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most convenient for the organization.

TQ Managed organizations: decisions based on
customers> wants and expectations.

Long-Term vs. Short-Term Orientation

Traditional organizations: think and plan concerning
short-term outcomes

TQ Managed organizations: belief in much more
significant periods. This requires patience.

Data-Driven vs. Opinion-Driven

Traditional organizations will manage by opinion. They
guess what their customers want and think of waste
costs, etc. They start with the solution.

TQM organizations: base their decisions on data they
collect, customer needs, waste, costs, and the sources
of problems. They begin with the data, not with the
solution.

Elimination of Waste vs. Tolerance of Waste
Traditional organizations waste management, whether
time, materials, etc., as a regular part of their operation.
TQ Managed organizations: very active in identifying

-

wasteful activities and eliminating them.
Finally, | will end up our article by referring to continuous
improvement. A Problem-Solving Process

Develop courses of action: Notice that courses are
plural. For every problem, there are usually several
possible courses of action. Identify as many as you
can. There are always at least two: fix it or donst fix it.
Brainstorming with your team will typically generate the
most and best courses of action.

Analyze and compare courses of action: Rank the
courses of action for their effectiveness. Some activities
may fix other problems, while others may cause new
problems.

Make a decision: Select the best course of action to
take.

Make a plan: Use the planning tool covered in the first
part of the section.

Implement the plan: Take steps to put the plan into
action.

Al-Mohandis
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Impact on Total Quality Management by
Industrial Engineering

)

Majed Al Rifai

Industrial Engineering focuses on improving processes or designing more
efficient things and wasting less money, time, raw resources, human resources,
and energy while following safety standards and regulations.

From that aspect, we pick the topic of total quality management.

Total quality management consists of organization-
wide efforts to install and make permanent climate
where employees continuously improve their ability
to provide on-demand products and services that
customers will find of particular value.

Total Quality Management applied with different
concepts such as :

TQM refers to a management process and set of
coordinated disciplines to ensure that the organization
consistently meets and exceeds customer requirements.
TQM engages all divisions, departments, and levels of

Al-Mohandis

the organization. Top Management organizes all of its
strategy and operations around customer needs and
develops a culture with high employee participation.
TQM companies are focused on systematically
managing data of all processes and practices to
eliminate waste and pursue continuous improvement.
Values of industrial engineering its to improve the
organization quality management of the organization
by the following concept

Customer-Driven vs. Company-Driven.

Traditional organization: decisions based on what is
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Chemical Product Design

Specialty chemical products include petrochemicals,
pharmaceuticals, green chemicals, food products,
household care consumables, and cosmetics.

In different sectors chemical products are undergoing
continuous changes to meet the expectations of
the consumers in addition to continuously stricter
environmental requirements. The fabrication of a
chemical product is a multistage process starting
from synthesis, design, optimization, operation, and
control. The successful execution of the previous steps
would transform raw materials into valuable products.
Furthermore, the design of a chemical product requires
deep understanding of the properties of the materials
and usage functions. Chemical products can be
classified into six categories as follows: specialty
chemicals, bio-products, formulated products, devices,
technology-based products and virtual chemicals,
where each category has a special identity.

For example, specialty chemicals can be defined as
pure compounds that are delivered in small quantities
and may serve specific functions. Formulated products
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such as cosmetics and food represent a large market
and can be defined as combined systems where various
raw materials are blended to deliver a multifunctional
product with specific appearance and properties.

The growing concern and continued development in
health care applications trigger the need to develop
bio-products that include bio-materials, drugs, tissue
and metabolic elements. Moreover, products that
cannot be classified as pure compounds, mixture or
fabricated bio-materials may include devices that carry
out a physical or chemical transformation.

There has been major changes in the chemical industry
during the last two decades. The dominance of commodity
chemicals has been eroded by a newer emphasis on
products such as specialty chemicals [9]. Chemical
process industries have always launched successful
new products. However, the dynamic and demanding
markets require companies to adopt a more systematic
approach to bring the new product to the market faster
and cheaper to guarantee competitiveness. Chemical
Product Design and Engineering is becoming more
important as a consequence of this change.



significant growth in the industry and the production

of various optimal designed products that serve
specific needs using various tools including computer
optimization software. In general, the process of
product design encompasses the following steps:
market needs, ideas, material selection and finally
manufacturing and process control and optimization.
Chemical Product Engineering

Chemical product engineering is the science and art
of creating chemical products, a much larger concept
encompassing chemical product design. In other words,
chemical product engineering can be seen as the general
background of knowledge and practice supporting the
concrete task of designing chemical products and their
manufacturing processes.

One of the crucial challenges facing modern corporations and
industry is the growing competitive and dynamics market.

A successful business requires continuous monitoring
of consumers’ needs and delivering valuable products
at competitive prices and high quality, while addressing
environmental regulations. Therefore, researchers from
various fields of industry including but not limited to
management, marketing and engineering design always
devote attention to development of new products and
issues associated with the fabrication of the products
such as environmental concerns. When designing a new
product, different factors are usually combined such as
strategic and technical effort. Here, strategic planning
is required to deliver a successful launch of the product,
while technical effort focus on design, manufacturing,
control and process optimization aspects. Therefore, a
growing number of researchers from different fields of
engineering including chemical engineering have devoted
attention to the area of efficient design of new products.

Al-Mohandis
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Product design can have various interpretations, among them is the definition
as the entire procedures required to deliver a product with defined properties
that serve a specific need in society or industry based on inputs from various
segments. For instance, inputs from the industry of how the product may serve
and what specifications should be considered during the manufacturing process.
Items that can be considered include environmental and regional regulations.
An example of environmental friendly product design is the manufacturing of a
greenhouse ventilation system, where the house is designed to attenuate energy
consumption and maintain required rate of fresh air exchange. In such a process
of product design of a household air exchanger, various elements need to be
considered including heat and humidity.

In addition, material selection is a significant factor important with the growing changes in industry and
in the manufacturing of such a device to take into regulation to protect the environment. For example,
consideration environmental impacts such as energy the manufacturing process of synthetic textile fiber has
conservation, corrosion and exhaust gases if any. been continuously developing since 1950. Starting from
The topic of product design has become even more constant production of natural fiber in 1950 until The

15 | Al-Mohandis
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2- Planning and design: technologies such as BIM should

be adapted for its numerous benefits towards the project
and managements of information, which will save a lot of
time and prevent issues at early time to allow the team to
take action before starting the project or tasks.

3- Investment: the organizations must be willing to invest
in implementing new technologies. Any commitments to
implement will need a steady and Proper Funding. knowing
that there is now a vast range of new technologies, such
as drone, 5D modeling, virtual and augmented reality
that can help in improving productivity.

4- Increased use of prefabrication models the greatest
boost in productivity will be through the extensive use of
modular and prefabrication construction. This process,
where most of the construction components made off-
site, is cheaper, safer, and more efficient.

5- Reskill the workforce: Aging workforce are leaving
the industry and skilled workers are hard to find.
Therefore, an industry-wide strategy, in collaboration
with governments, is needed to lure younger employees
to the construction business while also reskilling those
who are already working.

CONCLUSION

Over the years, the construction industry’s productivity
has been criticized repeatedly, and efforts have been
made to enhance project performance. Given its
importance, achieving the highest level of productivity in
construction should be a top focus. This report attempts
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to study poor productivity in the sector and figure out
what's causing the low productivity. This report also
explains the challenges faced, the impact of the problem
and suggests steps to improve productivity. Digitization
and technology implementation are at least a part of the
solution. For this to happen, businesses must make a
clear commitment to invest in digital technology now so
that they can address low productivity in the future.
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delays, and, most importantly, keeping the project on
schedule and within budget. Improved communication
has the potential to solve the majority of construction
issues. Miscommunication and inaccurate information
on sites contribute to 31$ billion spent on rework (Fails
Management Institute, 2018).

3- Coordination issues

Hundreds - even thousands - of people may be assigned
to a construction project, each with its own set of
responsibilities and objectives. Main contractors, sub-
contractors, architects, engineers, suppliers, and the
project owners must coordinate and work together to
bring the project to life and achieve the desired outcomes.
Lack of coordination would result in mistakes, which will
lead to wasted time and low productivity.

4- Inefficient use of time

Only 30% of the time workers do spend on the actual tasks
of a building and the remaining 70% is spent on work
preparation and gathering equipment and resources
(Callinan, 2019). A portion of that time is spent waiting
to be told what to do next. According to Humphrey, every
day, up to 90 minutes are lost simply “looking for stuff.”,
such as job information, materials, and Misplaced tools
(2015).

5- Lack of context around tasks

Labors are frequently given work with little or no context.
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Simply put, they are instructed what to do but are not
provided with the necessary information to accomplish a
task effectively. This issue adds to the already massive
operational wastes in the construction industry. Due to
its productivity lag, the sector is currently wasting $1.6
trillion (Callinan, 2019).

THE IMPACT OF POOR PRODUCTIVITY
Poor productivity can have a serious impact on the
employees, business and the whole economy. There are
few impacts including: (Mansinghka and Mohan, 2021).
1- Lower profitability.

2- Employee disengagement and lower team morale.

3- Sub-optimal utilization of the workforce.

4- Lack of motivation and creativity.

5- Delays in project timelines.

6- Workplace toxicity and high employee turnover.
HOW TO IMPROVE PRODUCTIVITY
According to Snook, multiple aspects might be applied
to improve the construction industry>s productivity.
To boost efficiency, technological solutions must be
integrated into the construction process (2018).

1- Managing large groups of employees: difficult
task that is still commonly carried out using paper
spreadsheets, resulting in a variety of financial leakages
and inefficiencies. Digitizing this process can reduce
waste and increase productivity.

Al-Mohandis
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Construction productivity is a cause of concern for its
vital contribution to the economy, as it can be described
as the engine of economic growth. Therefore, identifying
and evaluating the factors that contribute to low
productivity in the construction industry is important to
determine the root cause of the problem, which leads to
implying the solutions more efficiently.

WHAT IS PRODUCTIVITY?

Productivity is a commonly used term by a large range
of different people doing different things. The term has
different meanings for different people (Adrian, 1987).
There is no one definition of productivity it should be

Total-factor productivity =

Hence, productivity is one of the most important aspects
of an organization performance and competitiveness
in the marketplace, and it directly converts into cost
savings and profits.

FACTORS THAT INFLUENCE PRODUCTIVITY
Researchers in the field of construction management
have been trying to identify the reasons behind poor
productivity and several studies have been conducted
from different points of view.

Adrian categorized the factors affecting productivity in
construction as industry-related factors, labor-related
factors, and management-related factors (1987).

Firstly, the industry factors, which are the characteristics
of the industry, such as uniqueness of projects, different
locations, uncertain weather, and seasonality. Secondly,
the labor factors include lack of motivation and training.
Lastly, the management factors mostly related to a lack
of tool or technique in the management.

Olomolaiye, Jayawardane, and Harris have divided
the productivity aspects into two categories (1998).
The external factors, which cannot be controlled by
the organization’s management team. The internal
factors that originate within the organization and can
be controlled. The industry’s traditional way of delivery,
which separates the design and construction stages
has affected the construction productivity through lack
of access to drawings, design changes, and continuous
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defined based on the context in which it is used. In
general, productivity is the relationship between the
output generated and one or more of the associated
inputs dedicated to the production process (National
Research Council, 1979). A high level of productivity
indicates efficient resource allocation and substantial
profits. In essence, it is a measure of how efficiently we
utilize the available resources to generate the products.
Theseresources (inputs)include manpower, management,
material, capital, technology, and equipment. These
factors are called total-factor productivity and can be
measured by using the following formula.

Total output
Total nput

rework. Furthermore, the construction process is very
likely to be affected by weather conditions as it is an
outdoor industry. Internally, management inefficiencies
could lead to wastage of resources and productivity;
introducing modern technologies and labor training
would increase productivity.

CONSTRUCTION PRODUCTIVITY CHALLENGES
To effectively apply the right solutions to the problem of
low productivity, we must first know the challenges facing
it to overcome them. Five challenges can contribute
to the lag of the construction industry's productivity
(Callinan, 2019).

1- Lack of technological advancement

Advancement in technology has a major impact on all
industries. While there are few technologies are been
used in the construction industry, it has been slow in
adopting new technologies comparing to other industries.
Lack of new technologies and using traditional tools is an
issue because of its time-consuming and the possibility
of losing documents, moreover, it attracts mistakes,
which will compromise productivity. Applying new
technologies, such as building information management
(BIM) and drones to monitor workers will keep the labor
safety and the project on track.

2- Lack of communication

Communication is essential in every construction job.
It is essential for increasing productivity, preventing



issues that the construction sector faces, especially in
developing nations (2008).

Low productivity is a problem that affects many
countries, not only the United Kingdom. The recent
report by the World Economic Forum shows a 19% drop
in the United States construction industry’s productivity
since 1964 While all other industries have, by contrast,
show a 153% increase in the same period of time
(WEF, 2016). (See Figure 1). As indicated by the recent

report from the Chartered Institute of Building *. Poor
productivity growth in construction is not just a UK
phenomenon.” (CIOB, 2016).

Figure 2 shows the UK's productivity growth comparing
with other sectors since 1994, as it is clear that
productivity in the construction sector has been flat in that
period of time, on the contrary with other manufacturing
industries, wherein 2015 was over 50% superior to 1994
levels (Office for National Statistics, 2016).

US Industry Productivity and Performance, 1964-2012

Index of US labour productivity
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Figure 1: World Economic Forum in collaboration with the Boston Consulting Group, 4 May 2016.
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Figure 2: Office for national statistics: Labour Productivity, April 2016.
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Poor Productivity in the
Construction Industry

Eng. Mohammed Ahmed Ali

Poor productivity in the construction industry has long been a concern for decades.
The importance of construction productivity is linked to the industry»s significant
contribution to the national economy. In the construction sector, labor productivity
improvement has been overlooked, resulting in cost and time overruns, poor
quality building, endless claims and disputes, and in extreme circumstances,
project abandonment. This report will present an overview of the construction
industry’s productivity and explain what is productivity. This paper will also reflect
on the significant factors of poor productivity, challenges faced, and how things
could be improved. The primary cause of productivity loss was thought to be
unproductive activities, such as waiting, rework, and idling. This study aims to
identify the root causes of the issue to assist in productivity improvement.

The construction industry is one of the largest
and most challenging sectors contributing to the
economy and gross domestic product (GDP) of most
developed countries (Park, Thomas and Tucker, 2005).
Construction may account for 10% of GDP in developed
European countries, and much more in other advanced
countries (Chen, et al., 2009; Hassan & McCaffer,
2002). The construction industry is always regarded
as a labor-intensive industry, which makes it high-risk
industry. Therefore, labor productivity is one of the
most significant risks in construction (Kazaz, Manisali
and Ulubeyli, 2008). Large-scale production, open job
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sites, and substantial fragmentation in the process
are the main features of this industry, thus according
to Dacy, the construction Industry has traditionally
been seen as an ‘incredibly inefficient” sector (1965).
One of the critical features of the industry is its poor
productivity comparing to other industries especially
manufacturing-led ones, which leads it to receive a
great consideration from clients and decision-makers.
Poor productivity in construction was recognized as
one of the major obstacles facing the construction
sector. According to Lawal, P.O. the poor productivity of
laborers has been regarded as one of the most daunting
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An example of the traditional lingo used by Najdi
builders is the middle yard, which would translate to
“The belly of the house” . “The house with the column”
refers to any structure with a big room that has a
supporting column in the middle, holding up the roof.
“Haja” is the direct equivalent of the word parapet,
the barrier wall along the edges of a roof. “Beads”
are not beads at all; in fact, they refer to the stubs
on which columns are erected and fixed. The *Duct”
is a narrow alley that connects the home's front gate
to the yard. A “Yard house” is a type of home that
has few rooms, but with spaces that substitute for
actual rooms that are simply extensions of the yard.
A “Diwaniyah” is where guests are received and
entertained, tending to be more pleasantly decorated

than the rest of the house, with extensive use of
plaster. A *buffer’ is a wall that directly faces the
front door from the inside, preventing visitors from
seeing the innards of the house.

The collective collage of these details and many more
amalgamate into a beautiful cornucopia of human and
cultural diversity that has shaped present-day Diriyah.
In its immediacy, the city is the starting place of the First
Saudi State 300 years ago and a communal home to
the Turaif Historic Site, which made the UNESCO World
Heritage list.

The Diriyah Gate Development Authority’s strategy
revolves around ensuring the sustainability of its locale
as an integral part of Vision 2030s aim to achieve a
developmental renaissance, triumphantly celebrating
Saudi Arabia’s rich culture and heritage.
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strenuous process of laying the foundation either with
stone or clay, the walls would then be erected.

It was a long, labor-intensive operation that required
large amounts of clay, especially if columns and girders
were involved. Straw clay or “Pulpn” was the primary
construction material used.

Slowly but surely, the walls would rise and rise, and
doors and windows were added as the builders went
along. Utilities were built in continuation as needed,
such as the men’s gathering halls and kitchens. A
cranny was built to store palm dates, and a suitable
location was chosen to set up a grinding wheel. The
underground water tank needed its own trough and
other ancillaries as well.

Najdi builders had their “Kits” throughout the process,
which included staples like spades, pickaxes, trowels,

and crowbars, as well as additional tools.

At the builder's discretion, the choice of which tool to
use was dependent on the job at hand. These tools
were resourcefully adapted into general-purpose tools
that people could use for a variety of tasks within their
community.

Akin to every industry, builders had their own jargon that
was used to communicate efficiently and effectively.
Their vocabulary covered everything that encompassed
their day-to-day activities, from parts of a structure to
materials, even to building methods. A given term could
be used to describe several things, and conversely,
multiple terms could be used to describe a given object.
For example, a ‘room” could be any enclosed space
within a home; a ventilation hatch in a ceiling could be
called many things, such as scouts, samawah, swama,




Each various type of clay served a different purpose:
pure clay was used for plugging holes and cracks, or for
leveling out surfaces. Straw clay, a surprisingly precise
mix of clay, hay, sand, and water, was utilized as the
main building material. Hardened clay was spread over
roofs that had cracked under the scorching sun in the
summer and when the first winter rains arrived, the clay
would soak and fill the cracks in.

The types of stone used in traditional Najdi construction
also varied in type, shape, and size. Sandstone or
limestone, known as soft rock, was the most widely
used and was readily available in mountains and
plateaus.

Before the fabrication of buildings or houses could even

begin, traditional Najdi construction was dependent
upon selecting sites best suited for construction. This
meant preparing the site, digging its foundations with
specific tools and mechanisms, and identifying the
amount of space needed to build.

All of these variables were compounded when taking
into account the number of family members the
building would house and the benefits that the building
could provide to them in accordance with their daily
requirements.

Once settled, the location was prepared and dug out for
foundation using specific methods and tools. After the
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was the use of tamarisk wood for roofing in narrower

structures, as well as for making doors and windows.
In larger structures, sturdier palm trunks were used
instead, withtamarisk and palm leaves layered together
to form the paneling.

It took considerable precision to produce the ideal
mixture of clay, hay, and moisture, especially
considering the dual utility of the mixture’s use for
building walls. Walls needed to be thick enough to
provide adequate heat insulation, keeping hovses cool
in the summer and warm during the winter months.

A trademark of most structures was the center yard,
referred to colloquially as the Belly of Al-Hawi, which
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collected cool air and directed it through the doors
and windows that opened onto it. That passing air
will become even cooler if it Flowed through irrigated
palm groves, therefore residents adorned the house’s
surroundings with the tree’s billowing leaves.

Thanks to its consistency and low risk of cracking,
surface clay, usually found in farmlands, was the best
kind of clay to use, due to its dexterity nature in the
context of agriculture.

The constant contact with water cleared out salts,
making the clay more consistent. Underground clay
on the other hand, needed to be dug out until the right
purity was found.



The construction of sustainable, enduring structures

was such a necessity that Najdi structures have
become nearly synonymous with Arabian culture at
large, as the architectural monuments from the period
still stand to this day.

One of the most prominent traits of Najdi architecture is
the almost exclusive use of locally available building
materials, a practice that speaks to the area’s nature
and climate and describes traditions, history, and
culture during a period where resourcefulness was
paramount.

Ancient Najdis built their structures in blissful
cooperation with the area’s arid, dry continental
climate. Ventilation was of monumental importance,
and these vents were designed into the exterior of
structures. Walls were built with enough thickness to
insulate the building and keep the heat out, and interior
yards provided shade and helped keep buildings cool.

Narrow streets and alleys kept pedestrians shielded
from the scorching sun and small koi systems on the
offshoots of buildings were another feature to resist the
generally hot weather.

During the night and colder periods throughout the year,
the interiors of builders were kept heated with thermal
insulation lodges.

An unifying theme of purpose defined many of the
structures during this period. The use of local, readily
available materials characterized traditional Najdi
architecture. Clay was an essential building material
for a myriad of structural uses, from mosques to hovses
to high walls that fortified communities. Stone was used
primarily for the foundations of structures that were
susceptible to erosion caused by groundwater, while
plaster was used not only to add aesthetic features to
the building, but also to keep the heat out.

Another trademark of historical Najdi architecture
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Najdi Architecture: Where Hum:

Bassim Abdulhadi

with Environment’
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Historically, architecture has always been about how to make the most of the
available space, about striking that often elusive balance between form and
function, between appeal and structure. The fundamental essence of the art lies at
the intersection of aesthetics and feasibility, a junction that builders have pondered

on for centuries across the world.

Just as a structure needs to be livable, it also needs
to be durable. As far as appearances are concerned,
the way a structure looks (its shape, ornamentation,
colors, patterns, etc). speaks to the very nature of
its environment. It is a physical representation of
how native humans interact with the objects in their
immediate and extended surroundings, an arranged
embodiment of human’'s imperative relationship with
their environment.

As humans’ living conditions evolve and have taken
shape over time, so too does the architecture. Building
design, in both structure and appearance, has continued
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to change throughout the course of history, This change
is still being intimately studied till this day, as a physical
conduit that gives shape and meaning to the culture
of the people who lived through any given time period.
Analyzing the architecture of an epoch is an integral
part of understanding how people lived and survived in
their environments, and it's the architecture of the time
that tells these stories.

Given the nature of the land and the prevailing climate
within the territory of Najd in the central Arabian
Peninsula, ancient Najdi Architecture seemed to
prioritize longevity above everything else.



manufactures have developed the Pressure Injection
Procedure and named as DVV. In this case two different
injection resin having high and low conductive behavior
are used. Depending on the severances of the erosion
and the measurement results of contact resistance (low
contact resistance indicates good contact between bar
surface and iron core and high resistance vice versa)
gives indication on which bar which resin has to be
applied.

If high contact resistance and heavy signs of erosion
marks on bars are detected only high resistance resin
could be applied. As erosion leads to a reduction of
the thickness of the insulation and hence insulation

L! Phase volioge

material lost or in other words holes produced need to
be filled up with an insulating resin and a conductive
resin can not be used because it will lead to short circuit
to the iron core and therefore is not recommended.

But if insulated resin is applied, no electrical contact
takes place and hence discharges will still remain
present. In this case within very short time, the insulated
resin will disappear again due to erosion. Therefore,
only experienced Engineer can investigate the
condition of the winding system as by injecting wrong
resin at wrong places can damage the winding in a very
short time.

4. Exchanging phase side with Star point side.
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Sketch 1 simplified configuration of Generator Stator winding

Every generator stator winding is connected according
to a more ore less complicated winding diagram, of
course depending on the generatortype and technology.
For easier understanding see the sketch 1. In the sketch
phase connections are shown on left side and star
point connections are on right hand side. In between 6
bars for each phase are shown schematically. Voltage
distribution among the bars is indicated next to the
bars and the sum up of these voltages is also shown as
phase voltage at the top which is called phase voltage.
Depending on the voltage of the bars an electrical
field is recognized on the surface of the bar insulation.
Namely on bars with low voltage low electrical field and
on high voltage bars high electrical field. High electrical

field leads to discharges especially in the stator slot
region. (See red arrow on the sketch).

The electrical field on bars with high voltage are much
more jeopardized for erosion then low voltage bars.
The bars on phase side remain under higher voltage than
those on star point side. Therefore, the erosion on bars
on star point side can more safely treated by injection
of insulated material. So if the star point and phase end
are changed we can reach this requirements. In this
way, previously phase side bars having more erosion
can work safely on star point side after doing injection
and bars previously star side having comparatively less
erosion can safely work as phase without any injection
or with a little injection.
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Generator Life Extension Without
Rewinding (Deferred Rewinding)

Electrical Power Generator is very vital part of a power generating units. It is directly
or through transformer connected to power system network and is exposed to

high voltage field.

The generator, during its operation, develops in it
abnormalities such as contamination, charge storage
within machine, lack of contact of coils with core,
looseness of coils / wedges, presence of voids within
insulation, presence of partialdischarge, core lamination
shorting and much more. These abnormalities, if not
cared for in time, degrade insulation properties and
reduce Residual Breakdown Voltage (RBDV). During
operation electromechanical forces are also developed
which cause movement of copper bars. In order to limit
this movement restraining forces are generally offered
by the end winding bracing supports, inter coil and coil
to core friction. These constraints result in mechanical
strains at some points and some time bending or
twisting of the coil.

Of course, without getting the machine rewound,
we cannot over come all of the above mentioned
abnormalities, however we can live with out getting
machine rewound by overcoming some of the
abnormalities. These abnormalities and remedial
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action to combat those are described here below:

1. Contamination

Cleaning / overhauling will help in improving the tensile
strength of the insulation

2. High Operating Temperatures

Improvement in the cooling system efficiencies,
better heat dissipation, and removal of blockages in
ventilation ducts will also improve the tensile strength
of the insulation.

3. Looseness Of Coils And Erosion Of Insulation
Material

A) Looseness of coils causes acceleration of aging
problem. Therefore placing coils in slots by re-
wedging, inserting adequate side packers can arrest
the looseness and prevent increase in developed
stresses causing improvement in remaining life. Further
improvement can be achieved by re-varnishing.

B) In machines where VPI is employed tightening of
coils by the above mentioned methods may not be
possible. In order to overcome problem of erosion, some
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