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ABSTRACT 
 

The core of this report is doing a study on the wheel workshop at Railway and coming up with suggestions to 

implement total productive maintenance in the workshop. Small losses in time or small deviations from 

designed capability are taken as normal machine behaviour. Total Productive Maintenance (TPM) is a plan 

which concentrates on total involvement of everyone from top management to all employees to implement a 

comprehensive maintenance program for all equipment throughout its life. This plan results in maximum 

effectiveness of equipment, tidier, neat and clean work place and morally boosted employees. 

Keywords-5S, Total Productive Maintenance (TPM), Overall Equipment Effectiveness (OEE), six big losses, 

focused improvement. 

 

I. INTRODUCTION 

 

Maintenance has been considered as a support 

function which is non productive since it does not 

generate cash directly. However for the Industry to 

produce goods of the right quality and quantity for the 

customers and be able to deliver them at the right 

time its plant or equipment must operate efficiently 

and accurately. For every manufacturing company the 

objective is to produce goods at a profit and this is 

only achieved by using an effective maintenance 

system that helps maximize availability by minimizing 

machine downtime due to unwarranted stoppages. 

Without an effective and economically viable 

maintenance system, equipment reliability suffers, 

and the plant pays the price with poor availability and 

increased downtime. Frequent machine breakdowns, 

low plant availability and increased overtime are a 

great threat to a manufacturing plant as they increase 

operating costs of an industry. All these mentioned 

poor key performance indicators (KPI) can be a result 

of poor machine condition and sometimes low 

employee morale.  Low plant availability and 

overtime costs will negatively affect an industry’s 

operational efficiency. Plant Engineers must therefore 

design an effective maintenance system for the plant 

and its equipment. 

 

II. COMPANY BACKGROUND 

 

Pratapnagar railway workshop is the first state owned 

railway by ruler of Vadodara and pioneer to lay the 

first NG railway line between Dabhoi to Miyagaon in 

1963. It was then materialized in 1973 when the 

complete track formation was upgraded to withstand 

steam locus which were imported to overhaul the 

trains. The foundation stone of Pratap Nagar 

workshop was laid by his highness Lord Chelmsford, 

Viceroy and Governor General of India on 25th March 

1919.the workshop started in 1922. 

 

The workshop is currently being used for repairing 

and overhaul of coaches and wagons. The workshop 

consists of 8 workshops ( smithy workshop, CASNUB 

bogie and Wheel CTRB repair shop, lifting workshop, 

ICF boogies shop, Narrow gate workshop, body repair 
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workshop, painting workshop and machine 

workshop). All the workshops have their own 

different distinctive responsibility in the repair of 

wagons and coaches. Pratap Nagar railway workshop 

consists of a total 101 machines which consist of ( air 

compressors, EOT cranes, traversal, wheel lathes, 

Power hammer, lathe machines, slotter machine, drill 

machine, shearing machine, grinder, boring machine, 

power hacksaw, welding transformer, Automobile, 

Electric hoist, pillar job crane) all these machines are 

in their different numbers. 

 

The most valued machines at Pratap Nagar Railway 

workshop are Air compressors, EOT cranes, hyt wheel 

lathe machine and CNC boring machine in which 

currently the workshop is using preventive 

maintenance to take care of these machines on 

monthly bases. For the rest of the machines the 

workshop uses breakdown maintenance on the 

machines. 

 

Due to these poor maintenance practices at Pratap 

Nagar workshop the consequence is not getting 100% 

from the machines and equipment they have. They 

are time loses due to breakdowns and deviations from 

designed capabilities are taken as normal behavior. 

Total Productive Maintenance (TPM) is a plan which 

concentrates on involvement of everyone from 

management to all employees to implement a 

comprehensive maintenance program for all 

equipment throughout its life. TPM results in 

maximum effectiveness of equipment, tidier, neat and 

clean work place and morally boosted employees. 

 

The task at hand is to implement TPM in the Wheel 

workshop, activities done in this workshop are wheel 

inspection and wheel repair. The re-turning of wheels 

which is mainly a re-profiling operation maximizes 

railway life. The wheels are scheduled for re-profiling 

after every three years in operation. The wheel 

workshop mainly consists of HYT CNC wheel lathe 

machine. The CNC surface wheel lathe machine is 

currently being maintained by an external company 

on monthly based as a practice of preventive 

maintenance which is part of a warranty upon 

purchasing the equipment. In cases of minor 

breakdowns the maintenance technicians at the 

workshop repair the machine but when it comes to 

majors breakdowns the external company repairs the 

machine. The following are some of the activities 

done by the maintenance technicians at the workshop 

lubrication, V-belt tensioning, inspection, attending 

to minor breakdowns etc. 

 

In thesis TPM is going to be implemented in CTRB 

wheel workshop. This workshop is used for re-

profiling train wheels both wide gate wheels and 

narrow gate wheels. The workshop mainly consists of 

two machines which are namely the hyt CNC lathe 

machine and the narrow gate wheel lathe machine. 

These two machines have an OEE of 69% and 75% 

respectively based on the time study the author 

conducted. The resultant OEE of the two machines is 

72%.  

 

Problem statement 

There is poor equipment overall equipment 

effectiveness (OEE) at Pratap Nagar Railway 

workshop is due to the absence of a proper 

maintenance management policy and strategy. 

  

Aim 

The aim of this project is to improve Overall 

Equipment Effectiveness of the wheel workshop at 

Pratap Nagar Railway workshop through the 

implementation of Total Productive Maintenance. 

 

Objectives 

 Point out losses during production and 

categories them into six big losses of OEE 

 Improve availability and performance of the 

wheel workshop  
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 Maintain the improved availability and 

Performance of the wheel workshop.  

 

III.  METHODOLOGY 

 

In the first step a literature survey was done by the 

author and the most common barrier to the 

implementation was identified. Also from the 

literature survey the author gained intensive 

knowledge with regards to how to successfully 

implement TPM. Literature survey was done 

throughout the project in parallel to the 

implementation of TPM. 

 

The method used to implement and follow up with 

TPM will follow the PDCA kaizen method. The 

implementation of TPM is going to follow the 

following Hartmann implementation model. 

 

Phase 1 – Improve equipment to its highest required 

level of performance and availability. [Focused 

Improvement] 

 Determine existing equipment performance and 

availability – current OEE. 

 Determine equipment condition. 

 Determine current maintenance performed on 

equipment. 

 Analyze equipment losses. 

 Develop and rank equipment improvement 

needs and opportunities. 

 Develop setup and changeover improvement 

needs and opportunities. 

 Approach management 

 Implement 5s 

 Execute improvement opportunities as planned 

and scheduled activity. 

 Check results and continue with improvement 

as required. 

 Phase 2-Maintain equipment at its highest 

required level of performance and availability. 

[Autonomous Maintenance, Preventive 

Maintenance, Kaizen] 

 Develop planned maintenance, cleaning, and 

lubrication requirements for each machine. 

 Develop planned maintenance, cleaning, and 

lubrication procedures. 

 Develop inspection procedures for each 

machine. 

 Develop planned maintenance, lubrication, 

cleaning and inspection systems, including all 

forms and controls. 

 Develop planned maintenance manuals. 

 Execute planned maintenance, cleaning and 

lubrication as planned and scheduled activities. 

 Check results and apply corrections to system as 

required. 

 

The general idea of the method used is that focused 

improvement will be continuously updating the 

Autonomous maintenance Pillar due to its 

improvements. The new autonomous rules cause by 

focused improvement has to abide to preventive 

maintenance pillar constraints and also to avoid things 

sliding back to what they used to be. The Kaizen pillar 

will be continuously analyse the three pillars and 

ensure continuous improvement with the main aim of 

eliminating the six big losses of OEE which are 

equipment failure, setup and adjustments, idling and 

minor stops, reduced speed, process defects and 

reduced yield. The method and the relationship 

between the pillars during the implementation of 

TPM  is shown in figure() . 

 

 
Figure 1. Methodology 
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Focused improvement will be used to the six big losses 

as in figure  which is given below. The diagram also 

shows the solutions suggested to some of the six big 

losses of OEE. In this project we only managed to 

implement DOE (design of experiments) and SMED 

(single minute exchange of dies). 

 

 
 

Figure 2. focused improvement 

 

After the conducting DOE and SMED OEE will be 

measured again. 

 

IV. DATA ANALYSIS 

 

 
 

 

 
Figure 3. CNC lathe data 

 

5.1 Narrow gate wheel lathe machine 

 
 

 
Figure 4. conventional central lathe data 

 

OEE calculation 

 
Figure  5. OEE calculation 

 

The overall equipment effectiveness was found to be 

75%, 69% and 71% for narrow gate lathe machine, 
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wide wheel gate lathe machine and for both of the 

machines combined respectively.  

 

Hyt lathe availability and performance 

Below is the behavior in performance and availability 

obsevered for five days on theb hyt lathe machine. 

 
Figure 6. variations in availability and performance 

 

Narrow gate wheel lathe 

Below is the behavior in performance and availability 

obsevered for five days on the narrow gate wheel 

lathe machine. 

 
 

The above calculations and analysis was done based on 

the following equations. 

OEE = Availability × Quality × Performance 

Availability = run time / planned production time 

Quality = good count / total count 

Performance = (ideal cycle time × total count) × run 

time  

All the these equations were embedded in the excel 

sheets 

V. FOCUSED IMPROVEMENT 

 

Focused improvement is going to be used to elevate 

performance and availability of the wheel re-profiling 

workshop by aligning the correct method to the 

correct scenario. From analysis done by the author it 

was found that losses in performance and availability 

are the causes of low OEE of the hyt CNC lathe 

machine and Narrow gate lathe machine. The losses in 

performance are going to be solved by addressing 

losses in minor stoppages, reduced speed and idling. 

Similarly losses in availability are to be solved by 

addressing losses in equipment failure, set-up and 

adjustment. 

 Performance  

Performance losses are factors that cause the lathe 

machines to operate at less than the maximum 

possible speed when running. Performance takes into 

account three losses which are idling, minor stoppages 

and reduced speed. Hence the approach will be to use 

focused improvement to address the causes of  

these losses. Below is a list of causes of these losses at 

Pratap Nagar wheel workshop. 

Causes of minor stoppages in workshop 

 Removal of chips on the narrow gate lathe 

machine 

 No assistance to help change the wheel 

 Changing tool 

 V-belt tension problems 

Causes of speed losses 

 Not operating at optimum speed 

Causes of idling 

 Low availability of overhead crane 

 

 Availability 

Availability losses take into account any events that 

stop planned production for an appreciable length of 

time. Availability takes into account equipment 

failure and setup and adjustment. Likewise the 

focused improvement is going to be used to address 

the causes of these losses at the wheel re-profiling 

workshop. Below is a list of solutions to these losses at 

Pratap Nagar wheel workshop. 

Causes of failure 

 Design of an equipment failure recording sheet 

  overheating and decreased efficiency 

Setup and adjustment 

 SMED implementation 

 

Minor stoppages 

The causes of the minor stoppages where analysed for 

two weeks and the frequency of occurrence was 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) 

Munyaradzi Kapuyanyika  et al. Int J S Res Sci. Tech. 2018 Mar-Apr;4(5) : 1860-1874 
 

 

1865 

recorded. The data recorded was used to construct the 

pareto chat below to help us understand the losses 

leading to minor stoppages. 

 
Figure 7. Causes of minor stoppages (pareto chart) 

 

It was found from the data that from the data above 

that the removal of chips and unavailability of an 

assistant to change the wheel are the causes of 82% of 

the minor stoppages that occur. 

 

Understanding losses due to the removal of chips 

This is chronic event which happens over and over 

again as the operator manually removes the chips in 

the pit on the Narrow gate wheel lathe machine when 

it is filed. This on average takes 15-20 minutes to 

remove all the chips and occurs 2 or 3 times per days. 

Below is a picture of the pit on the narrow gate wheel 

lathe. 

 
Figure 8. Pit of conventional lathe machine 

 

Below is a graph which shows the variations in the 

rate of chip removal for 12 days.  

 

 
Figure 9. Chip removal rate 

 

Theme and Target 

The target is to reduce the time taken to remove the 

chips from the range which is 15 to 20 minutes to 

below 5 minutes. 

 
Figure 10. Chip removal time target 

 

Draft of improvement plan 

The plan is to design a component to collect the chips 

during machining which can easily be removed from 

the pit and then empty the chips into a bin nearby. 

 

Causes of speed losses 

The identified cause of speed loses which are not 

operating at optimum speed. The narrow gate wheel 

lathe machine is currently operating at 65rev/min and 

the depth of cut is 3mm. rolling stock wheels are 

made of steel and the tool used for machining is HSS. 

The solution will be to make use of the maximum 

production rate criteria in order to identify the 

optimum operating speed 

 

 

 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) 

Munyaradzi Kapuyanyika  et al. Int J S Res Sci. Tech. 2018 Mar-Apr;4(5) : 1860-1874 
 

 

1866 

Causes of idling 

Idling is a situation in which a machine is not utilised 

when all the resources needed to use the machine in a 

productive manner are available and have been 

invested in.  The main cause of idling on the two 

wheel lathe machines in this study is poor availability 

of the overhead crane which is shared with the 

CASNUB Boogie repair section. On average poor 

availability at the workshop results on average on 

downtime of (8-10 minutes). The over head crane is 

currently being used to spontaneously lift the wheels 

from one point to another. Without the crane the 

wheels cannot be carried to the lathe machine to be 

machined hence production will stop. 

 

Understanding the losses due to poor crane 

availability 

Below shows the frequency of stoppage due to the 

poor availability of the overhead crane in the wheel 

repair workshop. 

 
Figure 11. Crane availability rate 

 

 Select theme and target  

The main aim is to improve the availability of the 

crane with respect to the hyt lathe machine and the 

convectional lathe machine by scheduling the 

movement of the crane throughout the day. To insure 

availability in each of the three sections including the 

CASNUB boogie section and minimise movement of 

the crane. 

 

Causes of failure 

Currently at the workshop they are not recording 

breakdowns of the machines. Hence the first step 

would be to design a recording sheet for the 

breakdowns so as to take account for the downtime 

caused by these breakdowns. In order to get 

understand the causes of the failure on the two lathe 

machines the student had to resort to the use of 

questionnaires. The main cause of breakdowns on the 

two machines was winding damage and damaged 

bearing of the electric motor mainly caused by 

overheating. The questions that were used by the 

researcher are given below. 

 

Questionnaires 

 What are the most frequent failures 

 What are the causes of failure 

 How does it happen and what is the sequence 

of events 

 What are the contributing factors that lead to 

these failures 

 

Target population  

The above questions were mainly asked to the 

following target population 

Table 1. Target Population 

 
 

From the questions conducted the population 

identified failure of the electric motor as the main 

cause of failure on the lathe machines. The fishbone 

diagram below shows some of the causes of 

overheating in electric motors. 

 
Figure 12. Ishikawa diagram for motor overheating 
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After an analysis by the researcher it was found that 

blocked ventilation and dust are more than common 

on all electric motors in the workshop. Hence the 

decision was made to use the 5 why analysis in order 

to come up with solutions to the problem of electric 

motors overheating. 

 
Figure 13. Electric motor 

 

Particles that block the flow of air into the motor 

cooling fans such as dust and other debris can lead to 

overheating of an electric motor. Also dust particles 

and other particles inside the electric motors cause 

some resistance to the rotation that slows down the 

motor. Hence the motor has to work harder to 

overcome this resistance causing an increase in 

temperature. Dust particles may also be abrasive in a 

way and damage the insulation. Below is a 5 why 

analysis of the problem of overheating of the electric 

motors. 

 
Figure 14. Why s analysis of overheating of motor 

 

Setup and adjustment 

To improve the changeover time on convectional 

lathe machine SMED (Single Minute Exchange of Dies) 

is going to be used. 

VI. SMED 

 

Single Minute Exchange of Dies is a lean tool which is 

used to reduce setup time and provide quick 

equipment changeover (Desai and Workhedkar, 2011; 

Shingo, 1985). The main aim of SMED is to reduce the 

time wasted in many changeover steps by performing 

many activities while the machine is running as much 

as possible, and to integrate and reduce the time 

required to perform internal tasks.  

 

The SMED places the tasks into two categories which 

are internal and external activities. External activities 

being those activities perfumed while the machine is 

running. The internal activities on the other hand are 

activities which are done while the machine is not 

running. SMED goes on further to time required to 

perform both external and internal activities as well as 

eliminate unnecessary activities. The SMED method is 

going to be implemented to reduce the setup and 

adjustment time of the conventional lathe machine. 

The SMED is going to follow the steps below. 

 
Figure 15. SMED approach framework (M.A. 

Almomani et al. / Computers & Industrial Engineering 

66 (2013)) 

 

Phase 1 current setup 

The work piece changeover process on the narrow 

gate lathe machine is decomposed into a series of 

actions. The stopwatch and motion study is used to 

determine the time for each step. The steps and 
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current method for changing the work piece on the 

conventional wheel lathe machine are shown in table 

(8.1) 

 

Phase 2 separate internal from external activities 

In this phase the current activities are then analysed 

and classified into two groups which are internal 

activities and external activities as shown in table (8.1) 

 

Table 2. Activities Before Smed 

 

 
  

Phase 3 transferring internal to external 

This next step is to convert as many tasks as possible 

from internal tasks into external tasks. The main 

internal tasks that are to be converted into external 

tasks are as follows. 

 Movement to go and collect measuring tool. 

 Finding assistant. 

 

Phase 4 streamlining all setup operations 

This phase involves eliminating any unnecessary 

operation; improve original setup operations both 

external and internal. The main tasks that are to be 

changed with respect to this phase are as follows. 

 Using the overhead crane to transport three 

work pieces at a time and place them within the 

periphery of the gantry 

 Providing a temporary storage area for the 

measuring tool throughout the operations of the 

day 

Table 3. Activities After Smed 
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Table 4. Eliminated Activities 

 
Table 5. Trimmed Activities 

 
 

Table 6. Summary 

 
 

The implementation of SMED saved an average of 

1726 seconds per cycle. This improved both the 

performance and availability of the conventional 

central lathe machine thereby improving the OEE of 

the machine.  

VII. DOE (TAGUCHI METHOD) 

 

Design of experiments using taguchi method was used 

to determine the optimum operating parameters for 

maximum material removal rate (MRR). Currently 

during machining the operator is changing the 

operating parameters during machining depending on 

what the operator desires. Hence because of this they 

are speed losses since the operator is not using the 

optimum operating parameters to maximise MRR. 

 

Taguchi method was selected to be used because it 

minimizes the number of tests required. Taguchi 

method uses the design of orthogonal array system to 

study the entire parameter space with a small number 

of experiments. Taguchi focuses on mean response 

analysis for each run in the inner array, and also 

suggests analysing variation using an appropriate 

chosen signal-to-noise ratio. 

The following are the steps to be followed to conduct 

the DOE using taguchi method 

 Determine important input process parameters 

and their levels, response parameters and its 

characteristics 

  Select the appropriate orthogonal array(OA) 

and assign the parameters to its various 

columns 

 Conduct experiments for the levels given in 

each row randomly and not down the values 

of the response parameters. Repeat each 

experiment three times. 

 Study factor effects and find out the optimum 

combination of the input parameters. 

Calculate the best value of the response 

characteristics 

 Calculate the range within which the 

experimental value should lie and conduct 

confirmation experiment (if required) to 

verify the same. 
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 Perform analysis of variance (ANOVA) to find 

out the significance of the various factors and 

their relative contribution 

 Decide important input process parameters 

and their levels, response parameters and its 

characteristics. 

 

The selection of input parameters and response 

parameters was based on intuition and literature 

survey. Three machining parameters were selected as 

control factors and each designed to have 3 levels as in 

table L9 array based on Taguchi method was used for 

the design of experiments. Minitab software was used 

for regression and graphical analysis of the observed 

data. 

 

Table 7. Parameter Levels 

 
Response name:     material removal rate (MRR) 

Response type:       Higher-the-better 

Units:                       mm/second 

 

Results of the Taguchi design done using Minitab 

 
 

 
Figure 16. L9 Orthogonal arrays 

 

Each and every experiment was repeated three times 

and the mean of the material removal rates was 

entered in the above table. The signal to noise ratio 

was calculated using mini tab 

 

Experimental details 

ICF boogie wheel sets of (diameter range of 990-

1000mm) where used for the turning experiments. 

The experiments were also limited to the machining 

of profile 22 the observations were limited to one pass. 

The chemical and mechanical properties of the steel 

cast wheel sets according to Rail wheel factory in 

Yelahanka, Bangalore. The experiments were carried 

out to determine the material removal rate under 

various turning parameters. TN2000 high speed steel 

tool was used in the experimental investigation. 

Cast Wheel Specification 

Table 8. Chemical Composition In % 
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Table 9. Mechanical And Metallurgical Properties 

 
 

Assumptions 

We assumed that the thickness of the removed on the 

wheel is constant throughout the circumference and 

the profile of the wheel. 

 
Figure 17. wheel profile (I.Y. Shevstov and V.L 

Morkings 2008) 

 

The experiments were based on measuring the time 

taken to complete one pass across the wheel and 

measuring the length across the wheel using a string.  

The equations used to calculate wheel circumference, 

machined volume and material removal rate is given 

below. 

Circumference = π × D 

Machined volume = circumference × machined length 

× depth of cut 

Material Removal rate  
               

              
 

Below are some pictures of the machine and the 

products in which the observation were done on. 

Table 10. Experimental Results 

 

 

 
Figure 18. experiment setup 

Analysis of MRR 

The Signal to Noise ratios were calculated with 

Taguchi method for MRR using larger the better 
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characteristics. The results are shown in the table 

below 

Table 11. Analysis 

 
 

Analysis of Variance was used to analyse the 

experimental results and the Taguchi S/N ratio at 95% 

confidence interval. ANOVA analysis was done to 

determine the contribution of individual cutting 

parameters on material removal rate.  

Table 12. Anovas 

 
 

From the ANOVA for S/N feed rate has the most 

contribution to MRR of 59.04% followed by depth of 

cut which has a contribution of 33.89% and the error 

was found to be 0.67%. 
 

 

Figure 18. S/N plot 

 

Figure (9.5) shows effect plot for S/N ratio. The 

optimum parameters to maximise MRR are obtained 

as cutting speed 110, feed rate 90 and depth of cut 2.5 

 

 

Table 13. Response Table 

 

 

Conformation experiment for the optimum operating 

parameters The experiment done using the 

determined optimal operating parameters confirms 

that it is the optimal operating parameters which have 

the highest MRR on average of  4438.48 mm3/s. 

 

Table 14. Conformation Experiments 

 
 

VIII. CONCLUSION 

 

Calculations of OEE after TPM implementations 

Hyt CNC lathe machine 

 

 
 

Convectional central lathe machine 

 
Figure 20. OEE calculation after TPM 
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Table 15. Results 

 
 

This project demonstrates how TPM improves OEE 

and uptime. The project was done on the wheel 

workshop at Western Indian Railways workshop. The 

wheel workshop consists of two machines the central 

convectional lathe machine used for re-profiling of 

narrow gate rail wheels and the HYT CNC lathe 

machine for re-profiling the wide gate rail wheels. 

 

The OEE of the whole workshop was improved from 

71.88% to 73.62%. The dominant pillars in this project 

were 5S and focused improvement. The improvements 

came about by using SMED to improve availability 

and Taguchi (DOE) to improve performance. The OEE 

of the conventional lathe machine improved from 

75% to 78% and the OEE of the CNC lathe machine 

improved from 68.75% to 69.23%. 

 

TPM is a good and easy tool that can be used to 

improve OEE but it’s too much work for one engineer 

TPM requires a number of engineers from different 

specializations e.g. mechanical engineers, electrical 

and electronic engineers , design engineers etc. Also 

there is need to use value driven maintenance prior to 

the implementation of any maintenance strategy so as 

to determine the best maintenance strategy in a given 

situation. 
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