate the maintenance performance 
as well as to choose better maintenance policies and practices in order to reduce costs and 
increase maintenance key performance indicators-failure rates, reliability, mean time 
between failures, mean time to repair, and equipment availability (OEE, OLE)[1]. 
 
4.2 Design/Methodology/Approach 
In order to implement the asset effectiveness optimization (AEO) as well as the overall 
equipment effectiveness (OEE), improving productivity in a complex manufacturing 
plant [1], the thesis present a theoretical and experimental study related to total productive 
maintenance (TPM) associated with the equipment used in production tasks.  
 
4.3 Overall Equipment Effectiveness  

In an ideal factory, equipment would operate 100 percent of the time at 100 percent 
capacity, with an output of 100 percent good quality. In real life, however, this situation 
is rare. 
 
The difference between the ideal and the actual situation is due to losses. Equipment 
operators face the results of these losses on a daily basis. TPM gives them the tools to 
identify the losses and make improvements. Calculating the overall equipment 
effectiveness (OEE) rate is a crucial element of any serious commitment to reduce 
equipment- and process-related wastes through total productive maintenance (TPM) and 
other lean manufacturing methods like Operational Excellence, Six Sigma or World Class 
Manufacturing. 
 
4.4 Six Big Losses 

These six big losses are grouped in three major categories: downtime, speed losses, and 
defect losses 
 
Table 4.4 : The Six big losses  
 
 

Serial Number Loss Categories The Six Big Losses 
1 Downtime 

(lost availability) 
Equipment failures 
Setup and adjustments 

2 Speed losses 
(lost performance) 

Idling and minor stoppages 
Reduced speed operation 

3 Defect losses 
(lost quality)  

 Scrap and rework 
Start-up losses 

 
Looking at machine operation, we distinguish six types of waste we refer to as losses, 
because they reflect lost effectiveness of the equipment 
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4.4.1 Downtime 

Downtime refers to time when the machine should be running, but it’s idle. Downtime 
includes two main types of loss: equipment failures, and setup & adjustments. 
 
Equipment Failures 
A sudden and unexpected machine breakdown or failure results in loss of production time 
since an equipment failure means that the machine is not producing any output. The 
cause of the malfunction may be technical as well as organizational (e.g. operational 
error, poor maintenance). OEE registers the way the breakdown manifests itself.  
 
Setup and Adjustments 
Setup and adjustments can be divided into waiting and line restraint. 
 
Waiting  
Waiting Production time is also lost when the machine is waiting. The machine can be 
waiting for many reasons, e.g. because of a changeover, maintenance or lunch break. In 
case of a changeover, the machine usually has to be shut down for some time in order to 
change tools, dies, or other parts. SMED (Single Minute Exchange of Die) defines the 
changeover time as the time between the last good product of the previous series and the 
first good product of the new series. For the OEE, the changeover time is the time when 
the machine does not generate any products. 
 
Line restraint 
Waiting due to supply and transport (conveyor) problems in a production line or series of 
linked manufacturing processes is classified as a specific type of waiting: the line 
restraint. Because stoppages in this category originated somewhere in the production line 
and not in the machine itself, this category of loss of effectiveness can be left out of the 
OEE measurement of the machine. 
 
4.4.2 Speed Losses 

A speed loss means that the equipment is running, but it is not running at its maximum 
designed speed. Speed losses include two main types of loss: idling and minor stoppages, 
and reduced speed operation.  

 
Idling and Minor Stoppages 
When a machine is not running smoothly and at a stable speed, it will lose speed and 
obstruct a smooth flow. These minor stoppages and the subsequent loss of speed are 
generally caused by small problems, such as products blocking sensors or getting stuck in 
the conveyor belts. These frequent hitches can drastically diminish the machine’s 
effectiveness. Although the operator can easily correct such problems when they occur, 
the frequent halts can dramatically reduce the effectiveness of the equipment.  

Note: In theory minor stoppages are a type of time loss. However, being very short 
(usually shorter than 5 minutes) they are not registered as a time loss 
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Reduced Speed Operation 
Reduced speed is the difference between the actual set speed and the theoretical or design 
speed (also known as the Name Plate Capacity). There is often a considerable difference 
between what people think the maximum speed is and the theoretical maximum speed. In 
many cases, the production speed has been optimized in order to prevent other losses 
such as quality rejects and breakdowns. Losses due to reduced speed are, therefore, often 
ignored or underestimated. 
 
4.4 3 Defect Losses 

A defect loss means that the equipment is producing products that do not fully meet the 
specified quality characteristics. Defect losses include two major types of loss: scrap and 
rework, and startup losses.  
 
Scrap  
Loss occurs when products do not meet quality specifications, even if they can be 
reworked to correct the problem. The goal should be zero defects —to make the product 
right the first time and every time. 

 
Startup Losses 
A specific type of quality loss is the start-up losses. These losses occur when:  

• upon starting-up the machine, the production is not stable right away and the first 
products do not meet the specifications; 

• the production at the end of a production run is no longer stable and the products 
no longer meet the specifications; 

• A number of products are no longer counted as part of the production order and, 
consequently, are considered as a loss. 

These are usually hidden losses, which are often considered to be unavoidable. The scale 
of these losses can be surprisingly large. 

 
Rework 
Rework products are also products that do not meet the quality specifications first time, 
but can be reprocessed into good products. At first sight reworking products does not 
seem to be such a bad thing, for you can still sell the product at the normal price. 
However, the product was not right first time and is therefore a quality loss just like 
scrap. 
 
4.5 The OEE Formula 
The Six Big Losses are divided into three categories of machine related losses: the 
availability, the performance, and the quality. These are also the main elements for 
determining the OEE. 
 
The product of these three factors equals the OEE value:  
 



 

Production Engineering and Management, KTH 
 

                                 
Page - 67 - 

OEE = availability rate x performance rate x quality rate (%) 
 
If there are no losses the OEE is 100% (the ideal machine) 
 
The table below contains the elements of this formula.  
Element definitions: 
 
 The availability rate is the time that the machine is actually producing products, 
compared to the time that it could have been producing products. 
Less than 100% availability rate indicates time loss: breakdowns, waiting and line 
restraints.  
 
The performance rate is the Net production time to the running time (expected output 
given the theoretical maximum speed of the machine and the actual production time.) 
Less than 100% performance rate indicates speed loss: minor stoppages and reduced 
speed  
 
The quality rate is the good output (amount of good products) compared to the actual 
output. Less than 100% quality rate indicates quality loss: scrap and rework, and start-up 
losses. 
 
4.6 OEE Calculation worksheet 
 

   Quantity Units  
Production 
Time 

 Total operations time 
(Often 480 minutes per shift) 

 minutes 

 Unscheduled time (no 
personnel available, no orders, 
no machine required, etc.) 

 minutes 

A Loading time  minutes 
Availability B Time loss (breakdowns, 

waiting, changeover, line 
restraints, breaks) 

 minutes 

C Running time (A-B)  minutes 
  Availability rate (C/A x 100)  % 
Performance D Speed loss(WIP starvation, 

idle without operator, speed 
loss, other time) 

 minutes 

 E Net Production time  (C-D)  minutes 
  Performance rate (E/C x 100)  % 
Quality F Actual output   units 
  Quality losses (scrap, rework)  units 
 G Good output  units 
  Quality rate (G/F x 100)  % 
OEE = Availability x Performance x Quality = % 
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4.7 OEE Calculation based on Time diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.8 OEE in Relation to TPM (The Goal and Benefits of OEE 
Measurement) 

4.8.1 Focus on losses  
The OEE provides information about the effectiveness level of a specific machine or line. 
Besides, relating the effectiveness to the absolute maximum with regard to availability, 
speed, and quality, renders a wealth of information about the losses and/or potential for 
improvement.  
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As long as the daily production process does not correspond to the ideal situation it is 
necessary to show the deviations and to search for a way to eliminate them. 
Getting a clear picture of the Six Big Losses – the difference between the ideal and actual 
– is the first step towards improvement. By using a standardized methodology for 
measuring the Six Big Losses, direct and specific attention can be paid to eliminating the 
losses which are no longer acceptable. 
 
4.8.2 Uncovering the hidden potential 
Most sectors of industry use measurement methods for their production machinery. 
Quantities such as available time, units produced, and sometimes even the production 
speed are measured. These figures are useful tools for those who want to know what the 
output of the machine is.  TPM works differently; it does not only want to know what the 
output of the machine is, but also what could have been produced. This is the reason why 
hidden losses are being searched for. 
 
4.8.3 Objective of OEE 
Measuring Overall Equipment Effectiveness is a simple but powerful measuring tool for 
obtaining information about what actually happens. It helps operators with documenting 
machine performances and initiates desired behavior, namely eliminating losses. 
 
4.8.4 Result of OEE 
The OEE calculation is a measurement that generates daily information regarding the 
level of effectiveness of a machine. In addition, it tells us which of the Six Big Losses 
need to be addressed. OEE is not the only indicator with which the performance of the 
production system can be measured. Nevertheless, it is an important instrument for 
making specific improvements while setting the right priorities. 
 
4.8.5 One figure connects the parameters 
By multiplying the three components by one another, the OEE calculation generates one 
figure that reflects the actual performance of the equipment. This figure is a ratio between 
the actual good output and the theoretical output of the time span considered (usually one 
shift). 
 
4.8.6 Involvement of production team 
The effectiveness of a machine affects first of all the employees on the shop floor. 
Therefore, they are the ones that have to be involved in determining the OEE and in the 
planning and implementation of improvements for the machine in order to continuously 
reduce the loss of effectiveness. 
 
4.8.7 Effect on the operator 
By carrying out daily measurements the operator will:  

• become more familiar with the technical aspects of the machine and the way it 
processes materials; 

• focus his attention on the losses; 
• Start having a stronger sense of ownership of the machine. 
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4.8.8 Effect on the supervisor 
By working with the OEE data the supervisor will  

• learn the basics about the way the machine processes materials; 
• be able to conduct specific research as to where losses occur and what the 

consequences are; 
• be able to give the correct feedback to operators and other employees who are 

involved in the improvement of the machine; 
• be able to keep his managers informed about the state of the machine and the 

results of the improvements. 

4.8.9 Quality of the information 
Once it has become clear that the OEE cannot be fooled, the quality of the available 
information will improve. This, in combination with implementing specific 
improvements instead of looking for the culprit, provides an ideal breeding ground for 
creating an environment of continuous improvement. 
 
At present, in the modern manufacturing plants the increasing of the productivity, that is 
the Asset Effectiveness Optimization AEO as well as the Overall Equipment 
Effectiveness OEE, is the direct associated with both maintenance policies and models 
used.  
 
Therefore, the industrial maintenance service is the most appropriate way for Both Asset 
Effectiveness Optimization AEO and Overall Equipment Effectiveness OEE, as well as 
for Overall Line Effectiveness OLE [3], [4]. 
 
4.9 Overall equipment effectiveness and the TPM vision 
Implementing TPM means striving toward a vision of the ideal manufacturing situation, a 
vision that encompasses zero breakdowns, zero abnormalities, zero defects and  zero 
accidents. The path to this ideal situation is a process of continuous improvement that 
requires the total commitment of everyone in the company, from operators to top 
management. 
 
In the West, the measure of whether an improvement process is succeeding often rests on 
the ultimate result of the process: the money it makes or loses. This seems rational, since 
making money is the ultimate goal of industry. The financial bottom line, however, 
provides little or no information about what is actually going on within the process; thus 
it gives little real feedback and focus to the things we actually need to do to improve the 
process. 

If there is a gap between our daily process and the ideal situation, it makes sense to focus 
on this gap and look for ways to eliminate it. 

4.10 Result 
Overall equipement effectiveness calculations for three machines are shown below; those 
are quite low compared to standard OEE that is 85%. Only few modification and change 
of practice can change those OEE to 70% - 80%.  
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Average OEE of Machine 260 55.88% 
Average OEE of Machine 270 39.18% 
Average OEE of Machine 360 48.32% 

 
OEE values can easily be improved by:  

• Trained and motivated workers  
• Reduced time for part searching. 
• Efficient program making  
• Shorter setup time 
• Access to drawings and calibrated measuring equipment. 

 
It is to be noted that in chapter five some suggestions and scope of improvement are 
shown to reduce the time losses due to the above reasons. 
 
4.11 Limitation/ Implication 

Further study should conduct to implement the proposed maintenance policy for different 
equipments/machines and measurement of performance indicators should take to 
compare the result with previous values to get the world class performance. The original 
RCM concept is modified to OEE in order to better fit the specific requirements in terms 
of technical and organizational requirements of the company [2]. 

4.12 Conclusion 
Overall equipment effectiveness, or OEE, offers a simple but powerful measurement tool 
to get inside information on what is actually happening. 

The OEE calculation is a metric that gives us daily information about how effectively the 
machine is running and which of the six big losses we need to improve. Overall 
equipment effectiveness is not the only indicator to assess a production system, but it is 
certainly very important if our goal is improvement. 
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Introduction:  
It is observed that the condition can be improved with a change in the existing design. 
Therefore, some necessary changes were recommended and the machine jigs/fixtures 
were re-designed. This chapter demonstrates different work center analysis and their 
potential scope of development which can protect from big time losses. 
 

5.1 Sawing machine  
5.1.1 Analysis 

• The workers do not have any target quantity. 
• One person operates two machines at the same time. 
• They want more people to help out in carrying the cutting parts. 
• Sometime the workers of the sawing machine have to go to the storage and 

arrange the pipes and raw materials. 
• When one operator is working with two machines, he might forget to operate one 

of the machines while the other one is being operated. 
• One machine is semi-automatic and other one is fully manual. 

 
5.1.2 Potential Scope of Improvement 

• Use one operator in one machine. 
• Successful implementation of Office TPM (section 3.5.7) can reduce time losses 

for want of materials.  
• Promotional skim can increase the productivity. If a person in a particular 

machine can produce a standard quantity, he could be awarded the best employee. 
This award can be given monthly/quarterly/every six months/yearly. 

• Measure how long it takes to set up the machine so that not much time is taken to 
set it up. 

• Both sawing machines could be made automatic so that one machine is not 
always still when the operator goes to the other machine and waits for last parts to 
cut. 

 

It is shown in the picture (below) that a sensor can be introduced at the place where they 
have already used a device to measure the length. When the pipes will hit the sensor it 
will get a signal and sawing machine will start to cut.  
 
 
 
 
 
 
 
 
 
 
Figure 5.1.1: Automatic Sawing machine with feedback control system 

Sensor 

Feed back 
from sensor

Pipe  
Sawing 
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• Two machines could be placed side by side, not far apart; so that the operator will 
not have to wait for last parts to cut. They can work with the machines 
simultaneously. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1.2: Picture indicates efficient placement of sawing machines to reduce time 
loss  
 

5.2 Robot cells 

5.2.1 Analysis 

• All the time it is found that maintenance is done after the breakdown, i.e. 
corrective or breakdown maintenance. 

• Fluids are on the floor due to leakage of tank or pipe line which occurs because of 
the lack of maintenance.  

• Chips carrier does not work properly. 
• Most of the workers know how to operate the program because they have done it 

before but they do not have any interest in learning how to make the program for 
robot cell3 or some critical parts. 

• They seek for help from others who are experts at it. 
 

5.2.1 Potential scope of improvement 

• Apply Autonomous maintenance (section 3.5.2) and Planned Maintenance 
(section 3.5.4) to reduce break down and leakage. 
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• According to the workers, if one operator works in a single cell then it’s possible 
to increase the production up to 20%. It’s not possible for two operators to do all 
work in the three cells.  

• Try to avoid/reduce painting work in robot cells. They don’t feel comfortable to 
do painting work. 

• When I proposed them for a new program, unfortunately they did not agree 
because they would not be able to learn something new in a short time period. It is 
better for the company to provide them the part drawings a few days before the 
scheduled date so that they can learn it before starting it.   

• Workers could think about what jobs need to be done next while doing the current 
job. 

• In production of sequence card production supervisor could plan the production 
card in such a way that all three machines will be utilized. I saw two turning 
machines are active but there is no part for milling machine. So production 
supervisor can assign some parts from next week that needs milling operations 
though those parts are not scheduled for current week. 

 
 
 
 
 
 
 
 
 
 
Figure 5.2: Location of different machines in robot cells and their states  
 
5.3 Utilization of Robot cell 3 
It’s found that most of the time robot cell 3 is idle due to error and lack of trained 
operators. Machines that have robot cell 3 are capable of milling and turning operations 
in a single setup. These machines are faster than the other turning and milling machines. 
Better utilization of robot cell 3 might bring more benefits for the company. If these 
machines are not able to operate using robots, they can be operated by a normal worker. 
Because machines number 260, 270 (turning machines) and 360 (milling machine) are 
the steering machine in the factory. The company has to operate these three machines for 
3 shifts. If they could utilize these machines that are in the robot cell 3, the capacity of the 
factory will be doubled and they could easily handle the work load as well as decrease the 
working from three shifts to two shifts. 
 
Try to utilize robot cell 3 and take into consideration the use of the robot. It is to be noted 
that the utilization of the robot is only 27%. So the robot can be used for other purposes. 
It could be utilized to pick, place, and arrange parts after sawing or in another milling, 
lathe (260) machine or setting up parts in friction welding machine.  
 

Milling 

Turning Turning  

Idle  

Running Running 
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5.4 Concept of Maintenance among the employees 

5.4.1 Analysis  

• Maintenance is not well practiced in the company. On Fridays, the workers just 
cleaned the chips inside the machines and mopped the floors to make it shiny but 
they did not check the lubrication. But most of time, they do not care about the 
other parts such as the tightening bolts, cleaning of other parts, use of lubrication 
and grease where necessary, checking fans, pressure indicators or different 
meters, etc. They only do maintenance work when the parts are broken down. 
There is a maintenance schedule in manager’s room but it is not fully followed. 
There is also a checklist which was maintained only until 2004.  

• Some operators are afraid about implementing lean manufacturing and total 
productive maintenance because they think those activities take too long time and 
need too many resources to employ. It is a common opinion among the operators 
that the company will not be equal to Scania, Volvo, Toyota and some renowned 
industries who are able to implement that production philosophy.  

 
5.4.2 Scope of Improvement 

• Let them know what maintenance is and its benefits. Train them according to 
section 3.5.6. Maintenance is a detailed procedure that defines manpower 
scheduling, equipment and tool control, quality control, reporting, cost control, 
inventory control, training, loss prevention, inspection and work status. According 
to "Principles of Controlled Maintenance Management", maintenance 
management applies management principles of organization, inventory, 
continuous inspection, planning, scheduling, and management analysis to ensure 
that a system performs designated functions economically, effectively and within 
the budget.  

• The management could motivate the workers to follow the maintenance chart and 
scheduled maintenance activities (planned maintenance activity 3.5.4). 

• Cleaning activities could be changed to another day of the week (Monday 
/Tuesday). 

• They can also clean the machines when they have time. 
• According to manager, there is a maintenance crew to maintain and check every 

machine parts which are possible to access. There is a maintenance schedule but 
they do not follow it. Because they are very busy with normal work. 

  
5.5 Friction welding machine (09/08/2010) 

5.5.1 Analysis  

• In friction welding machine, it takes a very long time to set it up. 
• For setting up the machine, they need different parts; small pipes and supporting 

materials for the pipe that will be welded. The supporting materials are placed in 
the shelf. But the right parts are not placed in the right place although the parts 
have numbers and different positions. They use measurement devices (using slid 
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calipers or screw gauge) rather than the numbers. They have to check at least 5-6 
parts before finding the desired part. 

 
5.5.2 Scope of Improvement 

a) Place the part in the right position. It could reduce the checking time and will be 
easy for others to find. Apply development management tools that are described in 
section 3.5.1 

 
b) In the friction welding machine, setup could be done in the right sequence. For 
example, the workers could changes the guide or support of pipes after taking the 
pipes on the stand. They need to screw up the guide from both sides as shown in the 
figure below. They have to do the job from one side and it’s very hard to reach and 
access. If it is done before taking the pipes, it would be easier and would save time. 

 
 
  
 

 
 

 
 
 
 
Figure 5.5.1: These pictures indicate that other settings could be done before placing 
the pipes on the stand in friction welding machines 
 

c) In the figure below, it is shown that in the existing system, the nut is fixed from the 
bottom of the stand and it’s not easy to access. It is better to make provisions for the 
nuts from the side to the top. It will help the workers to fix those from one position. 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.5.2: These pictures indicate that nut provisions could be made from side or 
top instead of bottom to get easy access. 

d) In the normal condition, workers use lifts or muscle pressure to move the stand. It 
makes the people tired and takes more time to move the stand. But they can do it 
easily if it’s moved by the rail. It will help to go along this guide rail and they will get 

Nut provision from top 

Nut provision from side 
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better positioning with less effort. It will reduce time for setting. Ensure safety, health 
and environment to get higher output which is mentioned in section 3.5.8. 

 
e) Use another worker (helper) to carry the things that have been done or that will be 
needed by the machine operator. 
 
f) Provide them better lifting equipments because they are the asset for the company. 
It will take longer time if they use big lifting device to fix the work piece into the 
machine. Better facility has ultimate impact on total productivity. 

 
 
 
 
 
  
 
 
 
Figure 5.5.3: These pictures indicate the using of wheel and guide rail to ease to set up  
 
5.5.3 Issue relating to maintenance of grinding section in friction 
welding 

Due to the poor maintenance (greasing or some kind of lubrication), the grinding machine 
is not possible to move although there is a rail beneath the machine. The workers have to 
force when they want to move it. This can be made easily if they use some kind of grease, 
lubrication oils, or they replace the problematic wheel.  
 
There is a dust collection opening/case which has broken in both of the friction welding 
machines but no one cares. It will create problem for the employee’s health. The workers 
have to clean the floor so frequently.  
 
And due to the lack of maintenance the workers have to pull the pipes from the rack to 
the desired location for friction welding. But this could work automatically. It takes too 
much time and also creates problems.   
 
 
 
 
 
 
 
 
Figure 5.5.4: These pictures indicate present (left) and original (right) conditions of 
the dust collector due to the lack of maintenance. 
 

 

Wheel  

Guide rail 
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5.5.4 Possible scope of improvement 

• Simple maintenance (autonomous maintenance 3.5.2). 
• Think of employees as resources for the company. 
• Fix/repair the things that are broken.  

 
5.6 Job target and work motivation 

5.6.1 Analysis 

• The operators work on an hourly basis. They always wait for the time to pass by 
so that they can leave.  

• It you know the standard time for each part that will help to identify the 
production capacity. Though workers report their finished worked but not on real 
time basis that’s why it’s not possible to have real standard time for products. 

• There is a lot time loss during changeover. For example, when a part is finished 
before lunch at 11.30am (lunch time 12pm to 12.30pm), they will wait for half 
hour, 11.30am to 12pm without setting new parts. Similarly, when change over 
time is about to happen, they wait for the next guy whom they expect to start the 
new operation instead of doing it themselves.   

• When a person from one shift is about to leave, he could transfer the machines as 
organized as possible. Typically, some of the workers do their jobs very well 
while others do not. At least they can clean the chips, check the tool bits, 
lubrication, etc. before leave or change over.  

 
5.6.2 Scope of Improvement 

• Target quantity could be assigned for each machine after carefully identifying the 
standard time.  

• Real time reporting will ensure the standard production time and standard time 
can be changed that has been assigned some year ago by the operators. The 
management would be able to get real information of their capacity which will 
help them to reach their target develop possible actions to improve their system. 

• Award the employee who will fulfill the weekly, monthly, or annual target based 
on standard time. Award could be bonus, movie tickets, restaurant tickets, etc. It 
is better to declare this award in the beginning of week because the supervisors 
plan their production activities for every week. They will be motivated and will 
work for the company without wasting time. 

• Time loss during changeover and before lunch can be reduced or eliminated by 
motivating them. 

• If the company assigns one person in one machine then it will be easy to expect 
desired quantity from him for the particular machine otherwise they will show 
excuses.  

• Train the people not only to operate the machines but also include teaching 
programming. So that when the expert people are not present, they will be able to 
take their decision, make programs, and solve other kind of small problems. 

 



 

Production Engineering and Management, KTH 
 

                                 
Page - 82 -
  

5.7 Printing section 

5.7.1 Analysis 

• In the printing section, the devices (PLC controlled) are used to lift pipes when 
they are not working properly due to the lack of maintenance and cleaning. It’s 
the most unclean part of the factory because ink is used to coat the pipes. 
Sometime the carrier-chain doesn’t work properly due to the dirtiness. 

• It takes a long time to carry long pipes from sawing and/or printing machines 
(where welding is not necessary). 

• Sometimes they have to repaint manually due to the unclean of injection nozzle. 
• Although the system is automatic painting, many times manual working is 

required to keep the pipe flow from stand to chain. 
• They have to wait many days if something is broken in the fastening equipment. 

  
5.7.2 Scope of improvement 

• They could maintain cleaning work and their routines. They can use special 
solvent to clean the inks. 

• Regular maintenance is necessary to keep the PLC in working condition. 
• It would be good to place the printing section nearby the sawing machine. 

Because the long pipes are mostly used for friction welding and then it is moved 
to the printing section.   

• Repair the equipment as early as possible.  
• Better cleaning can increase the productivity (Autonomous maintenance). 

 
5.8 Big turning machine (290/295) 

5.8.1 Analysis  

• In the big turning machine, there are no specific places to keep tool holders and 
jaws. I asked to find a specified tool, which took about 2 minutes although the 
person knows everything. There are about 50-80 different tools. If you are not 
familiar with them and are not lucky enough, it will take about 2-3 minutes to find 
each tool and jaw.  

• People who are experts in this machine are asked to help others in another place 
for about 1-2 hours, in which the machines became idle.  

• It takes a very long time to set up this machine because it operates very big parts. 
 
5.8.2 Scope of Improvement  

• Use of 5S can eliminate/reduce the time losses. 
• Availability of workers must be ensured in each machine. If the management 

wants the things to go as it is, I do not have any complains.   
• Train them before assigning them to a machine and make availability of people in 

each machine. 
• Try to develop new methods (continuous Improvement in section 3.5.3) of 

reducing setup time. 
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• If one person has to operate two machines, try to maintain the time differences i.e. 
one part has large operating time than the others. An expert person who could be 
free mover. He will operate the machines when one person will busy with only 
one machine, though the operator is assigned with two machines. 

 
 5.8.3 Raise Boring pipe issue 
Article number 90-BT-010 is a large boring pipe and is very heavy. The company uses 
turning operations to have the desired length. To do this, they have to cut about 10-12 
inches by turning and it takes about 45mins. They claimed that their blade is not 
sufficient enough to cut such material because it’s too hard. It is to be noted that hardness 
of the pipe material is HB (321-364) and the blades that the company has to cut the 
material of HB (190-230).  There are blades available in markets which are able to cut 
this material. It will save 45 minutes and also the company will be able to apply those 45 
minutes for production of other parts. Actual gain would be 90 minutes (45min save and 
use 45mintues).  

5.9 Train the people before send to new machine  

• Without training, the workers are sent to new machines. If they are sent without 
any written guideline, they eventually forget some of step by step guidelines, 
maintenance schedule i.e. lubrication and greasing of different parts and their 
quantity; trouble shooting etc. 

 
• The company could make a training manual that will cover the machine 

operations, maintenance activities, how to make program for different profile 
(some easy and complicated drawing). In this case, it will take less time to train 
the new people and there will be an easy way to remember a lot of things.  

 
• Whenever the trainee has any problem, he has to wait for help from others. If he 

has access to a guideline for example operation and programming manual 
provided by machine manufacturer, he will at least be able to approach the 
problem. He could try and make his own decisions and will learn more. Only 
proper training described in section 3.5.6 can resolve the problem. 

 

5.10 Place of cut material and harden material storage 
outside the factory or near the entrance 
5.10.1 Analysis 

The placement of cut material storage in the middle of the factory which is inefficient and 
flow increases significantly. From the picture below, it’s clear that pallets are moving 
from saw machine to different machines and there is an intermediate storage between 
them. After finishing operation, the parts are taken to the storage and then transferred to 
hardening. When the materials come from the hardening factory, they are kept in the 
storage. In this way, part has to cover a large distance to get those as final product which 
are shown in figure 5.10. 
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5.10.2 Scope of Improvement  

The storage room could be split into two parts, one can be located at the exit near the 
robot cells and other could be located near the assembly room. The 1st storage would 
contain only the finished parts that needs hardening and the 2nd one would contain the 
harden parts that will be used for friction welding because friction welding machine is 
placed near the assembly room. 
  
 
 
 
   
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.10: This picture shows the material flow within the  factory.  
 
5.11 Utilization of resource in machines 
It is clear from the picture 5.11 that the machine manufacturers’ used two work piece 
holders. Those are for the workers and for the company to make more convenient and it 
can reduce setup time while one is in operating condition and other will be ready for 
operation. I have seen people using only one work piece holder instead of using both. For 
example in machine number 360-milling machine, the worker is changing the tool bit in 
the place of milling position. But the point of tool changing box where it has the capacity 
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to hold a lot of tools. The worker can change some tools before wear out the running tool. 
Although this practice will not save much time, it is a good practice and it will help to 
reduce production time loss in a great deal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.11: Present working position of worker in milling machine 360 without using 

work piece holder and tool change box. 
 
5.12 Design Modification of Long Hole Boring Machine  

5.12.1 Analysis 

In the long hole boring machine, they have used long seamless plastic pipes to bring the 
lubricant in long distance and it is used separate box with small holed bottom (grid) so 
that lubricant can pass through the mesh. But the workers have to transfer chips from this 
left box to right box by using shovel.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5.12: Use of holed pipe instead of seamless can reduce great deal of work 
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5.12.2 Scope of development 

Company can use meshed pipe instead of seamless pipe, it won’t be necessary to transfer 
the chips from one box to another. And they don’t need extra care for the chips and it will 
reduce time and machine itself can work as a lubricant pumping and reserving device. 
 

5.13 Work piece fixing device for milling machine (360) 

5.13.1 Analysis 

For milling operation in milling machine (360) takes long time to find the fixtures and 
there are lots of fixtures for each of work piece. The worker use 2-5 pieces of fixing 
device to hold the work piece for example (two nuts, one bolt, and some supporting 
pieces)  
 
5.13.2 Scope of improvement 

The factory can use a universal fixture that will reduce the time of finding the fixtures 
and setup time.  This new fixture will be designed in such a way that it will have gripping 
jaws like the three jaw chuck but light weight. This jaw will grip the different diameter 
inside and outside of work piece base on the requirement. They can also use conical 
shaped device for fixing the work piece if the chuck is not capable of gripping very well. 
Based on the following necessity, the complete design is shown below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.13: Different parts of fixing device for milling machine 360. 
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5.14 Others  

5.14.1 More involvement of production supervisor in the shop floor 

When the employees have got any problem, they always look for production supervisor. 
The problem could be quality issue, maintenance issue, decision making, and sequence of 
order in planning card etc. sometime they are carrying parts, production card etc  to 
supervisor for decision by making the machine idle. This type of minor production loss 
can be eliminated if the supervisor put more time and look around every machine in the 
factory shop. 
Production supervisor could provide the production routine earlier because I saw some of 
the workers are waiting for their list and what to do next. 
 
5.14.2 Ensure the right drawing and right measuring equipment before 
use 

• Some workers cross checked the printed drawing because they thought that 
mechanical engineer can provided them wrong dimension. So it’s better for them 
to check before start. Ensure them that the drawings are ok and if u made some 
changes on the drawing let them know. Otherwise different people could do the 
same thing; company doesn’t want that because it takes time and that is incurred 
cost.   

• Sometimes worker calibrate screw gauge with slide calipers. Both are measuring 
machines. They think it can have some measurement error because it’s not 
calibrated. Calibrate the measuring equipment before it use or to ensure them that 
it’s calibrated.  

 
5.14.3 Use numbers and computers to find the pallets 

• Sometimes workers take a long time to find their desire pallet to machine because 
they don’t know the exact location of the pallet. They can use computer to find 
the pallets as they are doing in storage room.  

• There are racks near the heating section and racks near the different machines. 
These racks are used for temporary leave of pallets but these racks don’t have any 
specified number to find the pallets. They can use numbers and put into the 
computer that will help to find pallets easily as they are doing inside the storage 
room. On the floor, they can use painting and make some rooms for the pallets 
and the worker can easily find pallets using computer. 

5.14.4 USE your knowledge power 

Use your skills to develop your company: Every people don’t have the all qualities. Some 
people are very good to convince the people, some are good in design and development. 
For example Maths (CEO) can motivate the people because he has nice quality to 
motivate them. Similarly mechanical engineer they are very good in design, they can use 
their knowledge to design modification to improve design and easy setup to reduce the 
work. Marketing people can easily input the order quantity but the company has to make 
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the parts whoever input data and it is not necessary to have higher knowledge to input 
data. But if production manager will do that alone it will take a long time.  
 
5.14.5 Application of CMMS 

Employees could write down the problems and solution when the expert person or any 
operator will solve any problem, because in near future they could get similar type of 
problems. They can also use Computerized Maintenance Management System. A CMMS 
software package maintains a computer database of information about an organization’s 
maintenance operations. This information is intended to help maintenance workers do 
their jobs more effectively (for example, determining which machines require 
maintenance and which storerooms contain the spare parts they need) and to help 
management make informed decisions (for example, calculating the cost of machine 
breakdown repair versus preventive maintenance for each machine, possibly leading to 
better allocation of resources). CMMS data may also be used to verify regulatory 
compliance.  
 
For example-they can put all information related to problems or defects of machine and 
their solution procedure with spare parts and their expected life. They can easily identify 
those information using key words of problems. I hope that it’s the easiest way to avoid 
calling supplier or manufacturer of the machine. In that way the worker can be self 
dependent. 
 
5.15 Conclusion  

The world of work has changed enormously over time. Conditions, attitudes and 
expectations that prevailed in the ages before the Industrial Revolution were different 
from those that developed during this great period of social, technological and economic 
change. In this chapter some analysis of different machines and their scope of 
development are described based on 8 pillars of TPM. Proper understanding and 
implementation can reduce the time losses in great extent. Specifically the section 
contains interrelated articles that deal with motivation of people, job design, organization 
design, office TPM, and importance of communication and finally best practice of 
development tools. Proper motivation and seek for new development will enhance the 
productivity. Continuous follow up and application of maintenance tool will reduce 
sudden break down and will ensure health, safety and environment.  

The section is not altogether altruistic. People work better when the environment, 
working methods, and the equipment have been designed to help them. If we add to this 
the natural motivation to do a good job-of-work for an appropriate reward, we can 
confidently anticipate improved productivity. 
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6.1 Introduction 
Your CNC lathe is a highly efficient production machine calling for a much higher 
utilization rate than an engine lathe. 
 
This maintenance requirements which must be met by every user in order to insure 
excellent, trouble-free performance and prolonged life. To insure a maximum productive 
time with a minimum of downtime, the machine must be periodically inspected and 
carefully serviced. 
 
6.1 Maintenance of Pro-King 290 

6.1.1 Daily Maintenance  

1. Check the oil level of every lubricating oil tank. When oil amount is below the 
standard, fill it anytime, 

2. Check every lubricating part and make sure the lubricating situation of oil is good. 
3. check pressure gauge everyday and make sure the pressure is the desired pressure 
4. air pressure leakage must be repaired immediately 
5. When machine is started, check if coolant is sufficient and cooling mechanism 

can work. 
6. Clear the obstructions on the machine to avoid damaging machine 
7. After work is finished everyday, please keep the machine clean anytime and apply 

grease to the exposed slide surface to avoid rusting 
8. Pay attention to machine’s running anytime. If there is any situation occurring, 

please stop machine and check it. 
 
6.1.2 Weekly maintenance 

1. Wipe reflector of reading device with clean absorbent cotton or soft gauze to keep 
it clean and shiny. 

2. make sure the chuck is tightened and its loosening action is smooth 
3. check if the circulating oiling and centralized oiling of pump is normal 
4. make sure if action of tool post is smooth and exact  

 
6.1.3 Every half-a-year Maintenance  

1. Check if range of deflecting oscillation of spindle is too large and if gap of 
spindle’s bearing is normal 

2. Check if screw or nut is loose  
3. Check if gap of taper gib of every slide rail is too large 
4. Fully check if outer layer of every wiring (connection point, adapter, socket, 

switch) is good and clear accumulated dust. 
5. Fully check insulation resistance and record it 
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6.1.4 Yearly maintenance  

1. Check if every controlling switch on operation panel is sensitive and normal  
2. Clear accumulated carbon on all connecting points of relay in electric box and 

wipe them cleanly 
3. Wash coolant tank and replace equivalent coolant 
4. Wash centralized lubricating oil tank and replace equivalent new oil  
5. Wash forced lubricating oil tank and replace equivalent new oil 
6. Correct machine’s level every year and maintain machine’s accuracy  

 
6.1.5 Lubrication of machine 

Performance, reliability and durability of machine depend on perfect lubricating system 
and lubricating management. To secure tribology state of relative motion face, proper 
inspection, oil-feed or replacement with oil at suitable time and place is necessary 
 
The lubricating way of spindle’s bearing; gear and slide rail is explained as follows:  
 
Lubrication of spindle bearing  
The spindle bearings of this machine adopt grease lubrication with long life, so it doesn’t 
need to add extra lubricant. 
 
Gear lubrication  
Gear in the gear box is lubricated by pump to reduce friction and take away the produced 
heat to reduce heat power 
 
Lubrication o f slide surface  
It adopts the centralized lubrication, so the lubricating oil must have the features of wear 
resistance, pressure resistance and good adhesive property to reduce wear and vibration. 
The parts to be centralized lubrication include carriage, cross slide, slide surface of base, 
X-Z axis ball screws. 
 
Manual lubrication  
It’s for the places which are not easily lubricated or don’t need to be often lubricated. The 
parts to be lubricated include movable door and its roller, power chuck which use grease 
lubrication, and tail stock sleeve which uses lubricating oil. 
 
List of lubricating oil: 
List of lubrication position with oil specifying and way of lubrication are mentioned in 
appendix 7(a). 
 
6.1.6 Maintenance of Hydraulic System  
Hydraulic system includes hydraulic pump, solenoid valve, flow control valve, pressure 
adjusting valve, hydraulic cylinder etc. keeping good using state and function of every 
hydraulic element depends on maintenance and adjustment. Therefore, every element is 
explained as follows: 
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Parts list 
For quick repair and smooth operation they can have the following quantity and spare 
parts and make new order if they don’t have in their storage for the particular machines. 
Otherwise it will make delay for searching damaged parts according with the 
specifications.  
 
Table 6.1.1: Table for spare parts list for hydraulic system  
 

No Name Specification  Standard  
Quantity  

In hand 
quantity 

1 Motor 3HPx4Px220/380Vx50/60Hz 1Pc  
2 Pump  PV5P-B3-50(40Lx70K) 1Pc  
3 Tank  1Pc  
4 Oil distributor  1Pc  
5 Injection  1Pc  
6 Filter MF-08 1Pc  
7 Pressure gauge  2 ½” x 100K-LA  1Pc  
8 Oil level LS-3” 1Pc  
9 Bumper  SB-02 1Pc  
10 Filter CF-06G 1Pc  
11 Fan AW0608 1Pc  
12 Pressure valve DAN-040K-22B 1Pc  
13 Reverse stop 

valve 
CV-04T 1Pc  

14 Oil distributor  1Pc  
15 Reverse valve MBR-02-P-2H 1Pc  
16 Adjust valve MTC-02-W-K-20 2Pc  
17 Solenoid-1  DG4V-3-2A-MUI-B 2Pc  
18 Solenoid-2 DG4V-3-2A-MUI-B 2Pc  
19 Pressure gauge 2 ½” x 100K-LA  1Pc  
20 Balance valve MRB-03G 1Pc  
21 Pilot check valve MPCH-03-A 1Pc  
22 Electric Check 

valve 
SV-08 1Pc  

23 Accumulator 0.75 L  1Pc  
 
Maintenance and adjustment of hydraulic system: (In case Pictures of these parts can be 
used to make familiar with employee) 
 
Hydraulic pump  

• Check if connecting screws of pump’s motor are uniformly tightened. If they are 
loose, tighten them carefully  

• piping at oil suction inlet sucks air 
Phenomenon: i) Noise is large and strange ii) Oil hole has white bubble occurring 
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Test : Temporarily seal every connector with butter. If noise is cleared, 
proof will be made. 

Repair  : Eliminate Leakage and closely tighten it 
• Due to bad oil quality, deterioration and many impurities, it causes the suction 

filter being covered with impurities that results in its bad suction and insufficient 
output so that large noise  occurs 

• When motor is normal without pressure producing, check if the connecting lock 
of pump and motor is worn so that it can’t activate pump running.  

 
Check valve  
Check valve makes the circuit do only one-way flow and be unable to do opposite 
directional flow. 
 
Filter  
When oil flows to oil tank through circuit, it will flow through the filter which can filter 
impurities that return oil carries to make the return oil clean to prevent impurities from 
influencing life of every element. 
 
Because the structure of filer can’t be washed, it needs to be replaced. 

i) For initial use, filter must be replaced after it’s user for 500 hours 
ii) After that, replace it every 200 hours 
iii) When the indicating needle reaches the red line, replace it earlier. 

 
Solenoid valve  
The directional control valve offers the basic circuit control. It can make the flowing 
liquid passage way open/close or change flow direction as per requirement of action 
procedure and also can control the start, stop and motion direction of brake.  
 
Inspection and repair of solenoid valve 

• Check by manual operation if slide shaft sticks. If the central point at two ends 
can’t move, remove it for wash as per order and then put it back for test. 

• Is coil burnt up? After exciting, move iron material near manual point and you 
should be able to feel magnetic force. If coil is burnt up, must replace it. 

• When solenoid valve is removed and washed, be careful and don’t incur burr. 
• The fixing screw can’t be too tight to avoid valve body’s deformation and 

distortion, which results n slide shaft being unable to more smoothly 
• Iron chips easily stick in the slide shaft moving place. Move and shake the slide 

shaft with hands to clear iron chips. Carefully remove it and don’t strike it, 
otherwise it easily incurs burr. 

• Judge strange things: Impurities come from a) Iron chips in oil passage block 
aren’t cleared well (silver), b) adapter processing remains iron chips (black). 

• When adapter is used, hydraulic oild pounds it from tow directions which will 
make iron chips drop and incur breakdown. 

• Life: expect  that life of coil is about 2 years, after they are used for a long period 
of time, they will be gradually worn, which will result in inner discharge amount 
increasing and passing efficiency reducing.  
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Pressure reducing valves  
Main function is to adjust hydraulic pressure to the pressure suitable for control element. 
It can only adjust pressure low and can’t adjust the outlet pressure higher than inlet 
pressure 
 
Adjustment and some actions:  

1) If the pressure is too high or too low:  
− Re-set or re-adjust if pressure isn’t set or adjusted properly 
− If Spring is too week or breaks, replace spring 
− replace or was poppet valve or balance piston seat The inside is not clean, 

 
2) Pressure is not stable 
− If Action of piston is not good, small hole at the center of piston could be 

blocked. Check oil discharge amount 
− Poppet valve is not stable, it could move guide pin up and down 
− If it is found that poppet valve is worn abnormally, replace poppet 

 
Flow control valve  
Flow control valve controls flow by changing the passing area. It also controls speeds of 
hydraulic cylinder, other elements, gear variable speed, tail stock sleeve movement and 
tail stock movement. 
 

• If pressure correction device are not working 
a) The inside of flow control valve is not clean, disconnecting the inside and 
washes them. 
b) The pressure difference between suction inlet and outlet is small; the lowest 
pressure difference is 10kg/cm2 

 

• Gyration of flow adjusting shaft is too tight: 
 a) There are dusts on the adjusting shaft; disconnect it and wash them 

b) When flow way is used and secondary pressure is high; Reduce pressure and 
then adjust it 

 c) Under star of flow and high first pressure, reduce pressure and then rotate it. 
 
Cooler  

• Must used recommended/equivalent oil but don’t mixed different quality of oils. 
• Keep the viscosity range of working oil at the certain oil temperature. 
• Keep the working oil under high temperature limit. 
• Check oil level every day. 
• Wash suction filter every 3 months. 
• Replace with new oil every year and must clean inside impurities.  

 
 
Maintenance of electric box cooling unit  
After electric box cooling unit has been used for a long period of time, it can produce 
vibration, noise or oil accumulated and dirty. So, periodic maintenance must be done to 
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reach working efficiency. Although the heat exchanger only has fan as power which has 
reduced the maintenance work to the minimum, please still keep periodic maintenance. 
 
Table 6.1.2: Table for cleaning schedule of electric box cooling unit 
 

Time Part Checking point Guide 
Every day  Inner/outer 

fan 
Check if blades 
rotation is normal and 
if there is noise or 
vibration occurring  

If abnormal is found find out the 
cause, if fan is out of order, 
replace it 

Weekly or 
monthly 

Filter Oil accumulated, Dirt i)For slight dirt, light tap filter or 
clear them by dust extractor 
ii) For heavy dirt, wash with 
neutral cleaner or water and then 
remove water on filter. After its 
dry return it to the original 
place. 

Every 
6months or 
one year 

Outer fan  Remove filter and fan. Clear 
them with compressed air until 
they are clean. 

*Periodically and thoroughly clear filter and fan every time 
 
6.2 Maintenance of PUMA DOOSAN (Machine 260) 

6.2.1 Daily maintenance 

• Check oil level through the oil level gauges in the hydraulic power unit, slideway 
lubrication oil tank and coolant tank 

• Check source pressure of the hydraulic unit, chuck pressure and tailstock pressure 
• Supply lubricating oil to the power chuck master jaw 

 
6.2.2 Monthly Maintenance  

• Check the bed ways for level and straightness  
• Flush out the hydraulic power unit and change the hydraulic fluid 
• change coolant in the coolant tank 
• These three items must be carried out after the first month of operation following 

initial installation of the machine 
 

6.2.3 Every 6 Months Maintenance  

• Change Hydraulic oil in the hydraulic Unit 
• change coolant in the coolant tank 
• Supply lubrication oil to the chip conveyor 

6.2.4 Lubrication chart  
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List of lubrication position with oil specification and way of lubrication are mentioned in 
appendix 7(b). 
 

6.2.5 Hydraulic Unit  

Normally it is not necessary to refill the oil in the pump. But, when replacing the pump, 
you must supply the oil at the pump through the oil case inlet port before operation.  
Clean the suction strainer, the air breather and the tank when changing the oil. Since use 
of clogged cartridge filter allows ‘dirty’ oil to be circulated through the system leading to 
serious trouble, it’s necessary to clean the filters.  
 

• Clean inside the tank 
• Using an air blow device, remove the clogged foreign materials on the filter and 

strainer of the air breather. 
• Remove foreign materials around the pin of core using air or steam in oil cooler 
• Clean body of fan and casing (don’t use air blow and recheck after clean) 

 
Table 6.2: Lubrication chart for hydraulic unit of turning machine 260 
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1 Inlet port  2.3 Manual When replace the 
pump 

ISO 
VG32 

Pressure 
setting 
3.92MPA 

Near the 
pro-king 
machine 

2 Oil tank 11 Manual 
oiling 

Change after first 
month of operation 
and every 6months 
thereafter 

ISO 
VG32 

 ” 

 
The chuck 

• The chuck has grease nipples either on the chuck front or on it’s periphery. Apply 
grease to the nipples every day. 

• Since chips and foreign matter accumulate on the jaw moving surfaces on the 
chuck, clean them every day and lubricate them with the mobilux grease 2. 

• To ensure high accuracy for a long period, clean the fitting portions between the 
chuck body and the chuck jaws and between the chuck jaw serration and a screw. 
For the cleaning remove the jaws and supply oil once or twice a day. 

 
When no lubricating oil is delivered 

a) When oil level is low, replenish the lubricating oil of the same brand 
b) The pump is at a rest: the pump operates intermittently. The pump operation 

interval is set at 10 minutes 
c) If the oil strainer is clogged, clean the oil strainer at least every six months  
d) If the motor doesn’t rotate, check wiring  
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6.3 Maintenance of Machine 270.  

6.3.1 Prior to starting machine 

• Check the oil level in hydraulic tank and central lubrication units. Make up as 
recommended, if necessary. 

• Check the machine's moving parts and Chip moving belts not hindered in their 
movements by the chips and mud materials. 

 
6.3.2 Lower driving 

• Check for tensioning the work piece and the tool is securely attached 
• Assure that no oil leakage occurs 
• Check that the central lubrication oil gives to the various lubrication points 

 
6.3.3 Daily Maintenance 

• Clean by brushing machine, etc 
• Control of oil the system 
• Checking the oil levels, optional equipment 
• Lubrication of chuck 
• Lubrication of tailstock 

 
6.3.4 Weekly Maintenance 

• Drying of guide rails, slides, the protection of longitudinal feed screw 
• cleaning the machine 
• Control of actuators and sensor connectors 
• Verification of tool and work piece carriers 
• Checking the guide rails, slides and tailstock 
• Control of minor adjustments en double, intermediate sleeves and fastening cones 
• Checking the oil level in hydraulic unit and lubrication units 
• Checking and Cleaning the Chuck 
 

6.3.5 Monthly Maintenance 

• Cleaning and checking scraper 
• Control of hydraulic power units and hydraulic equipment. 
• Checking the coolant system  
• Lubrication of ancillary equipment 

 
6.3.6 Every 6 months Maintenance 

• Cleaning of coolant container. 
• Checking the belt transmission 
• Special Inspection and Approval of the guide rails and slides 
• Special inspection and adjustment of the tool and work piece carrier. 
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• Special inspection and adjustment of stud, insert sleeves, mounting and spindle 
nose cones. 

• Checking and adjusting the length / cross feed screws with nuts and timing of belt 
gear and spider doll 

• Electro-mechanical control of controls, actuators, sensors, etc. 
• Changing gearbox oil on the main spindle motor. 
• Lubrication of AC motors 
• Checking the engine 
• Control of electronic and other equipment 
• Checking and adjustment of additional equipment / technology handbook 
 

6.3.7 Yearly Maintenance 

• Control of spindle bearings. 
• Special Control of controls also protective. 
• Checking and cleaning of the cooling system. 

 
6.3.8 Lubrication chart 

List of lubrication position with oil specification and way of lubrication are mentioned in 
appendix 7(c). 
 
6.4 Benefits  

• Pictures will help to introduce about the new part families and their location in the 
machine  

• It will help to understand the function of the employee and the importance of 
lubrication and cleaning necessary for the spare parts. 

• It will help the life time and replacement and maintenance schedule for the parts. 
• It will help Employee to make more confident.  
• It will reduce the failure rate than before and make to new decision and help them 

to make requisition for spares and lubrications 
• It will help them to choose the specific lubrication according to specification and 

help new employee to find the location of lubricants and spare parts location. 
• It will reduce dependency on maintenance engineer. 
• They will learn take care of their own equipments 
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7.1 Conclusion  
The world of work has changed enormously over time. Conditions, attitudes and 
expectations that prevailed in the ages before the Industrial Revolution were different 
from those that developed during this great period of social, technological and economic 
change. 
 
The layout design allows neutral group formation to emerge and yields solution of higher 
quality considering the process sequence. This modified layout will improve material 
handling, significantly reduce material handling flow time and distance, and set up time. 
The application of group technology to a traditional manufacturing system can usually 
result in a simpler material flow system, so that a higher transfer rate and easier 
production planning and control functions can usually be achieved.  
 
TPM is a very heavy system to apply in a company as a whole, because at the beginning, 
the company doesn’t have resources to fully implement it. TPM sub-activities are the best 
way of take the use of the TPM. Successful implementation of TPM is a basis to reach 
the word class overall equipment effectiveness. Employees must be educated and 
convinced that TPM is not just another "program of the month" and that management is 
totally committed to the program and the extended time frame necessary for full 
implementation. If everyone involved in a TPM program does his or her part, an 
unusually high rate of return compared to resources invested may be expected. 

The OEE calculation is a metric that gives us daily information about how effectively the 
machine is running and which of the six big losses we need to improve. Data collection in 
front of machine will help to know where the exact effective production time is being 
lost. Overall equipment effectiveness is not the only indicator to assess a production 
system, but it is certainly very important if our goal is improvement. 

Proper identification of scope of improvement and implementation can reduce the time 
losses in great extent. People work better when the environment, working methods, and 
the equipment have been designed to help them. If we add to this the natural motivation 
to do a good job-of-work for an appropriate reward, we can confidently anticipate 
improved productivity. 

The maintenance requirements which must be met by every user in order to insure 
excellent, trouble-free performance and prolonged life. To insure a maximum productive 
time with a minimum of downtime, the machine must be periodically inspected and 
carefully serviced. The establishment of maintenance standard and policies will enhance 
the asset life and product quality. 
 
There is still a lot of potential to improve the utilization of machine which will lead to 
productivity improvement. I believe that efficient application of all the tools that are 
mentioned in the thesis, the productivity will amplify in large extent.  
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Future work  
There are many factors contribute to the operation time, that are, planning, procurement, 
delivery, manufacturing, maintenance, material handling. This master thesis focuses on 
Total Productive Maintenance and Effective layout design to reduce the operation time 
and identification of hidden capacity only for few machines and limited set of data.  
 
Management is eager to "aggregate" this study, i.e. extend it beyond the boundaries of 
one plant to include upstream suppliers of raw materials and downstream consumers of 
plant production. Such aggregation, using the same analytical tools already used here in 
one plant, helps broad-scale optimization of both materials availability and capacity 
planning decisions to increase bottom-line benefits.  
 
Future work can be carried out on the following topics:  
 

• Operation design and production design 
• Application of TPM to all machines 
• Measurement of OEE for all machines 
• Better jigs and fixing device design  
• Implementation of CMM (Computer manage maintenance system) 
• Automatic OEE calculation 
• Training manual and training procedures for the employees 
• Predictive maintenance system  
• Standard procedure of operation  
• Demand forecasting for the optimum use of resource 
• Ergonomics and better workplace design 
• Cost and benefit analysis of different change.  
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Appendix 1: Production Flow chart of regular products 
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  Machines  

M
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hi
ne

s 

  100 110 120 200 230 255 256 257 258 260 270 280 290 295 300 355 356 360 380 390 400 420 430 440 450 510 511 

100  0 0 5 0 0 0 0 0 11 30 13 21 1 10 0 0 38 1 10 19 26 8 8 10 131 57 

110 0   0 1 3 27 24 1 1 18 68 0 12 2 0 27 2 67 4 20 2 18 0 33 1 0 0 

120 0 0   0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 

200 10 2 0   0 0 0 0 0 2 10 2 0 0 0 0 0 14 0 0 0 0 4 2 40 0 0 

230 0 4 0 0   0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 

255 0 54 0 0 0   40 0 0 0 0 0 0 0 0 48 0 0 0 2 0 0 0 12 0 0 0 

256 0 48 0 0 0 40   0 0 0 0 0 0 0 0 40 0 2 0 2 0 0 0 16 0 0 0 

257 0 2 0 0 0 0 0   0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 

258 0 2 0 0 0 0 0 0   0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 

260 22 36 0 2 0 0 0 0 0   0 0 0 0 4 0 0 36 2 14 8 12 2 14 0 4 0 

270 60 136 0 10 0 0 0 0 0 0   0 12 10 15 0 0 155 6 28 16 46 25 49 12 4 0 

280 20 0 0 2 0 0 0 0 0 0 0   0 0 2 0 0 2 0 0 2 0 0 0 5 0 0 

290 41 24 0 0 0 0 0 0 0 0 12 0   0 0 0 0 53 0 16 17 16 10 4 7 0 0 

295 2 4 0 0 0 0 0 0 0 0 10 0 0   0 0 0 12 0 0 2 8 2 0 6 0 0 

300 20 0 0 0 0 0 0 0 0 4 16 2 0 0   0 0 14 2 0 4 4 2 12 0 0 0 

355 0 54 0 0 0 48 40 0 0 0 0 0 0 0 0   0 0 0 0 0 0 0 14 0 0 0 

356 0 4 0 0 0 0 0 2 2 0 0 0 0 0 0 0   0 0 0 0 0 0 0 0 0 0 

360 72 133 0 14 0 0 2 0 0 35 156 2 51 12 14 0 0   0 0 26 58 28 44 14 0 1 

380 2 8 0 0 2 0 0 0 0 2 6 0 0 0 2 0 0 0   0 2 0 0 2 0 0 0 

390 20 40 0 0 0 2 2 0 0 14 28 0 16 0 0 0 0 0 0   0 2 0 6 0 0 0 

400 31 4 0 0 0 0 0 0 0 6 14 1 15 2 4 0 0 26 2 0   10 12 0 0 4 0 

420 27 18 0 0 0 0 0 0 0 6 24 0 10 4 2 0 0 29 0 1 5   2 5 3 6 9 

430 10 0 0 2 0 0 0 0 0 1 15 0 5 1 1 0 0 14 0 0 6 2   1 3 0 0 

440 16 66 0 2 0 12 16 0 0 14 50 0 4 0 12 14 0 44 2 6 0 10 2   0 0 0 

450 13 2 0 24 0 0 0 0 0 0 12 4 9 6 0 0 0 14 0 0 0 6 6 0   0 0 

510 140 0 2 0 0 0 0 0 0 4 4 0 0 0 0 0 0 0 0 0 8 11 0 0 0   0 

511 67 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 18 0 0 0 0   

Appendix 3: Ci values of different machines which are used for calculation of similarity matrix 
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  100 110 200 230 255 256 257 258 260 270 280 290 295 300 355 356 360 380 390 400 420 430 440 450 510 511 

100                            

110 0.00                           

200 0.05 0.04                          

230 0.00 0.05 0.00                         

255 0.00 0.43 0.00 0.00                        

256 0.00 0.40 0.00 0.00 0.78                       

257 0.00 0.02 0.00 0.00 0.00 0.00                      

258 0.00 0.02 0.00 0.00 0.00 0.00 0.00                     

260 0.10 0.28 0.04 0.00 0.00 0.00 0.00 0.00                    

270 0.19 0.58 0.07 0.00 0.00 0.00 0.00 0.00 0.00                   

280 0.11 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00                  

290 0.18 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00                 

295 0.01 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00                

300 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.13 0.06 0.00 0.00               

355 0.00 0.43 0.00 0.00 0.89 0.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00              

356 0.00 0.04 0.00 0.00 0.00 0.00 0.67 0.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00             

360 0.22 0.53 0.10 0.00 0.00 0.01 0.00 0.00 0.24 0.67 0.01 0.32 0.09 0.11 0.00 0.00            

380 0.01 0.08 0.00 0.29 0.00 0.00 0.00 0.00 0.06 0.05 0.00 0.00 0.00 0.13 0.00 0.00 0.00           

390 0.09 0.31 0.00 0.00 0.04 0.04 0.00 0.00 0.23 0.20 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.00          

400 0.17 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.12 0.04 0.26 0.06 0.14 0.00 0.00 0.19 0.09 0.00         

420 0.15 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.23 0.00 0.16 0.10 0.06 0.00 0.00 0.27 0.00 0.02 0.13        

430 0.06 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.04 0.17 0.00 0.14 0.05 0.07 0.00 0.00 0.16 0.00 0.00 0.33 0.04       

440 0.07 0.46 0.03 0.00 0.17 0.24 0.00 0.00 0.19 0.32 0.00 0.05 0.00 0.23 0.20 0.00 0.27 0.04 0.08 0.00 0.09 0.03      

450 0.07 0.02 0.62 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.09 0.11 0.13 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.07 0.12 0.00     

510 0.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.07 0.00 0.00 0.00    

511 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00   

 MAX 0.61 0.58 0.62 0.29 0.89 0.78 0.67 0.67 0.24 0.67 0.09 0.32 0.13 0.23 0.20 0.00 0.27 0.09 0.08 0.33 0.15 0.12 0.00 0.00 0.00   

Appendix 4: Similarity matrix that indicates the similarity indices of different machines 
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                                 Machines                  

  100 110 200 230 255 256 257 258 260 270 280 290 295 300 355 356 360 380 390 400 420 430 440 450 510 511 

100 0 0 2 0 0 0 0 0 3 13 8 15 1 0 0 0 0 0 0 0 0 2 7 4 131 54 

110 0 0 0 3 20 2 1 1 12 34 0 9 0 0 0 0 0 0 0 0 0 0 33 0 0 0 

200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 

230 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

255 0 0 0 0 0 20 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 

256 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19 0 1 0 1 0 0 0 0 0 0 0 

257 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

258 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

260 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 15 0 7 4 0 0 0 0 0 0 

270 0 0 0 0 0 0 0 0 0 0 0 3 4 4 0 0 54 3 14 8 0 0 1 0 0 0 

280 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 2 0 0 

290 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25 0 8 7 1 0 0 4 0 0 

295 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 4 0 0 0 0 0 0 4 0 0 

300 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 

355 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

356 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

360 0 0 2 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 2 5 2 0 4 0 0 

380 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

390 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

400 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 8 0 0 0 1 0 0 0 0 0 

420 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

430 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

440 0 0 0 0 6 2 0 0 7 24 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

450 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 

510 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 

511 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 9 0 0 0 0 0 

Appendix 5: Flow matrix which indicates forward movement between a pair of machines
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a) Comparison of different indices  
 

 
 
 
 
 
b) Comparison of Overall and weighted average cell utilization 
index (CUI) 
 

CASE   Heuristic Algorithm 
Cell No Pk Mk Nopk Nsk CUI% WCUI% Cell No Pk Mk Nopk Nsk CUI%   

1 30 3 78 90 86.67 4.34 1 342 5 564 1710 32.98 18.83
2 2 3 4 6 66.67 0.22 2 180 12 520 2160 24.07 7.23
3 210 9 542 1890 28.68 10.05 3 26 3 69 78 88.46 3.84
4 55 3 75 165 45.45 4.17 4 49 3 68 147 46.26 3.78
5 295 4 495 1180 41.95 20.66 5 2 3 4 6 66.67 0.22
6 4 2 8 8 100.00 0.67               
7 3 2 4 6 66.67 0.33               

SUM 599 26 1206 3345 436.08 40.45   599 26 1225 4101 258.44 33.91
                            

ACUI% 
62.30% 
        ACUI% 51.69%           

OWCUI% 
40.45% 
          OWCUI% 33.91%           

                            
 

CASE   Heuristic Algorithm 
Cell 
No 

Pk Mk Nopk Nsk Nfk CUI% Cell 
No 

Pk Mk Nopk Nsk Nfk CUI%

1 30 3 78 90 46 0.87 1 342 5 564 1710 195 0.33
2 2 3 4 6 2 0.67 2 180 12 520 2160 310 0.24
3 210 9 542 1890 266 0.29 3 26 3 69 78 46 0.88
4 55 3 75 165 20 0.45 4 49 3 68 147 20 0.46
5 295 4 495 1180 186 0.42 5 2 3 4 6 2 0.67
6 4 2 8 8 0 1.00               
7 3 2 4 6 1 0.67               

SUM 599 26 1206 3345 521 4.36   599 26 1225 4101 573 2.58
                            
ACUI% 62.30%         ACUI% 51.69%         

OMI% 64.64% 
 Group 
Technology      OMI% 71.09%         

Compactness 0.3605         Compactness 0.2987         
β 0.5035         β 0.5048         
                            
  Total Number of Operation Nops 1405               

  
Total Number of Movements, 

Ntmov=Nops-P 806               

Appendix 6: Comparison between CASE and Heuristic algorithm 



Page no. 110 

 
 
 
 
 

Item  Lubricating 
position 

Volume 
(Liter)  

Lubricating 
way  

Oil 
Replacing 
period 

Oil’s feature Oil recommended Container 
position  

1 i) Carriage, 
cross linear, 
way  
ii) XZ axis 
ball screw 

2 Centralized 
Lubrication  

Usually 
keep over 
oil level 

i)Viscosity ISOV068 
ii) Viscosity index is over 100 
iii) wear and pressure 
resistance 
iv) Rust proof, anti-bubble, 
anti-oxidant   

i)Mobil vectra 
oil.2. 
ii) Esso febise k68 
iii) Shell tonna 
T68 
iv) Chevron way 
lubricant 68 

Near the 
pro-king 
machine 

2 Cutting tool 
coolant  

120 Centralized 
Oiling 

Yearly i) Large heat transfer 
ii) good lubricating property  

i)Esso pennex-47 
ii) Shell Drum B 

” 

3 Hydraulic 
Unit 

60 Centralized 
Oiling 

Yearly  i)Viscosity ISOV032 
ii) Viscosity index is over 95 
iii) Rust proof, anti-bubble, 
anti-oxidant, 
anti-emulsification 

i) Mobil DTE oil 
13 
ii) Esso Nuto H32  
iii) Shell tellus 

” 

4 i) Full 
splash 
Guard  
ii) Power 
chuck 

Proper 
amount 

Manual 
grease 
lubrication 

Every 6-
months 

 i)Esso beacon 2 
ii) Shell Alvania 
R-2 

” 

5 Tail stock 
Sleeve 

Proper 
amount  

Manual 
oiling 

Every 3 
months 

i)Viscosity ISOV068 
ii) Viscosity index is over 100 
iii) wear and pressure 
resistance 
iv) Rust proof, anti-bubble, 
anti-oxidant 

i)Mobil vectra 
oil.2. 
ii) Esso febise k68 
iii) Shell tonna 
T68 
iv) Chevron way 
lubricant 68 

” 

6 Gear Box 2 Manual 
oiling 

Every 
1000 hr 
running  

i)Viscosity ISOV068 
ii) Viscosity index is over 100 
iii) wear and pressure 
resistance 
iv) Rust proof, anti-bubble, 
anti-oxidant 

i)Hlp oil (VG 68). 
ii) Esso febise k68 
iii) Shell tonna 
T68 
iv) Chevron way 
lubricant 68 

” 
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Item  Lubricating 
position 

Volume 
(Liter)  

Lubricating 
way  

Oil 
Replacing 
period 

Oil’s feature Oil 
recommended 

Container 
position  

1 Power 
Chuck Jaws 
& turret  

Suitable 
amount 

 Every when 
cleaning 

Mobilux  Grease 2  
Multifax 2 
Multifax Ep 2  

Mobil  

2 Slide way 
lubrication 
tank 

1.5 Centralized 
Lubrication  

70-80Hr i)Viscosity ISOVG68 
ii) Viscosity index is over 100 
iii) wear and pressure 
resistance 
iv) Rust proof, anti-bubble, 
anti-oxidant   

i)Mobil vectra 
oil.2. 
ii) Esso febise k68 
iii) Shell tonna 
T68 
iv) Chevron way 
lubricant 68 

Near the 
pro-king 
machine 

3 Cutting tool 
coolant 
(1050)  

180 Centralized 
Oiling 

Replenished 
when 
needed  

Well-cut B30, Houton 
i) Large heat transfer 
ii) good lubricating property  

i)Esso pennex-47 
ii) Shell Drum B 

” 

4 Coolant tank 
(2100) 

260      

5 Hydraulic 
power Unit 

10 Centralized 
Oiling 

Every 6-
months 

i)Viscosity ISOVG32 
ii) Viscosity index is over 95 
iii) Rust proof, anti-bubble, 
anti-oxidant, 
anti-emulsification 

Mobil DTE oil 13 
iii) Esso Nuto H32 
iii) Shell tellus 

” 

6 Gear Box 6 Manual 
oiling 

Every 6-
months 

i)Viscosity ISOVG32 
ii) Viscosity index is over 95 
iii) Rust proof, anti-bubble, 
anti-oxidant, 
anti-emulsification 

Mobil DTE oil 13 
iii) Esso Nuto H32 
iii) Shell tellus 

” 
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Location  Grease/lub
ricant  
types 

Trade name  Quantity  Interval  Notes 

chip 
conveyor, 
gear, fill plug  

Grease for 
bearing 

Alfalub LGHT-3 14-17 
g/stock(la
p) 

Every 4 
years 

When replacing 
the bearing. 

Lubrication 
of AC motor 

ISO VG 
68 

Tellus oil 68 
(Shell), DTE 
26(Mobil) 

3.5 liters 1week/6 
months 

Check oil level  
Change oil 
 

Spindle 
bearing and 
others 

Grease for 
spindle 
bearings  

Alfalub LGHT-2 15-
20g/lubric
ation point

1 yr After Lubrication  

Chuck  Grease for 
chuck  

Grease K 05/ 
Gleitmo 800 

 Every day Use according to 
necessary  

Hydraulic 
lubrication 
unit  

ISO VG32  DTE 24(mobil), 
LE 6401, Tellus 
oil 32 (Shell) 

50 liters 1 week/ 6 
months 

Check the oil 
level/ clean the 
tank and Change 
the filter cartridge 

Tool holder  ISO VG 
460 

Tellus oil 46 
(Shell), Energol 
HLP-D 46(BP) 

0.8 liters 2 /4 yrs Level to get 
standard control 
& Change oil  

Spindle dock 
of tailstock  

Grease for 
spindle 
bearing 

Alfalub LGHT-2 15-20g 1-1/2 yrs New greasing  

Tailstock  ISO VG 
220 

Maccurat 220 
(BP), Vectra oil 
nr 4, LE 601 

3-4 
amount of 
hand 
lubricant 
pump 

1 day 
 

Grease tailstock 
with oil trough 
the pipe nipples 
& tailstock. 

Central 
lubrication 
Unit (tank) 

ISO VG 
220 

Maccurat 220 
(BP), Vectra oil 
nr 4, LE 601 

2.7 liter Per week Check oil level 
and fill up with 
sufficient amount  

Chip 
conveyor, 
gear, fill plug 

Grease for 
bearing  

Alfalub LGHT-3  6 months Lubrication of  
bearing & 
checking the 
motors & 
conveyors etc. 
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