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Abstract - This research investigates the social significance of
robotics studying robotics development in different industrial
robots. Our society accepts the use of robots to perform dull,
dangerous, and dirty industrial jobs. AI at their early
beginning, the two fields progressed widely apart in the
following decades however, a revival of interest in the fertile
domain of embodied machine intelligence, which is due in
particular to the dissemination of more mature techniques
from both areas and more accessible robot platforms with
advanced sensory motor capabilities, and to a better
understanding of the scientific challenges of the AI-Robotics
intersection. During this research on investigation of
integration artificial intelligence in robotic welding we are
focus on different type of welding robot using Artificial
Intelligence technique also gone through various research
paper on different type of welding with the help of AI.
The objective of this research is to contribute to this revival. It
proposes an overview of problems and approaches to
autonomous deliberate action in robotics. The Project
advocates for a broad understanding of deliberation functions.
It presents a synthetic perspective on planning, acting,
perceiving, monitoring, goal reasoning and their integrative
architectures, which is illustrated through several
contributions that addressed deliberation from the AI-Robotics
welding techniques.
Key Words: Artificial intelligence, welding technique,
Automation.
1. INTRODUCTION
In the present highly competitive business environment, well
run organizations continually strive to enhance their
capabilities to create excellent value for the customers by
improving the cost effectiveness of the operations.
Significant improvement has taken place in the management
of resources associated with manufacturing systems, to
reduce the wastage of resources. The Total Productive
Maintenance (TPM) concept provides a quantitative metricOverall Equipment Effectiveness (OEE), for measuring the
effectiveness of equipment or a production line. In this study,
a method is developed to evaluate Overall Resource
Effectiveness (ORE) by including the factors known as
readiness, changeover efficiency, availability of material and
availability of manpower. ORE addresses various kinds of
losses associated with manufacturing system, which can be
targeted for initiating improvements. Further, a case study is
presented for the evaluation of ORE in a manufacturing line.
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In today’s global and highly competitive environment, it is
essential for the survival of any firm to be adaptive, price
competitive, responsive and proactive and has the capability
to deliver world class products according to diverse
customer requirements. These challenges force companies to
implement various Lean tools to meet the needs of the everchanging market demand. To be a world class organization
and to be stable in the global market, the firm does not have
to operate worldwide or even nationwide. It may be a small
local organization, which leads in its area/fields embraces
and actively demonstrates to the characteristics of worldclass performance. World class performance maintains,
continued success through the development of an
organizational environment that is distinctly different from
peer and competitor firms in its philosophy and wealthcreating formula. A great number of companies find that in
spite of huge improvements in productivity, there is still a
bigger and better potential to utilize machine tools and reach
better productivity goals. One of the main methods to meet
these challenges is Total Productive Maintenance (TPM).
After TPM implementation, it is necessary to monitor the
overall effectiveness of the manufacturing system and
benchmark it with the World class standard which will
enable to continuously improve and become a World class
organization.
In the last few decades industries were forced to shift their
business models from closed system- orientations, to more
open system-orientations. This shift was brought about by
drastic competitive forces, which made the customer the
focus of organizational, operational and strategic practices.
Today’s industries are required to operate as open
operational systems. In such systems advanced operational
manufacturing and process technologies are blended with
modern information and communication technologies to
integrate and coordinate operational resources, processes,
and activities in order to generate a stream of value-added
operations aimed at capturing and sustaining a competitive
advantage. With the increasing complexity, scope, and
organizational role of operational advanced industry
technologies the maintenance of these technologies is
becoming very critical to the ability of the organization to
compete. In this context, maintenance management is taking
on a broader organizational strategic role.
“ORE” is an enhancement to the time honored “Overall
Equipment Effectiveness” (OEE) developed back. After
numerous implementations of the “OEE” philosophy in
various manufacturing environments it became clear that it
is not equipment alone that contributes to operational losses,
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but other resources and systems are at play. To transform the
philosophy into a truly all-inclusive tool we must measure the
human resource and planing and support systems as part of
the equation. Understanding ORE is a learning experience and
its use as a metric is achieved through actual time study
measurements. To truly understand ORE an organization
must go through the process of performing an ORE Study,
analyzing the results and implementing improvements. Going
through the process of sampling, analyzing, and creating an
improvement roadmap will pay for the effort with knowledge
gained.
2. LITERATURE REVIEW
Jamal Fattah et. al (2017) contributed to improve and
evaluate the performance of a production line, by using the
Overall Equipment Effectiveness (OEE) indicator. They
proposed and implement an OEE improvement approach
based on Best Manufacturing Practices (BMPs) and applied to
a case study of a production line at a food company. Nofri Eka
Candra et. al (2017) presented research to evaluate TPM
implementation, as a case study at sheeter machine cut size
line 5 finishing department, PT RAPP, Indonesia. In their
research methodology data were collected for Overall
Equipment Effectiveness (OEE) of sheeter machine and
computed its scores.
Normariah Che Maideen et. al (2017) found Overall
Equipment Effectiveness (OEE) is an important and reliable
method that could be adopted in manufacturing environment.
This method is significant to evaluate machines performance
and later setting up goals for the industry to keep improving
their performance. Nikunj A Patel et. Al (2016) focused on
efficiency and effectiveness are buzzwords words in today’s
competitive market. Greater the efficiency and effectiveness
more productive is the organization. Number of management
techniques has been developed over the years to manage the
manufacturing. Waste of time, energy, money and
overworked staff are common issues faced by manufacturing
company.
Pradeep Kumar et. al (2014) found 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. A.P. Puvanasvaran (2013) highlighted
on improvement of the Overall Equipment Efficiency (OEE)
of the autoclave process through the implementation of time
studies. Two types of time study are employed where the
initial time study conducted was the direct stopwatch time
study used to validate the current OEE standard. Maynard’s
Operation Sequencing Technique (MOST) is then adopted to
conduct the secondary time study. MOST study revealed the
significant value added and non-value added activities at
each sub process. MOST is used to evaluate the percentage of
improvement contributed to the OEE.
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V. Palanisamy et. al (2013) conducted a study and found that
Overall equipment effectiveness (OEE) is a concept where
the bottleneck operations of a particular process are reduced
to certain extent. A pilot scale study is under taken in the
product manufacturing industry and OEE concepts are
implemented in the job floor. The three parameters such as
availability, performance and quality of the process are
taken up for this purpose. The OEE concepts were
implemented in a periodic manner and continuous
improvement in the job floor was monitored which proved
some positive output. Rosario Domingo et. al (2013)
presented a new metric for describing the sustainability
improvements achieved, relative to the company’s initial
situation, after implementing a lean and green.
Manufacturing system. The final value of this metric is
identified as the Overall Environmental Equipment
Effectiveness (OEEE), which is used to analyze the evolution
between two identified states of the Overall Equipment
Effectiveness (OEE) and the sustainability together, and
references, globally and individually, the production steps.
Soniya Parihar et. al (2012) studied and found that OEE
measurement is also commonly used as a Key Performance
Indicator (KPI) in conjunction with lean manufacturing
efforts to provide an indicator of success. It quantifies how
well a manufacturing unit performs relative to its designed
capacity, during the periods when it is scheduled to run. It is
a well known concept in maintenance and is a way of
measuring the effectiveness of a machine which evaluates
and indicates how effectively a manufacturing operation is
utilized. Dal et al. (2000) describe that OEE appears so
differently in various OEE literatures as to reveal what levels
of Availability, Performance efficiency and Quality rate
constitute acceptable levels of OEE. They illustrate that OEE
achievement or the level setting is different across different
business sectors and industries.
3. METHODOLOGY
An industry can always consist of many equipments/product
lines based on their market position, customer requirement
and technical capability available in the firm. The product
must move in a sequential manner according to the layout of
the machines (processing equipments) as per the product
routing. First, the raw material enters process-1, then
process-2 and then proceeds till to the final process, through
‘n’ processes. Each process/manufacturing line utilizes the
resources such as Man, Machine (includes Jigs and Fixtures
and Gauges and Instruments), Material whose performance
needs to be improved rather than concentrating only on
machines.
Availability, Performance and Quality rate are the factors for
calculation of Overall Equipment Effectiveness (OEE). This
classification of losses includes all the down time events
(equipment and process related) into one category and leads
to the factor of availability, hampering the identification of
losses in stratified manner. In addition to that, if planned
down time is not taken into account in calculation of
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effectiveness which leads to excessively long planned
activities. The next problem in OEE calculation is there is no
separate metric or method to monitor the losses due to nonavailability of manpower and material (components, subassemblies and WIP) which are also extremely important for
effectiveness of a manufacturing system. The existing OEE
factors are not sufficient for assessment of losses
individually in a manufacturing system. Hence, an attempt
has been made in this study to address the losses associated
with manufacturing resources with separate metrics which
enable the engineers and managers to initiate the
improvement action on the specific metrics/losses.
Generally to evaluate a production unit, it is not an easy task
to do so. Plant can be evaluated on the basis of various
parameters. One of the best parameter to evaluate the plant
is OEE & ORE. This two performance parameter will guide
the higher authority to understand the issues related to
production. The Problem can be described as:
1.
2.
3.
4.

To evaluate the performance of the plant
considered under case study.
To identify the various types of losses in plant.
To suggest different remedies to overcome the
losses in plant.
Also suggest maintenance to implement TPM

Following are the common gaps identified:
1.
2.
3.
4.

5.

The Availability portion of the OEE Metric represents the
percentage of scheduled time that the operation is available
to operate. The Availability Metric is a pure measurement of
Uptime that is designed to exclude the effects of Quality,
Performance, and Scheduled Downtime Events. The losses
due to wasted availability are called availability losses. [4]
Quality
The Quality portion of the OEE Metric represents the Good
Units produced as a percentage of the Total Units Started.
The Quality Metric is a pure measurement of Process Yield
that is designed to exclude the effects of Availability and
Performance. The losses due to defects and rework are
called quality losses.
Performance and productivity
Also known as "process rate", the Performance portion of the
OEE Metric represents the speed at which the Work Center
runs as a percentage of its designed speed. The Performance
Metric is a pure measurement of speed that is designed to
exclude the effects of Quality and Availability. The losses due
to wasted performance are also often called speed losses. In
practice it is often difficult to determine speed losses, and a
common approach is to merely assign the remaining
unknown losses as speed losses.

Plant evaluation is performed only by considering
the input & output parameters of production
process.
Analysis related to breakdown in machinery &
maintenance is not yet performed by previous
author.
Kind of maintenance to be opted is not yet
suggested by the previous researcher.
Overall resource effectiveness (ORE) is one of the
good parameter to evaluate the plant.ORE has not
yet been utilized by previous researcher to evaluate
the plant.
Various type of loss occur in plant is not highlighted
by previous authors.

OEE breaks the performance of a manufacturing unit into
three separate but measurable components: Availability,
Performance, and Quality. Each component points to an
aspect of the process that can be targeted for improvement.
OEE may be applied to any individual Work Center, or rolled
up to Department or Plant levels. This tool also allows for
drilling down for very specific analysis, such as a particular
Part Number, Shift, or any of several other parameters. It is
unlikely that any manufacturing process can run at 100%
OEE. Many manufacturers benchmark their industry to set a
challenging target; 85% is not uncommon.


Availability

OEE
is
calculated
with
the
(Availability)*(Performance)*(Quality)
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Figure 1. Overall Equipment Effectiveness Model
Table 1: Calculation for OEE
Week

Availability

Performance

1
2
3
4
5

0.69
0.69
0.67
0.66
0.74

0.76
0.79
0.76
0.79
0.76
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Quality
Rate (Q)
0.88
0.90
0.88
0.82
0.82
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OEE=
Ax Px Q
45.91
49.41
44.78
42.66
46.28

6
7
8
9
10
11
12
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0.64
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www.irjet.net

0.87
0.90
0.83
0.89
0.87
0.86
0.85

50.82
49.22
44.34
46.12
40.20
42.53
44.16

Evaluation of Overall Resource Effectiveness (ORE)
The factors including new factors (Readiness, Availability
of Facility, Changeover Efficiency, Availability of Material,
Availability of Man power) and the inputs required for
evaluation of ORE are presented below.
i.

Readiness (R)

The “Readiness (R)” measure is concerned with the total
time that the system is not ready for operation because of
planned down time due to preparatory/ planned activities.
Readiness indicates the ratio of planned production time to
the total time available:
Planned production time
)
Total time = Shift time or period decided by the
management
Planned production time = (Total time-Planned down
time)

Preparatory work like cleaning, inspection of
machine, initial part inspection, lubrication,
tightening, Data collection and updation

iii.

Changeover Efficiency (C)

The Changeover Efficiency (C) measure is concerned with
the total time that the system is not operating because of Setup and adjustments. It indicates the ratio of operation time to
the Loading time:
)
Operation time = Loading time-Set-up and adjustments.
Set-up and adjustments include:
i.

Changeover time of tools, dies, jigs and fixtures

ii.

Minor adjustments after the changeover

iv.

Availability of Material (Am)

In manufacturing scenario, sometimes, the raw materials,
components, sub-assemblies are not available due to
shortages and various other reasons. The “Availability of
Material (Am)” measure is concerned with the total time that
the system is not operating because of material shortages. It
is the ratio of running time to the operation time.
)
Running time = Operation time-Material shortages.

• Non-availability of raw materials, consumables,
parts and sub-assemblies
• Non-availability of WIP

ii.

Meeting, Audit, operator training

iii.

Proto sample processing for R and D requirements,
Process engineering study

ii.

Non-availability of gauges and instruments, test rigs
related to facility.

Material shortage includes:

Planned down time includes:
i.

iii.

Availability of Facility (Af): The “Availability of
Facility (Af)” measure is concerned with the total
time that the system is not operating due to down
time of facilities. It indicates the ratio of loading time
to the planned production time:

v.

Availability of Manpower (Amp)

In manufacturing system, sometimes, the operator/s may
not be available at work station due to absenteeism,
discussions. The “Availability of Manpower (Amp)” measure
is concerned with the total time that the system is not
operating because of absence of manpower. It is the ratio of
Actual running time to the Running time:
)

)
Loading time = Planned production time-Facilities down
time.

Man power absence includes:

Facilities down time include:
i.
ii.

• Permission, Leave and absenteeism
• Discussion with supervisor, team leader
• Medical related

Down time of machine and its accessories.
Non-availability of tools, jigs and fixtures.
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Table 2: Comparison of Overall Resource Effectiveness
(ORE) & Overall Equipment Effectiveness

Performance Efficiency (P)

The “Performance efficiency (P)” measures the total time
that the operator how efficiently utilizes. It is the time
earned in producing the product as against the actual
running time. Performance efficiency is the ratio of Earned
time to the Actual running time.

Week

)
Earned time = Cycle time/unit X Quantity produced.
vii.

Quality Rate (Q)

The “Quality rate” is the rate of quality products produced by
the system. It is the ratio of Quantity of parts accepted to the
Quantity of parts produced:
)

1
2
3
4
5
6
7
8
9
10
11
12

Overall Resource
Effectiveness
(ORE)
32.38
35.44
32.92
32.12
29.87
41.91
33.24
33.92
36.66
31.23
34.57
36.15

Overall
Equipment
Effectiveness
45.91
49.41
44.78
42.66
46.28
50.82
49.22
44.34
46.12
40.20
42.53
44.16

Quantity of parts accepted = Quantity produced-Quantity
rejected.
Overall Resource Effectiveness (ORE)
The “Overall Resource Effectiveness (ORE)” is the measure of
overall effective time of the manufacturing system
(resources). It is the product of Readiness (R), Availability of
Facility (Af), Changeover Efficiency (C), Availability of
Material (Am), Availability of Man power (Amp),
Performance Efficiency (P) and Quality rate (Q).
Overall Resource Effectiveness (ORE) = Readiness (R) X
Availability of Facility (Af) X Changeover Efficiency (C) X
Availability of Material (Am) X Availability of Man power
(Amp) X Performance Efficiency (P) X Quality rate (Q) X 100:
ORE = R × Af × C × Am × Amp × P × Q × 100
ORE will be much helpful to the decision maker for further
analysis and continually improve the performance of the
resources. This is used to identify the current status of
manufacturing system and also for benchmarking the
manufacturing effectiveness with the World class standard
to become a World class organization.
A case-based approach is used to illustrate the proposed
method of Overall Resource Effectiveness (ORE) calculation.
A major product of a manufacturing company is considered
for the study. The application of ORE and its factors within
this environment is presented. In order to start the ORE
measurement process, operational performance data
collection for seven ORE variables viz., Readiness,
Availability of Facility, Changeover Efficiency, Availability of
Material, Availability of Man power, Performance Efficiency
and Quality rate was carried out and presented in Table.
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Figure 2 : Comparison of Overall Equipment Effectiveness
& Overall Resource Effectiveness (ORE)
The Overall Equipment Effectiveness (OEE), Overall
Resource Effectiveness (ORE) and their factors are
calculated and tabulated in Table 4. The proposed method
provides the complete information on various losses
additionally in a stratified way to initiate appropriate action
for improvement. The trend of various factors of ORE is very
much useful for monitoring the losses on a continuous basis
and base for further improvement.
OEE factors do not provide the planned production time
losses with separate metric where there is scope for
improvement. Readiness in ORE provides the losses on
account of planned production time. OEE shows the mainly
the uptime of machine, but ORE considers the whole facility
like Machines, Tools, Jigs and Fixtures and Gauges and
instruments.ORE shows the stratified lost time of Set-up and
adjustments which can be improved by using SMED (Single
Minute Exchange of Dies) concept. Many companies are
facing the materials and component shortages. The factor
Availability of Materials addresses the material shortage
separately to initiate action on the external and internal
suppliers. Operator leave and absenteeism is also addressed
including small portion of absence due to discussion with
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|

Page 1582

International Research Journal of Engineering and Technology (IRJET)

e-ISSN: 2395-0056

Volume: 06 Issue: 07 | July 2019

p-ISSN: 2395-0072

www.irjet.net

supervisors and team leaders. Operators can be motivated to
reduce leave and absenteeism. In addition to the above,
action can be initiated for improvement of Performance
Efficiency and Quality rate to enhance the ORE continually.
4. CONCLUSION & FUTURE WORK

6.

This study presents the developed Overall Resources
Effectiveness methodology for performance measurement.
The measurement of ORE leads to the focused improvement
required to enhance the effectiveness of manufacturing
system. ORE provides a useful guide to aspects of the
production process where losses can be targeted which are
created by the resources. In order to utilize the ORE measure
effectively, it must be made convincing and possible to
manufacturing environment. For this, the real effectiveness of
the manufacturing system is calculated fully using the
method developed and presented in this study. The
effectiveness measurement using ORE is good enough to
improve the effectiveness of resources. The results of the
study show that the proposed method of ORE will be helpful
for today’s organizations to initiate improvement activities
towards enhancing the overall performance of resources by
identifying the problem exactly (based on the proposed
factors) and thus achieve business excellence by effective
utilization of the available resources. Further, the metric ORE
can be used as a benchmark at various levels to achieve
world-class standard.
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