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Abstract— Total Productive Maintenance is practical
technique aimed at maximizing the effectiveness of facility
that we use within our organization .Total productive
maintenance  establishes a system of productive
maintenance, covering the entire life cycle of equipment,
covers all department, involves participation of all
employees from top to bottom and promotes small group
autonomous activities. During high growth era companies
are making technical progress in automation and
centralization of the plants, which needs large amount of
manual work to maintain the automation systems. The
strategy of maintaining the equipment of a plant is crucial
for the effectiveness of manufacturing. And, as the
competitive environment in the world continues to increase
the pace, our project work intends to help companies to look
for new strategies to save on costs, develop employees to
face future challenges and bring about a new culture at work
place. To carry out successful implementation of our work,
firstly, literature review was done thoroughly to understand
the underlying concepts of TPM. Further, empirical study
was conducted about the sophisticated Printing Press
machines-& Packaging-machines based on real time data
and analysis was done to obtain achievable results. Finally
questionnaires were distributed to evaluate information on
successful implementation of TPM in the industry. Results
obtained through the empirical study reveals the varying
trends in the Overall Equipment Effectiveness (OEE) and
Total Productivity of the machines taken up for the study.
The average values of OEE were found to lie between the
ranges of 15% to 60% against world class standards of 85%
and Total Productivity (TP) varies between 0.09 to 0.34.
The results highlight the major causes resulting in the
downtime and decrease in the productivity. A comparative
study between World Class industries where TPM has been
implemented and industries which do not follow. TPM
identifies the various problems leading to decrease in the
overall efficiency of the industry and provides valuable
suggestions focusing on the benefits and methodology for
implementing TPM in industries.

Keywords: Total Productive Maintenance (TPM), Overall
Equipment Effectiveness (OEE), Partial Productivity (PP)
and Total Productivity (TP)

I. INTRODUCTION

Total Productive Maintenance is practical technique aimed
at maximizing the effectiveness of facility that we use
within our organization. Total productive maintenance
establishes a system of productive maintenance, covering
the entire life cycle of equipment, covers all departments,
involves participation of all employees from top to bottom
and promotes small group autonomous activities. During
high growth era companies are making technical progress in
automation and centralization of the plants, which needs
large amount of manual work to maintain the automation
systems. The strategy of maintaining the equipment of a

plant is crucial for the effectiveness of manufacturing. And,
as the competitive environment in the world continues to
increase the pace, our project work intends to help
companies to look for new strategies to save on costs,
develop employees to face future challenges and bring about
a new culture at work place. Framework of total productive
maintenance TPM seeks to maximize equipment
effectiveness throughout the lifetime of the equipment. It
strives to maintain the equipment in optimum condition in
order to prevent unexpected breakdown, speed losses, and
quality defects occurring from process activities. There are
three ultimate goals of TPM: zero defects, zero accidents,
and zero breakdowns.

Nakajima suggests that equipment should be
operated at 100 percent capacity 100 percent of the time [6,
7]. Benchmarking on Overall Equipment Effectiveness
(OEE), Productivity (P), Quality (Q), Cost (C), Delivery
(D), Safety (S) and Morale (M) etc. can facilitate an
organization to realization of zero breakdown, zero defect,
zero machine stoppage, zero accidents, zero pollution,
primarily to achieve high reliability/flexibility of equipment
and reduce costs through minimizing wastage of man hours,
raw material, power, tools etc [7], [4], [13] &[11] which
serve as the ultimate objective of TPM. TPM has been
envisioned as a comprehensive manufacturing strategy to
improve equipment productivity. The strategy elements
include cross-functional teams to eliminate barriers to
machine uptime, rigorous preventive maintenance programs,
improved maintenance operations management efficiency,
equipment maintenance training to the lowest level, and
information systems to support the development of imported
equipment with lower cost and higher reliability.

Il. LITERATURE REVIEW

In this competitive age, firms are striving to improve
customer’s satisfaction and minimize production costs [8].
Traditionally, production costs are minimized by increasing
the meantime between failures of the production equipment
on the one hand and minimizing maintenance costs on the
other [9]. Cutting maintenance costs alone will not help to
minimize the production cost, but may lead to
ineffectiveness of the production equipment. As such the
basic underlying approach of TPM is to maximize
production equipment effectiveness, which is typically
measured by the OEE [10]. An OEE rating may be used to
compare different sites within an individual business group,
and may influence strategic investment and other important
decisions [5]. If a company has an OEE of 85% or above,
then it is considered to be a world-class company. The
commonly used maintenance performance indicators [2] are
measures of:

*Equipment performance, such as availability,
reliability and OEE. *Process performance, such as the ratio
of achieved to planned work, as well as of schedule
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compliance. *Cost performance, such as labor and material
costs of maintenance

A. Overall Equipment Effectiveness (OEE):

TPM initiatives in production help in streamlining the
manufacturing and other business functions, and garnering
sustained profits. The strategic outcome of TPM
implementations is the reduced occurrence of unexpected
machine breakdowns that disrupt production and lead to
losses, which can exceed millions of dollars annually.
Overall Equipment Effectiveness (OEE) methodology
incorporates metrics from all equipment manufacturing
states guidelines into a measurement system that helps
manufacturing and operations teams improve equipment
performance and, therefore, reduce equipment Cost of
Ownership (COO).

TPM initiatives are focused upon addressing major
losses, and wastes associated with the production systems by
affecting continuous and systematic evaluations of
production  system, thereby affecting  significant
improvements in production facilities. The evaluation of
TPM efficiency can facilitate significantly enhanced
organizational capabilities across a variety of dimensions.
TPM employs OEE as a quantitative metric for measuring
the performance of a productive system. OEE is the core
metric for measuring the success of TPM implementation
program. The overall goal of TPM is to raise the overall
equipment effectiveness. OEE is calculated by obtaining the
product of availability of the equipment, performance
efficiency of the process and rate of quality products [3].
OEE provides a way to measure the effectiveness of
manufacturing operations from a single piece of equipment
to an entire manufacturing plant or several manufacturing
plants in a group. In doing so OEE provides a complete
picture of where productive manufacturing time and money
is being lost and uncovers the true, hidden capability of the
factory. It becomes the key decision support tool for
continuous improvement programs [12]. TPM focuses on
optimizing planning and scheduling.  Availability,
performance and yield (i.e. acceptable quality-rate) are other
factors that affect productivity [1]. Availability losses result
from breakdowns and change-over, i.e. the situation in
which the line is not running when it should be.
Performance deteriorations arise from speed losses and
small stops or idling or empty positions. In this case, the line
may be running, but it is not producing the quantity it
should.

1) OEE Calculation

Availability: Availability takes into account Down Time
Loss, and is calculated as:

Availability = Operating Time / Planned Production Time
Performance: Performance takes into account Speed Loss,
and is calculated as:

Performance = Ideal Cycle Time / (Operating Time / Total
Pieces)

Ideal Cycle Time is the minimum cycle time that your
process can be expected to achieve in optimal
circumstances. It is sometimes called Design Cycle Time or
Theoretical Cycle Time. Since Run Rate is the reciprocal of
Cycle Time, Performance can also be calculated as:

Performance = (Total Pieces / Operating Time) / Ideal Run

Rate

Quality: Quality takes into account Quality Loss, and is

calculated as:

Quality = Good Pieces / Total Pieces OEE measurement is

made up of three underlying elements, each one expressed

as a percentage and accounting for a different kind of waste

in the manufacturing process.

OEE = Availability x Performance x Quality. OEE = A x PE
xQ

B. Productivity

Productivity is a measure of the effective use of resources,
usually expressed as the ratio of output to input.
Productivity ratio can be calculated for a single operation,
department, an organization or an entire country. For profit
based organizations, productivity is an important factor
determining how competitive a company is. Activity can be
identified with production and consumption. Production is a
process of combining various immaterial and material inputs
of production so as to produce tools for consumption. The
methods of combining the inputs of production in the
process of making output are called technology. Technology
can be depicted mathematically by the production function
which describes the function between input and output. The
production function depicts production performance and
productivity is the metric for it. Measures may be applied
with, for example, different technology to improve
productivity and to raise output.

1) Productivity Calculation

This metric has become widely accepted as a quantitative
tool essential for measurement of productivity in
manufacturing operations. The OEE and Productivity
measures are central to the formulation and execution of a
TPM improvement strategy. TPM has the standards of 90
per cent availability, 95 per cent performance efficiency and
99 per cent rate of quality. An overall 85 per cent
benchmark OEE is considered as world-class performance
[16]. OEE measure provides a strong impetus for
introducing a pilot and subsequently companywide TPM
program.

Total Productivity of a Firm,

TPi: Total productivity of product I,

PPij: Partial productivity of product i with respect to input
factor j

j:{H,M, C, E, X},

H: Human input,

M: Material and purchased parts input,

C: Capital input,

E: Energy input and

X: other expenses input

1:1,2,N

N: Total number of products manufactured in the firm

Oi: Current period output of product i in value terms

OFi: Total current output of the firm in value terms

li: Current period input of product i in value terms

lij: Current period input of type j for product i in value
terms,

IFi: Total current input of the firm in value terms

INR: Indian Rupee.
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Total Productivity of Product i in terms of its Partial
Productivities.
The Total Productivity of Product is the ratio of the total
output value of product i to the total input cost that is
incurred in producing this output [14]. Thus,
TP=0i/li=0i/Y] L

The partial productivity of product i with respect to any
input factor j as the ratio of the total output value of product
i to the input cost of factor j. Thus,
PPij = Oi / ljj
Oi = TPi x Y lij and Oix = PPij x Ijj
TPi x Yj Iij = PPij x Iij and Wij =1ij / > Iij

Wij represents the weight corresponding to the
input factor. In other words, Wij represents the fraction of
input factor j with respect to the sum of all the inputs used to
produce product i, TPi = Wij X PPij for all j

I1l. PROBLEM STATEMENT

Many organizations fail to achieve expected performance
results when implementing TPM techniques. A possible
reason for the failure to achieve performance results is that
such organizations supports from top management, lack the
knowledge, skill and appropriate planning practices for
generating systemic and congruent approaches for
implementing improvements.

The case study was carried out to check for the
Overall Equipment Efficiency (OEE), Productivity and
Total Productive Maintenance (TPM) factors of the different
Machines in packaging Industries. Manipal Printing Press
and Packaging Solutions (MPS) is one of the many
important and lucrative organizations under the Manipal
group. Located in the Industrial Area, MPS majorly focuses
on making Cartons, covers, printed, sheets, Trays, etc. The
preparation of the Cartons and sheets goes through a number
of steps before a final product is made.

Major machines taken up for analytical study in the
case organization are: Offset Printing Machine, Punching
Machine, Elton Lamination Machine & HB Gluer Machine.

A. Offset Printing Machine:

Offset Printing Machine is a six colored UV printing
machine which uses cardboard and sheets as input raw
materials. These sheets are provided by ITC and JK
industries.

B. Punching Machine:

This machine, which is of two types are used for several
purposes. The first one is used to make the demarcations in
the printed sheet so that individual cartons get separates and
can be sent to the folding and gluing machine. This machine
utilizes a dye which is designed in order to cut the cartons in
their required shape and size as they pass through this
machine. The second machine is mostly used to give the
embossing features to the cartons using the dyes provided by
the customer company. Some pharmaceutical companies
also demand for brail embossing.

C. Lamination Machine (Elton):

This machine is used to spread glue on the cardboard behind
every printed sheet depending on the customer demands and
requirements. The sheets are loaded manually on the bench

at the rear side of the machine and are sucked into the
machine using a push mechanism. The cardboard is fed into
the machine from below as the sheet and the board come
close the drum containing glue rolls in between them and
the sheet and the board get glued together. Further using a
pressing and heating mechanism they are glued properly and
are sent as output.

D. Gluer Machine (HB):

The HB Gluer gives the final and finishing touch to the
cartons. In this machine the cut pieces of the sheets are fed
after full inspection. The sheet gets folded and glued inside
the machine taking the right shape and fold it requires
before going to the customer. This being the last stage the
chances of the sheets getting spoiled is reduced to the
minimum as it will spoil the efforts put up by the previous
machines. Hence there are total of three inspections done
and if any error is found it is rectified then and there itself.
The methodology employed to carry out the project
uniquely identifies the existing operations in the facilities
with the help of empirical study and questionnaires. The
average values of Overall Equipment Effectiveness and
Total Productivity are calculated and compared against
world class standards. Further valuable suggestions are
given so as to increase the efficiency of the existing system

IV. RESEARCH METHODOLOGY

MPS runs either in two shifts or in three shifts depending
upon the work load. Usually the shifts are of 8 hours which
includes a 30 minutes break for lunch or dinner. Our
primary study involved tabulation of all factors leading to
the calculation of the Overall Equipment Effectiveness and
Productivity of the system and its direct influence in
determining the efficiency of the existing system.

The key assumption is that the literature study,
combined with the results of the empirical study, will
provide insight into the impact of TPM on the performance
of the selected section of the industries, thereby improving
the Overall Equipment Effectiveness. It is assumed that the
managements of industries in Manipal wish to adopt the
total productive maintenance philosophy as part of their
future strategic objectives. The study comprises of:
Literature Study, Empirical Study and Questionnaires.

A. Literature Study:

The Literature Study was done in order to establish key
concepts, which relate to TPM. The results of the literature
survey were used as a guideline to determine the impact and
effectiveness of TPM on manufacturing performance at the
facilities. The existing theory relating to TPM was analyzed
from secondary sources and related sources such as: Internet
sites and web pages of different companies and
organizations Text books and other published material
directly and indirectly related to the problem area. Academic
as well organizational journals and newsletters relevant to
the problems, daily reports of companies under study [15].
Our study involves an extensive study of the
existing systems in two of the major industries in Manipal.
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B. Empirical Study:

Empirical Study implies measurements, and measurements
are rules for assigning numbers to empirical properties. The
empirical study consists of observations and calculations of
highly visible measures of performance such as: Overall
Equipment Effectiveness (OEE), Total Productivity (TP),
Downtime reasons and its frequency of occurrence,
variation of OEE over a period of thirty shifts.

The Empirical study was conducted in the Manipal
Printing and Packaging Solutions industry. The industry
runs either in two shifts or in three shifts depending upon the
work load. Usually the shifts are of 8 hours which includes a
30 minutes break for lunch or dinner. Our primary study
involved tabulation of all factors leading to the calculation
of the Overall Equipment Effectiveness and Productivity of
the system and its direct influence in determining the
efficiency of the existing system

V. DATA COLLECTION, DATA ANALYSIS AND DATA
INTERPRETATION

This section includes the data collection, data analysis and
interpretation of the result found from the analysis. The
researcher has used primary and secondary sources of data
to conduct the study. Accordingly the data collection, data
analysis and the data interpretation are discussed in the
following sections.

A. Data Collection:

The questionnaire was distributed after making a lot of
improvements to assure its clarity. After correction the
questionnaires ‘were distributed to the top management
members, maintenance team leaders, engineering experts,
maintenance technicians and production operators. The
questionnaires has three sections, the first section were
about the general information of the participants regarding
the educational background, experience in the company and
their working position. The second section contains in
relation with the critical success factors and maintenance

performance of the company. The final third section was
about maintenance activities related.

As per the distributed questionnaires for 138
participants, the collected questionnaires were about 121
respondents. Accordingly the survey questionnaires data
analysis, presentation and discussion of the results are
presented as follows:

B. Data Analysis:

The main aim of this chapter is to present the empirical
findings of manufacturing performance in Uday Printing
Press Ltd. This chapter includes the observations and
calculations of Overall Equipment Effectiveness (Table
1&2) and Total Productivity of machines (Table 3) used in
the industries.

The section also includes explanation in detail of
calculations done in order to obtain the results. The findings
from the TPM questionnaires (Nakajima, 1998) distributed
are also highlighted. Finally the results have been compared
to the available standards achieved by industries in India
where TPM has been successfully implemented.

Results: The results have been obtained from the
daily reports provided by the company including all details
of production for a particular date. Specific data has been
selected in order to find the values of Overall Equipment
Effectiveness and Productivity. The results are graphically
plotted to find the variation of OEE for a period of one
month. Productivity of all machines under study is also
calculated.

1) Demographic Data of the Respondents

General information: The survey questionnaires were started
from the general information in relation with the personal
status of the respondents. Accordingly to describe the
characteristics of the respondents such as work experience,
work position and educational background, the analysis
starting from the general information of the respondents. In
the Table 5.1 below, general information of the respondents
is summarized as follows:

Variable Respondent No. of Respondents | % of Respondents | Variable
Top management members 5 5 4.1
Maintenance team leader 2 4 3.3
Engineering expert 2
Maintenance technician (mechanical) 17 33 27.3
Maintenance technician (electrical) 13
Maintenance technician (workshop) 3
Work position supervisor 7 7 5.8
Higher printing operator 23 36 29.7
Higher post printing operator 13
Middle printing operator 12 22 18.2
Middle post printing operator 10
Lower printing operator 7 14 11.6
Lower post printing operator 7
Total 121 121 100
Total work experience <5 30 30 248
in the company 510 40 40 33
>10 51 51 42.1
Total 121 121 99.9
Education level 10+1 0 0 0
10+2 47 47 38.8
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10+3 31 31 25.6
10+4 0 0 0
Degree 39 39 32.2
Master 4 4 3.3
Total 121 121 99.9

Table 5.1: Demographic Data of the Respondents

Interpretation: In the Table 5.1 above it shows that
respondents based on working position, total work
experience and educational level. Accordingly, the number
of respondents based on the working position that they are
engaged, 29.7 % of the respondents are higher level printing
and post printing operators, 27.3% covers respondents that
are maintenance technicians, 18.2% covers middle level
printing and post printing operators, 11.6 % of respondents
are lower level printing and post printing operators and the
others are top management members, maintenance team
leaders, engineering experts and supervisors with respondent
percentage of 4.1%, 3.3% and 5.8% respectively. From this
the highest respondent coverage is 29.7% and 27.3% which
are the higher printing operators and maintenance
technicians accordingly, this implies that the chance of
getting relevant response is higher due to the relation of
TPM concepts regarding to those maintenance persons and
machine operators is very strong.

In regarding to the respondents working experience
in the company, 42.1% of respondents indicated that they
have greater than 10 years of working experience, 33% of
respondents have between 5 to 10 years of working
experience and the others 24.8% of the respondents
indicated that they have less than 5 years of experience in
the company. From this the highest percentage of
respondent is 42.1% which have working experience above
10 years accordingly, this indicates that getting the relevant
data from those respondents that have more than 10 years
working experience is very high this is because the
probability of having a well detailed information of the
company is high due to their years of stays in the company.

According to the respondents concerned to
educational background, 38.8% of the respondents have
10+2, 32.2% of the respondents have Degree, 25.6% of the
respondents have 10+3 and the rest 3.3% have masters.
From all the highest respondents are covered by educational
background of 10+2 and degree which is 38.8% and 32.2%
respectively. This indicates there is a high chance of getting
fair and relevant responses from the respondents.

To analyze the machine performance, determine
OEE for the machines is one of the methods accordingly;
OEE has been calculated for the machines which are found
in four printing sections namely Offset printing section,
Wave offset printing section, Letterpress printing section
and Security printing section.

Machine Performance: On the basis of collected
data and we calculated OEE of the four machines for ten
shifts (as shown in Tables 1, 2, 3, & 4) and graph for thirty
shifts (Figure 5.1). We calculated Availability, Performance
efficiency, Quality rate by using this data and then we
calculated average OEE and Total Productivity (TP) of the
four machines (as shown in Figures 5.2 and 5.3) and
compared. The Overall Equipment Effectiveness (OEE) of
Machines of MPS industry, the average values of OEE
(Figure 5.3) and Total Productivity (TP) (Tables 5.5, 5.6, 5.7
& 5.8). The average OEE of Printing Machine is 16.67%,
Punching Machine is 45.5 %, Gluer Machine 25 % and
Lamination Machine 58.77% and Total Productivity (TP) of
Printing machine is 0.1234, Punching machine is 0.0933,
Gluer Machine 0.3416 and Lamination Machine 0.34711.
By improving availability and performance, OEE can be
increased, but world class OEE 85%, availability 90%,
performance 95% and quality 99% [16].

Production parameters Shifts
1 2 3 4 5 6 7 8 9 10
Total Time(Min) 510 510 720 510 720 510 690 690 690 750
Production breaks 30 30 30 30 30 30 30 30 30 30
Machine Down time(Min) 255 270 390 345 345 450 405 405 420 300
Production rates of machine 266 266 266 266 266 266 266 266 266 266
Total units Production 27000 | 19300 | 26700 | 14600 | 34500 | 30900 | 19000 | 29500 | 21600 | 49100
Total units rejected 1079 771 1067 584 1379 | 1235 759 1179 863 1962
Total good units Produced 25921 | 18529 | 25633 | 14016 | 33121 | 29665 | 18241 | 28321 | 20737 | 47138
Total planned production time | 480 480 690 480 690 480 690 690 690 720
Total operating Time(Min) 225 210 300 135 345 180 240 285 285 300
Machine Availability (%) 46.9 43.8 435 28.1 50 375 34.8 41.3 41.3 41.7
Performance (%) 45.1 34.6 335 40.7 37.6 64.5 29.8 38.9 28.5 61.5
Quality (%) 96 96 96 96 96 96 96 96 96 96
OEE (%) 20.3 14.5 14 11 18 23.2 9.9 15.4 11.3 24.6
Table 5.2: OEE of Offset Printing Machine for 10 Shifts
Production parameters Shifts
1 2 3 4 5 6 7 8 9 10
Total Time (Min) 480 480 510 | 510 510 510 510 510 510 510
Production breaks 30 30 30 30 30 30 30 30 30 30
Machine Down time (Min) 150 300 390 | 300 345 210 225 105 75 90
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Production rates of machine 70 70 70 70 70 70 70 70 70 70
Total units Production 20165 | 10143 | 5043 | 3610 | 11531 | 20576 | 14415 | 23300 | 26415 | 20458
Total units rejected 104 52 26 19 59 106 74 120 136 105
Total good units Produced 20061 | 10091 | 5017 | 3591 | 11472 | 20470 | 14341 | 23180 | 26279 | 20353
Total planned production time 450 450 480 | 480 480 480 480 480 480 480
Total operating Time (Min) 300 150 90 180 135 270 255 375 405 390
Machine Availability (%) 66.7 333 | 188 | 375 | 281 56.3 53.1 78.1 84.4 81.3
Performance (%) 96 96.6 80 28.7 122 108.9 | 80.8 88.8 93.2 74.9
Quality (%) 99.5 995 | 995 | 995 | 995 99.5 99.5 99.5 99.5 99.5
OEE (%) 63.7 32 149 | 107 | 341 60.9 41.7 69.0 78.2 60.6
Table 5.3: OEE of Punching Machine for 10 Shifts
Production parameters Shifts
1 2 3 4 5 6 7 8 9 10
Total Time (Min) 510 510 720 510 510 750 840 510 510 630
Production breaks 30 30 30 30 30 30 30 30 30 30
Machine Down time (Min) 30 330 360 210 180 120 510 240 420 210
Production rates of machine 350 350 350 350 350 350 350 350 350 350
Total units Production 49650 | 70038 | 45250 | 69320 | 61290 | 134950 | 143500 | 57150 | 27000 | 24597
Total units rejected 545 769 497 761 673 1481 1575 627 296 270
Total good units Produced 49105 | 69269 | 44753 | 68559 | 60617 | 133469 | 141925 | 56523 | 24704 | 24327
Total planned production time | 480 480 690 480 480 720 780 480 480 600
Total operating Time (Min) 450 150 330 270 300 600 270 240 60 390
Machine Availability (%) 93.8 31.3 47.8 56.3 62.5 83.3 34.6 50.0 12,5 65.0
Performance (%) 315 | 1334 | 39.2 73.4 58.4 64.3 151.9 68.0 | 128.6 | 18.0
Quality (%) 98.9 98.9 98.9 98.9 98.9 98.9 98.9 98.9 98.9 98.9
OEE (%) 29.2 41.2 18.5 40.8 36.1 53.0 52.0 33.6 15.9 11.6
Table 5.4: OEE of Gluer (HB) Machine for 10 Shifts
Production parameters shifts
1 2 3 4 5 6 7 8 9 10
Total Time(Min) 510 510 720 510 510 510 660 480 690 1020
Production breaks 30 30 30 30 30 30 30 30 30 30
Machine Down time(Min) 90 120 90 270 60 240 120 30 90 120
Production rates of machine 26 26 26 26 26 26 26 26 26 26
Total units Production 6912 | 7776 | 8640 | 4300 | 8672 | 5400 | 9600 | 9150 | 12000 | 15600
Total units rejected 77 76 96 48 96 60 106 101 133 173
Total good units Produced 6835 | 7690 | 8544 | 4252 | 8576 | 5340 | 9494 | 9049 | 11867 | 15427
Total planned production time 480 480 480 480 480 480 630 450 660 960
Total operating Time(Min) 390 360 390 210 420 240 510 420 570 840
Machine Availability (%) 813 | 750 | 81.3 | 438 | 875 | 50.0 | 81.0 | 93.3 86.4 87.5
Performance (%) 68.2 | 83.1 | 852 | 788 | 794 | 865 | 724 | 83.8 81.0 71.4
Quality (%) 989 | 989 | 989 | 989 | 989 | 989 | 989 | 98.9 98.9 98.9
OEE (%) 548 | 616 | 685 | 341 | 68.7 | 428 | 580 | 77.3 69.2 61.8

Table 5.5: OEE of Lamination Machine for 10 Shifts

Percentage (%o} )

Overall Equipment Effectiveness{ 0EE)

Machine

- YRR, ¢

Number of Shifts

Number of Shifts Vs OEE

Punching Lamination
Machine

Printing
e Machineg

9 11 13 15 17 19 21 23 25 27 29

—

Fig. 5.1: Graphical representation of OEE of all 4 Machines in % for 30 shifts
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RESOUTCES Offset Printing Machin_g Punching Machine _

INR PP Wij INR PP Wij

Output 10264920 | NA NA 1645811 NA NA
Human 122000 | 84.14 | 0.0015 9500 173.2 | 0.0001348
Materials 2680352 | 3.8 | 0.03316 | 272000 6.05 0.00386
Capital 75000000 | 0.13 | 0.9279 | 70000000 | 0.0235 | 0.99362
Energy 3024000 | 3.39 | 0.0374 | 167640 | 9.8175 | 0.00386

Total Productivity (TP) 1.123425 0.0933

Table 5.6: Productivity of Offset Printing Machine & Punching Machine in % for 30 Shifts

RESOUTCES Gluer (HB) Machine _ Lamination Machine _
INR PP Wij INR PP Wij
Output 1296428.2 | NA NA 1167231 NA NA
Human 54000 24.007 | 0.00356 | 9500 122.86 | 0.0069
Materials 54309 23.87 | 0.00358 | 465678 2.5 0.33
Capital 15000000 | 0.086 0.99 900000 1.29 0.65
Energy 30000 43.21 | 0.00198 960 1215.86 | 0.000697
Total Productivity (TP) 0.3416 0.33711

Table 5.7: Productivity of Gluer (HB) Machine & Lamination Machine in % for 30 shifts

e
- = ’
LR ra

F b ]

Total Productivity

8 Total Productivity (TP)

Punching Glucr
machine

Printing
Machine

[ amination
Mackine  Nachine

® Printing Machine

Gluer

OverallEguipmentEfficiency(OEE) of
Machines in Percentage

tachime

45.52

® Punching Machine

B Lamination Wachine

58.67

16.63 25,03 -

Fig. 5.2: Total Productivity (TP) of all 4 Machines

Fig. 5.3: Average OEE of all 4 Machines in %

Downtime Reasons Frequency of Occurrence | Percentage of Occurrence
Machine cleaning 18 6
Color approval 14 5
All blanket cleaning 105 36
Ink tap roll cleaning 21 7
Plate fix and make ready 42 14
Coating blanket fixing 24 8
Whole ink dock cleaning 12 4
Roller washing 19 7
All unit blanket fixing 20 7
Cylinder cleaning 9 3
Roller change 7 2
Water change and maintenance 3 1
Table 5.8: Downtime of Offset Printing Machine
¥ ol O Downtime Frequency of Percentage of
) requency o oI fachine cleaning Reasons Occurrence Occurrence
3216 s T — Sheet loading 7 7
) Die setting 31 31
# All blanket cleaning Cleaning 17 17
w [k tap roll cleaning No job 18 18
® Plat fix and make ready Make ready 19 19
Cuttln_g 2 2
Fig. 5.4: Pie chart representing the Downtime of Offset correction
Printing Machine Two play 2 2
cutting
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Oiling

1

1

Die rubbing

1

1

Table 5.9: Downtime of Punching Machine

Frequency of Occurrence

® Sheet boading
% Dnz Setting

8 Cleanmg

# No job

® Make ready

o Cunting
comection

| Fig. 5.5: Pie Chart representing the Downtime of Punching

Machine
Downtime Frequency of Percentage of
Reasons Occurrence Occurrence
Cleaning 4 6
Settings 42 60
No Job 14 20
Block Setting 5 8
Box Setting 2 3
Make Ready 1 1
File Loading 1 1
Gripper 1
Problems

Table 5.10: Downtime of Gluer (HB) Machine

Frequency of Occurrence
11 6

® Cleaning
n Setungs

# No Job

Fig. 5.6: Pie chart representing the Downtime of Gluer (HB)

Machine
Downtime Frequency of Percentage of
Reasons Occurrence Occurrence
Roll cleaning 26 19
No job 5 4
Box cleaning 2 1
Gum cleaning 90 64
Mach_me 9 6
cleaning
Job change 7 5
Maintenance 1 1

Table 5.11: Downtime of Lamination Machine

'Fig. 5.7: Pie chart representing the Downtime of Lamination

Frequency of Occurrence

1

Machine

= Roll cleaning

= No job

® ABaxcleming

= Gum cleaning

& Machine cleaning

= Yob change
Mauntenance

Interpretation: On the basis of collected data and
we calculated OEE of the four machines for ten shifts (as
shown in Tables 5.2, 5.3, 5.4 and 5.5) and graph for thirty
shifts (Figure 5.1). We found out Availability, Performance
Efficiency, Quality Rate by using this data. we then
calculated average OEE and Total Productivity (TP) of the
four machines (Figures 5.3 and 5.2) respectively and
compared.

The Overall Equipment Effectiveness (OEE) of
Machines of the Printing Industry, the average values of
OEE (Figure 5.3) and Total Productivity (TP) (Tables 5.6
and 5.7). The average OEE of Printing Machine is 16.67%,
Punching machine is 45.5 %, Gluer Machine 25 % and
Lamination Machine 58.77% and Total Productivity (TP) of
Printing Machine is 0.1234, Punching Machine is 0.0933,
Gluer Machine 0.3416 and Lamination Machine 0.34711.
By improving availability and performance, OEE can be
increased, but world class OEE is 85%, availability is 90%,
performance is 95% and quality is 99% (Osama Taiser R
Almeanazel, 2010).

VI. CONCLUSION

OEE is a powerful tool to identify previously hidden
manufacturing losses and inefficiencies. Tracking OEE
scores and using them to drive improvements in
manufacturing processes is a vital step forward towards
world-class lean manufacturing for organizations of all sizes
and industries. OEE systems provide the rich functionality
necessary to expose exactly what percentage of production
time is truly productive and to dig deeper to reveal the
causes of lost productivity. Even increasing the OEE score
by 1% can lead to dramatic savings and turn-around lost
production time into a positive contribution to profit.
Fluctuation of OEE is seen, Value of OEE is observed to be
maximum in Lamination Machine which is not frequently
used. Printing Machine is the most frequently used machine
owing to its high usage, downtime is more hence OEE is
less. Calculating the OEE also gives the company where
they are and where is the weak point and how to improve.
As seen from the table the most common reason which leads
to downtime in these machines are: Cleaning which involves
all kinds of cleaning, Make ready in which the machine is
prepared for the new job coming up.

The Productivity values of Machines are shown in
the Figure 5.2, and in that the Total Productivity (TP) values
of Punching and Printing machines are low, because the
downtime is high, but TP values of Gluer and Lamination
machines are high, because downtime is low.

In Offset Printing Machine, the major downtime
reasons (Figure 5.4) are all blanket cleaning, plate fix make
ready and coat blanket fixing. These processes form a major
part of the system and cannot be done away with, 16.61%
value of OEE suggests that the equipment efficiency is quite
low. The usage of the machine is very high and requires a
lot of maintenance programs. Since this machine forms the
initial part of the printing process the matching of the color
as per the customer requirements takes a good amount of
time thus leading to downtime.

In Punching Machine, the major downtime (Figure
5.5) reason is due to the setting of the die. The die used for
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punching and embossing is provided by the customer to the
printing company. Setting of the die is a time consuming
process as precision is required in the output. Not all
products require punching, due to which, for certain periods
of time no job is done. This adds to the idle time of the
machine. Make ready and cleaning processes also increases
the downtime sufficiently.

In Gluer (HB) Machine, the main reason (Figure
5.6) for the downtime is setting of the final positioning of
the carton. Since this process forms the final part of the
output, inspection is carried out regularly to ensure precision
in the output. In addition to it, block setting and cleaning
leads to the increase in the downtime.

In Lamination Machine, OEE value suggests high
efficiency. The major downtime (Figure 5.7) of the machine
is gum cleaning as glue rolls have to be cleaned very often.
Further, not many products are wasted during the process.

The various problems occurring in the press can be resolved
or prevented from causing unwanted troubles leading to
decrease in the overall efficiency of the system by the
following methods suggested: The sequencing of jobs plays
an important role in saving time. The sequencing of jobs
depends not only on the assembly line of the industry but
also on the customers. Sometimes, even if a particular
sequencing decided upon by the experts saves a lot of time,
the sequencing has to be dropped because of early customer
demand. Thus the planned number of hours is not saved by
the company which therefore leads to drop in the overall
effectiveness of the machine. Hence sequencing of jobs
needs to be improved for better results.
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