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ABSTRACT

The;'i)urpose of this project is to recommend improvement to reduce Time to
Repair (TTR), reduce breakdown maintenance or repairs in expressway lighting system.
First of all, the study in maintenance concept is the need in order to know how we
choose significant repairs.

Today, there are many concepts in maintenance. To achieve the goal of the
project, it not only repairs when a machine breaks down, but also does the preventive
action, which is known as Preventive Maintenance. Then develop to Total Productive
Maintenance (TPM).

The significant repairs are chosen by the multiplication of TTR and the effect
factor. Pareto is used to prioritize the repairs. And again Pareto chooses the major
causes for the two significant repairs. One is ‘All lighting in one supply pillar is black
out’. The other is ‘One lamp of expressway lighting is black out’.

To reduce the first signiﬁcz;.nt repairs, it is to eliminate the repairs that cause about
80% to X TTR of the first repair group. There are 4 causes, too high voltage from MEA
or PEA supply, no electricity on control circuit, photo sensors don’t work, and operator
forgetting. To eliminate 4 causes is to eliminate 80% of > TTR of ‘All lighting in one
supply pillar is black out’. And methods to reduce >TTR are suggested.

And to reduce or eliminate the second significant repairs is to implement early
replacement for the lamp replacement which needs to find the optimum operation which
is not only the effectiveness of the expressway lighting, but also minimizes the cost of
maintenance.

Furthermore, to eliminate the remaining causes and to implement autonomous

maintenance program is essential for TPM.
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L INTRODUCTION

1.1 Background

Because of the economic crisis in 1998, there are also effects on the operation of
the expressway. The volume of vehicles that use both First stage Expressway System
and Second stage Expressway System is reduced. Until now, the volumes of vehicle
that use expressway still do not touch the level before the economic crisis. And now
there are a lot of competitors who appeared in last 2 years and also will appear in the
next three years. Bangkok Transportation System (BTS) that already operated in 1999,
is one of the expressway competitors. Metropolitan Rapid Transit Authority that is now
building the subway, is another competitor in the next 2-3 years. The last sample that is
a competitor of expressway is the local roads that are built by the Internal Ministry.

To deliver the better quality services to the expressway’s users is one of the aims,
that Bangkok Expressway Public Company Limited (BECL) and Expressway and Rapid
Transit A;uthority of Thailand (ETA) Management have set. There are a lot of services
that directly effect the service quality of the expressway such as communication service,
traffic control, lighting system, and rescue services. All the mentioned services concern
with the time that the expressway users consume compare to the other roads, safety, and
price compared to time value.

Street lighting of expressway system or expressway lighting system, EMI, is the
one that effects directly to the service quality of the expressway because it concerns
with customer safety. To implement Total Productive Maintenance (TPM) to the
expressway lighting system is to reduce the improper operations that cause the

accidents.



1.2 Objectives of the Project

(1) To minimize breakdowns in the expressway lighting sysﬂtem____

(2) To decrease Time to Repair (TTR) the expressway lighting repair.

(3) To increase the expressway lighting reliability.

(4) To study the expressway lighting system (EM1) maintenance.

(5) Toincrease the quality of the expressway lighting.
1.3 Scope of the Project

The scope of the project is to study the maintenance concept, breakdown
maintenance (BM), preventive maintenance (PM), Total Productive Maintenance
(TPM). And identify the significant repairs in the expressway lighting system of SES.
Whenever the significant repairs are found, find the causes of the significant repairs and
eliminate it from ‘;he roots if possible. The total TTR of expressway lighting in the
significant repairs must be reduced. |
1.4 Expressway System

Expressway system is exclusive roadways, a way or road which is exclusively
constructed at either ground level, underground, above ground or as a water surface for
the specific purpose of providing convenience to traffic, that is organized and
supervised by Expressway and Rapid Transit Authority of Thailand (ETA). ETA was
established in 1972, as a state enterprise under Interior Ministry. ETA completed the
expressway system for three projects as follows:

(1) The First Stage Expressway System (FES)

(2) The Second Stage Expressway System (SES)

(3) Ramindra-At Sarong Expressway System



1.4.1 The First Stage Expressway System (FES)

The First Stage Expressway System (FES) is a 27.1 Kilometers elevated toll
expressway constructed between 1981 and 1978. The FES is owned and operated by
ETA. The FES joins the central area of Bangkok with the suburban areas in three
directions.

(1)  The eastern route connected to Bangna-Trad Highway at Bangna.

(2) The southwestern route connected to Thonburi-Pak-Tho Highway and

Petchakasem Highway, which is the only way to the South.

(3) The northern route connected to Viphavadée—Rangsit Highway at Dindaeng.
1.4.2 The Second Stage Expressway System (SES) |

Second Stage Expressway System (SEé) is a six-lane-elevated expressway of 39.8
kilometers in length. It connects the north of Bangkok, Nonthaburi and Prathumthani
on Chaeng Wattana road, with central area of Bangkok on Rama IX road. This SES
also provides the connecting route to the south of Bangkok at Banngklo. SES provides
the service areas accordingly:

Sector A is a 124 km.-length route from Ratchadapiseck Road around
Prachachuen to Rama IX Road. It was first operated on September 2™, 1993. Sector A
begins at Ratchadapisek Road to the south, crosses the northern railway nearby
Phaholyothin warehouse, parallels Rama VI Road through Pradipat Road and
Rachavithi Road, and ends at Phayathai Interchange. The east bound connects FES at
the Makkasan Interchange, crosses the Ratchadapisek Road, and ends at Rama IX Road.

SECTORS Bisa94 km.—length- route the Rong Krongnam Samsaen to Bangklo.
The sector is composed of the area of Sector BI and CD Road. Sector Bl is the
connecting route starting from Phayathai Interchange of Sector A to the FES at Bangklo

Interchange. Due to the operation of Sector B in October 1996 the wing road was

W



Figure 1.1

The Expressway System.



formed in the central area of Bangkok. Consequently, the traffic congestion in the
downtown aro'un(_iiSathorn Road, Silom Road, Surawong Road, and Hualumpphong has
been alleviated.

Sector C1 1s an 8 km.-length route from the end of Sector A at Ratchadapisek
Road around Prachachuen to the north of Bangkok, Chaeng Wattana Road. The opening
day of Sector A and this sector is the same day, September 2™, 1991. This sector can
efficiently lessen the number of vehicles traveling from both inbound and outbound.

Sector D is and 8-km-length route from Rama IX Road .to Srinakarindra Road.
This section is extended from the end of Sector A on Rama IX Road to the east:
crossing Ramkamhaeng Road, and ending Srinakarinda Road. SES has been operated
under the condition known as Build Transfer and Operation (BTO). Bangkok
Expressway Public Company Limited (BECL) is the investor for the cost of
constructional design and. SES operation, but the right to posses the permanent
construction and additional benefits from SES project will belong to The Expressway
and Rapid Transit Authority of Thailand (ETA). Accordingly to BTO, BECL has a right
to operate as well as the share from the total revenue of the First Stage Expressway
System (FES) and SES in proportionate to SES contract. The 30-year period SES
project has been initiated from March 1%, 1990 to February 28"™ 2020. However, the
contract period of this project can be prolonged up to twice for the ten-year period each.
1.4.3 Ramindra-At Narong Expressway

The Ramindra-At Narong Expressway has operated for the total length 19.7
Kilometers since 1996.

From Ramindra Road to Lad Prao Road; opened to service on June 16, 1996.

From Lad Prao Road; opened to operate to service on August 22, 1996 and

opened entirely on October 6, 1996.

[Wy]



1.5 Bangkok Expressway Public Company Limited Profile
Bangkok Expressway Public Company Limited (BECL) was established on
December23rd, 1987. The objectives of BECL are to implement the construction and
operation of the Second Stage Expressway System (SES) and its extensions, under the
contract of SES with the Expressway and Rapid Transit Authority of Thailand (ETA).
According to the contract of SES, the allocation of toll revenue of all sectors is as

follows:

Table 1.1. Share Revenue between BECL. and ETA.

BECL ETA
Urban Network (FES and SES for Sector A and B) |
(A) First 9 years from the Priority Component opening !  60% 40%
date :
(B) Last 9 years ending 28"™ February 2020 L 40% 60%
(C) Period between the first-9-years and last-9-year 50% 50%
Suburban Network (SES for Sector C and D) 100% 0%

And also from the contract, ETA officers operate the toll collection, while BECL
has an inspector for inspecting the operation of the toll collection operators in each toll
plazas. The rescue teams are composed of both the ETA officers and BECL operators.
Both the toll collection job and rescue job is in the Operation division. For the
maintenance of the SES in every system, such as Closed Circuits Television (CCTV),
Emergency Telephone System (ETS), expressway lighting system, toll collection
system is the responsibility of BECL Engineering division.

6
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II. LITERATURE REVIEW

2.1 Maintenance Concept

Maintenance is to keep a system or equipment working in order, and the objective
of maintenance is to maintain the system while controlling cost. For the maintenance of
the street lighting system is not only important to the operation but also directly to
customer safety and satisfaction. Because the failure of the system cause the undesirable
result to customers, managers of the maintenance department must find ways to ensure
adequate output performance, while minimizing the sum of two basic costs:
maintenance activity costs and system failure costs.

There are three categories of maintenance. One is breakdown maintenance (BM),
another is preventive maintenance (PM), and the other is Total Productive Maintenance
(TPM) (Gaither 1997) (Gotoh 1992).

2.1.1 Breakdown Maintenance

Breakdown maintenance is the repairing after equipment breakdowns,
malfunction or the other damages those cause to hinder normal operation. Breakdown
maintenance must be repaired on the priority basis and most of BM is the emergency
repairs.

To implement BM successfully, maintenance managers must achieve these
objectives.

(1) To minimize interruption of production because it affects production

capacity, production costs, production quality, and customer satisfaction.

(2) To control the cost of repairing, including repair staff, operation of repair

shops.



(3) To control the investment in replacement of spare parts, spare machines
(standby machines or back machines) ]

(4) To perform the appropriate amount of repairs at each malfunction.

We must have a fast repair of the malfunction to get the equipment back into
production, as fast as possible, a complete overhaul, or an early replacement in some
parts of the equipment.

The fundamental goal in repairs is to minimize the length of the interruptions of
production and also use as less cost as possible. Figure 2.1 show the optimal point
between costs if repairs and cost of interruptions to production.

2.1.2 Preventive Maintenance

Preventive maintenance is the routine inspection and servicing and keeping
facilities in good condition. The preventive maintenance activities are performed while
the equipment is not needed for production and not Yet fail. The inspection of
equipment may be scheduled at a regular interval, such as monthly, weekly, or after a
certain number of operating hours or other measures of usage. Figure 2.2 shows that the
minimum amount of preventive maintenance causes high costs of breakdown
maintenance. Maintenance managers must have preventive maintenance because they
want to:

(1) Reduce the frequency and severity of interruptions to production caused by
machine malfunctions. This objective directly affected production capacity,
production costs, product quality, employee and customer safety, and
customer satisfaction.

(2) Extend the useful life of production of machinery.

(3) Reduce the total cost of maintenance by substituting preventive maintenance

costs for breakdown maintenance costs.



Annual Cost

Figure 2.1.

Annual Cost

Minimum
Level of
Preventive
Maintenance

Total Cost of Breakdown Maintenance

Speed of Making Repair
Optimum of Repair Speed in Breakdown Maintenance (Gaither 1997).

Minimum Total Maintenance
(Iiost

reakdown Maintenance Cost
B I N

. l WM/‘”
I

Degree of Preventive Maintainance

Figure 2.2. Total Maintenance Cost as a Function of Breakdown Maintenance

and Preventive Maintenance (Gaither 1997).
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(4) Provide a safe working env1ronment for workers. Worn out machines in

poor operating condition do not create safety envfron»rﬁnent for the workers.

(5) Improve quality of product by keeping equipment in proper adjustment, well

serviced, and in good operation condition.

Preventive maintenance is essential in automated factories. The more automated
factory, the smaller production work forces are used, and the larger preventive
maintenance work forces. For an effective preventive maintenance program, detailed
record must be maintained for each machine. A history of breakdown date, malfunction
description, and costs of repairs are to determine how often to schedule preventive
maintenance for each machine.

As the preventive maintenance effort is increased, the failure of equipment and
breakdown r;naintenance is reduced. Conceptually, a maintenance manager seeks to find
the optimal level of preventive while total maintenance costs are at minimail.

Equipment specifications, checklists and preventive maintenance schedule are
needed for preventive maintenance inspections and early parts replacement decisions.
These records are the important information for improving preventive maintenance. The
large factory will have a large amount of information. Then it makes us keep this
information in a computer.

To get the optimal level of preventive maintenance and breakdown maintenance is
not simple. It is not only production costs and maintenance cost that are involved in the
decision but also the production capacity, product quality, employee, customer safety
and satisfaction. The more money we spend the higher expectation that we want from
the maintenance. To weigh between preventive maintenance and breakdown
maintenance in any firms depends on the process layout. For example, in firms that are

highly automated, the breakdown can shut down all or a major part of the production

11



system. Preventive maintenance will be the fundamental strategy.
2.1.3 Total Productive Maintenance (TPM)

Total Productive Maintenance (TPM) is defined as a system of maintenance
covering the entire life of the equipment in every division, including planning,
manufacturing, maintenance, and all other divisions. TPM involves everyone from the
top executives to the shop floor workers and promoting productive maintenance through
morale-building management and small-group activities as an effort to maximize
equipment efficiency. (Senju 1992)

In general, TPM consists of these six major activities, summarized in Figure 2.3.
2.2  Six Major TPM Activities |

TPM has been implemented first time in Japanese manufacturer during the late
1970s. Now it is almost 30 years, there are various types of companies that implement
this éoncept. To develop the TPM in any types, TPM generally consists of six major
activities, summarized in Figure 2.3.

(1) Elimination of six big losses

(2) Planned maintenance

(3) Autonomous maintenance

(4) Preventive engineering

(5) Easy to manufacture product design

(6) Education and practice
2.2.1 The Elimination of Six Big Losses

In TPM, the relationship between losses and equipment effectiveness is clearly
defined in terms of both the quality of the product and equipment availability. Major

losses are categorized into the following six types as follows:

12
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(5) Easily-to-manufacture product design

(4) Preventive engineering

IS
)7

A

Optimal condition
3

(2) Planned maintenance
(3) Autonomous maintenance

-

(6) Education and practice

(1) Elimination of six big losses

-]

Figure 2.3.  Six Major TPM Activities (Gotoh 1991).
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Breakdown losses are caused by equipment defects, which require any kind of
repair. Thes__e losses, for example, consist of downtime along with the labor and spare
parts required fixing the equipment; their magnitude is measured by downtime.

Setup and changes in operating conditions, such as the commencement of
production runs or start-up at each shift causes adjustment losses, changes in products,
and conditions of operation. These losses, for example, consist of downtime, setup
(equipment changeovers, exchanges of dies, jigs, and tools), start-up, and adjustment;
their magnitude is also measured by downtime.

Minor stoppage losses are caused by events such as machine halting, jamming,
and idling. In general, these losses cannot be recorded automatically without suitable
instruments.

Speed losses are caused by reduced operating speed. _Equipment cannot be
operated at original of theoretical speed. Speed losses are measured in terms of the ratio
of theoretical to actual operating speed.

Quality defect and rework losses are caused by off-specification or defective
products manufactured during normal operation. Sometimes, they are designated as
“quality defects in process” in order to distinguish them from defective products
manufactured during start-up and adjustment.

Yield losses are caused by unused or wasted raw materials and are exemplified by
the quantity of rejects, scraps, chips, etc. The yield losses are divided into two groups.
One is the raw material loss resulting from product designs, manufacturing methods,
and equipment restrictions such as runner in plastic molding. The other group is the
adjustment losses resulting from quality defects associated with stabilizing operation

conditions at commencement of work, changeover, etc.

14



2.2.2 Planned Maintenance

Mainly a maintenance department establishes a planned maintenance system
while the production department performed the autonomous maintenance. To
implement TPM system on the shop floor can be divided into four phases as shown in
Figure 2.4.

(1) Reduce variability of parts life

(2) Extend parts life

(3) Restore deteriorated parts periodically

(4) Predict parts life

The maintenance départment should handle these tasks:

(1) Tasks requiring special skills

(2) Tasks requiring special measurements

(3)  Tasks posing substantial safety risks, such as working in high places

And the other tasks to maintain the equipment, such as daily checks, lubrication,
replacement of parts, and early detection of abnormalities, are performed by the
equipment operators.
2.2.3 Autonomous Maintenance

Operators carry out autonomous maintenance activities with the technical
assistance of maintenance person. Operators are trained in the seven-step program to
achieve these major objectives: establish the basic equipment conditions; observe usage
conditions of equipment; restore deteriorated parts through overall inspection; develop
into a knowledge operator; conduct autonomously supervised operator’s routine
maintenance. These fundamental maintenance activities performed by operators,

following rules set by the operators themselves, are called autonomous maintenance.



Autonomous maintenance is programmed so that operators supplement activities
to establish the planned _maintenance ‘system is carried out by the maintenance
department. To reduce variability of part life, the first of four phases, needs the
collaboration between the production and maintenance department.

2.2.4 Preventive Engineering

Many problems that occur during the commissioning period for starting up a new
production line must be resolved. Early equipment management entails a sequence of
well-managed corrective actions by eliminating the causes of troubles in both the
commissioning period, and the earlier period. Instances include conceptual desién, basic
design, detailed design, procurement and fabrication installation, test runs,
commissioning, and turnover.

Moreover, a trade-off on conflicting equipment attributes regarding function and
other factors must be examined. This-review may encompass reliability, maintainability,
economy, operability, and safety. It may provide for the discovery of solutions to
problems and the improvement of future equipment on the basis of past experiences.
This kind of effort is referred to as preventive engineering and includes all of the
preventive activities taken in each stage, from plant engineering and includes all of the
preventive activities taken in each stage, from plant engineering, procurement, and
construction, to turnover as a whole.

2.2.5 Easy-to-Manufacture Product Design

Despite the shortening life cycle of goods, the diversified needs of consumers
must be satisfied in terms of product attractiveness, design, qixality, and price so that
competitiveness may be maintained in the world wide marketplace. As a result, these
challenges in manufacturing, which were once difficult to solve with only the shop

floor’s efforts, can now more easily be eliminated if ease in manufacturing and quality

17
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assurance are built in at the product design stage. Not enough experience, however, has
been accumulated yet in this area, and it will continue to occupy an increasingly
important position in TPM.
2.2.6 Education

The activities just mentioned are not to be carried out by external TPM specialists.
Although current internal capabilities may not be sufficient to achieve the goals of
TPM, all participating employees must proceed with activities themselves to master the
necessary knowledge and skill by taking every available opportunity for education in
these regaras. No aspect of TPM can ever be achieved without suitable education in the
seven-step program of autonémous maintenance which is an important contribution to
the successful implementation of a TPM system in the production department
2.3 Autonomous Maintenance Program

Autonomous maintenance activity is aimed at both equipment and human. For
equipment, autonomous maintenance orderly established shop floor where operators
may detect any departure from normal conditions. For human, it fosters the
development of knowledgeable operators. While the term “knowledgeable operators”
mean that the operators should be able to sense when the unusual conditions occur
before it breaks down. To achieve the autonomous maintenance, Zero breakdown and
Zero defects, there are seven steps in 4 phases of the development in the autonomous
maintenance development program (Gotoh 1992).
2.3.1 First Phase: Reduce Variability of Parts Life

The first phase of the autonomous maintenance program is the starting point of the
autonomous maintenance and also of all maintenance activities. The first phase consists
of three steps of activities that are the remedial action to restore deteriorated parts in

equipment.
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Initial cleaning

Initial cleaning refers to-the overall cleaning of equipment until it is

thoroughly free from all kinds of contamination by:

(2)
(b)

(©)
(d)

Thoroughly cleaning equipment and its surroundings.

Remove any foreign substances and all unnecessary materials that
negatively influence quality and equipment.

Detect and remedy any deteriorated and defective areas in equipment.
Write upcoming issues onto four lists, which are defective area list,
question list, source of contamination list, and difficult area list. The

four lists are shown in Figure 2.5.

Countermeasures to sources of contamination

Contaminants must be eliminated at their sources, or be prevented

from dispersing by the suitable modification. To remedy the sources of

contamination, we must reduce the sources of contamination generation and

modify the methods of equipment to make it easier to clean. To minimize

the cost and avoid duplication in the operator effort, the priorities are

mentioned below:

(a)

(b)

Remedy sources of contamination. Try to remove the generation of
contaminants at the sources. If it cannot be removed, prevent the
contaminants from dispersing to minimize routine cleaning tasks.

Remedy for a difficult cleaning area. Targets are to mime the cleaning
time and make the cleaning task easier. If we fail to by act (a),
operators clean equipment manually, and then improve the cleaning
method and tools. If it still fails, the final alternative is to modify the

equipment.



; Taken by :
Date Defective Countermeasuresf— Op. in Sch'd date}] Comp'd
areas Prod. | Maint. | PEng | charee
(1) Defective area list.
Date | Question Answer or countermeasures Possed by |Sch'd date
(2) Question list.
Date ‘Where What Found by
(3) Sourceor contamination list.
Date Difficult work area Found by

(4) Difficult area list.

Figure 2.5 The Four Lists.
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Report the experience to the plant engineering and product design

department.

(3)  Cleaning and lubricating standards

This step is taken place to identify and remedy the defective areas that

stemmed from lack of lubrication, especially in difficult lubricating areas.

Then, with this standard operators will achieve higher reliability and

maintainability. The sub steps of step 3 are:

(a)
(b)
(©)
(d)

Conduct education for lubricating.
Develop overall lubrication inspection.
Establish lubrication control system.

Set cleaning and lubricating standards.

2.3.2 Second Phases: Exter_ld Parts Life

The second phase of the development is remedial actions by overall inspection in

order to attain Zero Breakdowns. To conduct overall inspection which is the forth step

of the development in the seven steps has the step below:

(4) Overall inspection

(a)
(b)
(c)

(d)

Conduct education and practice.

Develop overall inspection

Remedy difficult inspection areas in equipment to reduce required
time.

Set tentative inspecting standards.

2.3.3 Third Phase: Restore Deteriorated Parts Periodically

This phase is to get Zero Breakdowns. After implementing the overall inspection,

breakdowns of equipment will be reduced dramatically. Autonomous maintenance
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standard then will be implemented in the monthly basis. The following are the sub steps
of the fifth step in seven steps program.
(5) Autonomous maintenance standard
(a) Set autonomous maintenance standards and schedule to finalize
activities focused on equipment.
(b) Faithfully conduct routine maintenance in accordance with standard.
(¢) Move forward aiming at zero breakdowns.
2.3.4 The Forth Phase: Predict Parts Life
This phase, operators’ effort to achieve process quality assurance promotes to
attaining of Zero Defects. Then to maintain the autonomous maintenance the PDCA
cycle will be used for continuous improvement.
(6). Process Quality Assurance
In TPM, process quality assurance refers to the proper maintenance of
a piece of equipment or process, with the objective to attain Zero Defects.
The sub steps of this step are:
(a) Remedies focused on quality results
(1)  Identify process quality in connection with each process.
(2) Review process quality and evaluation criteria.
(3) Improve equipment and work method.
(4) Classify the outflow defective products.
(b) Remedies focused on quality causes.
(1) Identify the quality conditions for each process or piece of
equipment.
(2) Review the quality conditions based on the five criteria for

quality assurance, which are quality conditions is quantitative or
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(7)

clear, easy to set, resists variation, and a change in quality
condition is easy to detect and restore.
(3) Improve equipment and work methods based on the same five
criteria.
(4) Review process quality, quality conditions, inspecting standards
and so on.
(c) Establish process quality assurance system
This step is the actual final step of the autonomous maintenance
program, operators review numerous standards prepared in the
previous step, and then the standards will be applied on the shopfloor.
Autonomous Supervision
After implementing the autonomous maintenance till finishing the step
6, there is a large risk of deterioration of the TPM system, slowly but
persistently. To maintain the‘ established TPM level and go forward we
have:
(a) Maintaining activity
(b) Improving activity

(c) Passing on activity

2.4 Quality Improvement Tools

Quality improvement tools are a collection of production methods and

management concepts and practices that can be used throughout the organization. The
tools involve the uses of statistical signals to identify sources of variation, to improve
performance, and to maintain control of production at higher quality levels. It can be
applied to any area where work is done. The statistical concepts that are applied in the

tools are very basic and can be learned by everyone in the organization. Production
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workers must know how these tools apply to their specific jobs and how it can be used
to improve their output. Supervisors must be aware of the ways these tools can be used
in their sections, be prepared to help their production workers utilize the tools, and bé
receptive to suggestions for improvements from the workers who are effectively using
the tools. Managers must know how these tools can be used to improve quality and
productivity simultaneously. They must create and maintain a management style that
emphasizes communication and cooperation between levels and between departments.
Their goal must be to develop a working atmosphere that maximizes everyone’s
contribution to the produétion of competitive products.

The basic quality improvement tools are becoming the core for both quality
improvement and quality maintenance. Important decisions from optimum adjustment
time decisions made at the shop-floor level to process change decisi;ns made by
management involve the tools. Statistical methods and techniques, such as control chart
analysis of a process or its output are now\ being used extensively to make economically
sound decisions. The process analysis leads to appropriate actions for achieving and
maintaining a state of statistical control and for reducing process variability.

2.4.1 The Basic Tools for Quality Improvement
(1) Flowchart: The entire process is diagrammed from start to finish with each
step of the process clearly indicated. All involved in the process should
know their position(s) on the flowchart and at least a partial upstream and
downstream trace from their position(s). All should know who their
suppliers are and who their customers are in the process flow.

(2) Pareto chart: The number of occurrences or the costs of occurrences of

specific problems are charted on a bar graph. The largest bars indicate the

major problems and are used to determine the priorities for problem solving.
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Checksheet: A data-gathering sheet is prepared that categorizes problems or
defects. Checksheet information may be ;;ut\qn a Pareto chart or, if a time
analysis is included, may be used to investigate problem trends over time.
Cause-and-effect diagram: A problem (the effect) is systematically tracked
back to possible causes. The diagram organizes the search for the root cause
of the problem. A similar diagram can be used to systematically search for
solutions to a problem.

Histogram: A bar graph shows the comparative frequency of specific
measurements. The shape of the histogram can indicate that a problem exists
at a specific point in a process.

Control chart: A broken —line graph illustrates how a process or a point in a
process behaves over time. Samples are periodically taken, checked, or
measured, and the results plotted on the chart. The charts can show how the
specific measurement changes, how the variation in measurements changes,
or how the proportion of defective pieces changes over time. Control charts
are used to find sources of special-cause variation (variation that is caused
by specific, fixable occurrences), to measure the extent of common-cause
variation (variation that is inherent in the processes), and to maintain control
of a process that is operating effectively.

Scatter plot: Pairs of measurements are plotted on a two-dimensional
coordinate system to determine if a relationship exists between the

measurements.

2.4.2 Pareto Chart

The Pareto chart, a bar graph that ranks problems in decreasing order of

frequency, was adapted to quality control by Joseph M. Juran, a noted authority and



leader in the resurgence of quality in U.S. industry. The Pareto principle, credited to
Italian economic factors, such as wealth, follow an inverse relationship. Pareto
discovered 80% of the wealth in his country in the early 1900s was concentrated in 20%
of population. Dr. Juran discovered that the 80%-20% split also occurs in quality
control. Eighty percent of scrap is caused by 20% of the problems, and 80% of the
dollar loss caused by poor quality is concentrated in 20% of the quality problems. Of
course, the 80%-20% split is not exact; the percentages vary quite a bit. The important
outcome of a Pareto chart is its assessment of process problem priorities. It separates the
vital few problems from the trivial mény. Another plus for the Pareto chart is its
elimination of receptivity, the tendency to overestimate fhe importance of the most
recent problem. The sample of Pareto chart is shown in Figure 2.6.
When a problem analysis is done for a Pareto chart, data are gathered that give the
" number of occurrences for each problem and the dollar loss associated with it. When all
the data have been gathered, percentages can be tabulated for both the number data and
the dollar loss data.
The procedure for making a Pareto chart is as follows:
(1) Decide on the subject of the chart. Usually the need to set data priorities
suggests the use of a Pareto chart. Determine what data are to be collected.
(a) Where is the problem?
(b) What are the categories?
(c) Where should the data be gathered?
(d) Should they come directly off a line?
(¢) Should they come from a bin of nonconformity’s that have

accumulated in the specified time period?
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Be sure the period for all the categories is the same: Use the number of
nonconformity per hour, per shift, or per week.

What type of chart is | needed? Should you track the numbers in each
category? A cost chart is usually included with either a numbers chart or a
percentage chart.

Make a table by gathering the data and tallying the numbers in each
category. Find the total number of nonconformity and calculate the
percentage of the total in each category. Make a cost of nonconformity’s
column and a cumulative percent column. |

Arrange the table of data from the largest category to the smallést.

Set the scale and draw a Pareto chart.

Include all pertinent information on the chart. Are the categories clear? Has
the time frame been specified?

Analyze the chart. The largesi bars represent the vital few. The cumulative
percentage line levels off and emphasizes the trivial many. If the chart does
not show a vital few, check to see if it is possible to recategorize for another

analysis.

2.4.3 Cause-and-effect Diagrams

The cause-and-effect diagram is a useful tool in a brainstorming session because it

organizes the ideas presented. It is sometimes called a fishbone diagram because of its

shape or an Ishikawa diagram after Professor Ishikawa of Japan, who first used the

technique in the 1960s. The basic shape of the cause-and-effect diagram is shown 1n

Figure 2.7.

The diagram is format for logically aligning the possible causes of a problem or

effect. A basic way to organize the “ribs,” or main categories, is to assign them the four-
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M’s methods, machines, measurement, and materials. As the ideas are presented, they
are inserted as the “bones,” or possible causes of the effect, in the appropriate categbry‘;
The bones can be subcategorized as causes of a cause presented. The subdividing
continues until the root cause to the problem is found. There may not always be a single
root cause, but at least a few potential root causes will surface, and a decision for action
can be made.

The four M’s are generally used as the initial main categories for a cause-and-
effect diagram. Other categories specific to the particular process may be added, if the
team decides they are important. Environment is one example of a possible other
category. It may be considered important enough to be a main category of problem
causes, or it may be a subcategory in any or all of the other categories, depending on the
process being analyzed.

2.4.4 Flowcharts

A flow chart is a diagramming tooi that is used to trace a process from start to
finish. It can be used for an entire complicated process or for some segment of the
process. Different symbols specify what is being done to the product as it progresses
from the input stage to the output stage of the process. When problems exist within a
process or process segment, the problem-solving team should clearly understand what is
being done to the product at the various stages in the process. A completed flowchart
should make the step-by-step procedure within the process clear to the entire team.

In the problem-solving sequence, making a flowchart of the process is usually one
of the first steps. Brainstorming is very useful in developing the flowchart, and using it
ensures that important process details are not omitted.

Completed flowcharts can be helpful in finding the root causes of the problems.

Brainstorming sessions with a flowchart in hand allow the team to trace the product

29



back and forth in the process until the cause of the problems is found or until several
good candidates f\o? the root cause have been uncovered, leading the way to further data
gathering and analysis.

To make a flow chart as in Figure 2.8, first step is to brainstorm for steps in the
process and for logical process sequence. In the first step, each team member writes
down one specific activity that they are involved in or aware of. The next step is to

arrange all activities in the first step.
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HI. RESEARCH METHODOLOGY

3.1 Overview of Expressway Lighting System

The expressway lighting system of the Second Stage Expressway System (SES),
called EM1, is one of the systems that the Electrical and Mechanical Department
(E&M) in the Engineering division of Bangkok Expressway Public Company Limited
(BECL) has responsibility to maintain.

The expressway lighting system, EM1 contains the street lighting as shown in
Figure 3.1 and Figure 3.2, Gantry sign lighting in Figure 3.3, and emergency lighting at
terminal approach as shown in Figure 3.4. The electricity that supplies to all lighting in
EML1 is supplied from electrical distribution and control cabinet, called Supply Pillar,
SP. In the SES, there are about 150 Supply Pillars that installed in four sectors, Sector
A B, C, and D. A Kilowatt-hour meter and Safety Switch are installed on poles at
ground, as shown in Figures 3.5 and 3.6 respectively. All supply pillars are installed
adjacent to the expressway.

For the elevated expressway lighting system, Supply Pillars are installed in the
baskets that bolted to the structure of the expressway as shown in Figure 3.7. The other
Supply Pillars are installed at ground, Figure 3.8, because they are used for supplying
electricity to lighting system at ramps or front of the toll plazas.

Figure 3.9 shows the sample of supply pillar load schedule and Figure 3.10 shows
the electrical diagram of supply pillar. The electricity for all lighting system is supplied
from Metropolitan Electricity Authority MEA through Kilowatt-hour meter, Safety

switch, and Supply Pillar as shown in Electrical Wiring Diagram, Figure 3.10.



Street Lighting Near

a Toll Plaza.

Figure 3 2.

Street Lighting.

Figure 3.1.
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Figure 3.3, Gantry Sign Lighting.
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PROJECT: SECOND STAGE EXPRESSWAY SYSTEM, SECTOR D
LOAD SCHEDULE i
SP 126-1 MOUNTING: BASKET

Connected Load (A) Protecti Cable
TZCT. No| Description r . B I;)efzcict:l:e Size
Type | (sqmm.)

IR |STREET LIGHTING 13.64 - - 25 NYY 50
1Y  |STREET LIGHTING - 13.64 - 25 NYY 50
iB STREET LIGHTING - - 13.64 25 NYY 16
2R STREET LIGHTING 13.64 - - 25 NYY 16
2Y STREET LIGHTING - 20.45 - 32 NYY 50
2B STREET LIGHTING - - 20.45 32 NYY 50
3R |SP. LIGHTING & OUTLET 2 - - 10 THW 25
3Y ; ¥ - # - - -
3B ¢ - - = - - - -
4R |MONITORING 2 - - 10 THW 2.5
4y ; | - - . .- -
4B . . 2 . - -
5R |CONTROL CIRCUIT 2 - - 10 THW 2.5
5Y - - - - - - -
5B EM4 1.45 - - 16 THW 2.5
6R  |EM4 - 0.46 - 16 THW 2.5
6Y  |SPARE - - N 16 - -
6B

TOTAL 34.73 34.55 34.09 80 NYY 35

Figure 3.9. Load Schedule of a Supply Pillar.
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The expressway lighting of SES, as shown in Figures 3.1, 3.2, 3.3 and 3.4 are
controlled in three modes, as shown in the control diagram, Figure 3.11, the control
diagram of a Supply Pillar. Figure 3.12 is Figure of a control panel at a Supply Pillar.
From Figure 3.12, it shows the selector switch at the top of the panel has 3 modes of
lighting control, ‘off”, ‘manual’, and ‘auto’ mode.

‘Manual’ mode is the mode that the expressway lighting system is controlled
directly by push ‘on’ (green) and ‘off” (red) buttons at the back of Supply Pillar (SP)
front panels as shown in Figure 3.12. And the expressway lighting of the Supply Pillar
will not respond to the Remote Monitoring system.

‘Auto’ mode is the mode that the expressway lighting is controlled by photo
relays and the remote monitoring system. The photo relay, as shown in Figure 3.13, will
turn the expressway lighting on when the lif:ght that they get is less than the minimum
daylight level. And the photo relay will turn the expressway lighting off when the light
that it gets is more that the minimum dayli;ght levels.

‘Off mode, all the expressway lighting of the Supply Pillar will be off. The
lighting system also does not response to all push buttons, Photo relay, and the Remote
Monitoring system.

3.2 The Steps of TPM Plan
Stepl: the Existing Workflow of Repair Request

The expressway lighting of SES is the system that the Electrical and Mechanical
Maintenance Department (E&M Dept.) has responsibility to maintain. The expressway
lighting of SES, called EM1, is the autonomous system that ‘on’ and ‘off” directly by
photo sensors because it is set in the ‘auto’ mode. In most Supply Pillars, the
Monitoring system is not used because of the costs of maintenance compared to the

benefit that the customers and company get.
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The Rescue and Traffic Department (RT Dept.) is the department in the Operation
Division that has the réqu_nsibility to all the services in the expressway. RT Dept. is
then the requester of the expressway lighting system because the department will have
the staff to check all routes, every day and night. And the department also has staffs at
the control center that can check every system from the Closed Circuit Television
System, CCTV. The staffs are also able to get the information directly from the
expressway users, our customers, from phones. The workflow of the repair request is in
Figures 3.14 and 3.15. Figure 3.14 is the repair request workflow in the normal case,
while Figure 3.15 is the repair request workflow in the emergency case.

Normally, the normal case is that few street lighting luminaries in any areas are
black out. For the emergency case, the repair must be taken as soon as possible. For
instance, the expressway lighting is black out for 1 Kilometer. Table 3.1 showg the list

of the repair requests in both the normal cases and the emergency cases.

Table 3.1.  List of Repair Requests.

Request Description Priority
One lamp of street lighting is black out. Normal
One circuit of one supply pillar is black out. Emergency
All lighting of one supply pillar is black out. Emergency
The Lantern and pole is damaged. Emergency
Draw pit cover is damaged. Normal
One lamp of emergency light at terminated approach is black out. Normal
Two lamps of emergency light at terminated approach are black out. Normal
Three lamps of emergency light at terminated approach are black out. Normal
All lamps of emergency light at terminated approach are black out. Normal
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The repair request, as shown in Figure 3.16 (the Repair Request Form), in the
normal case is sent from the requester, rescue and traffic department (RT Dept.), and the
E&M staff will set all requests in the repair schedule.

The significant difference between two workflow is that in the normal case, E&M
Dept. will start the job after it gets the repair request, whilst the emergency case E&M
Dept. will receive the repair request (paper) after the repairs are done.

Step2: Collecting the Repair Request for a period.

In this project we collect the repair request for 9 months, from June 1999 till

February 2000 as in Table Al of Appendix A. From the data, the summation of the

EMI repair request is shown in Table 3.2.

Table 3.2.  Summation of EM1 Repair Request from June 1999 till February 2000.

Request Description No. of Jobs
One lamp of street lighting is black out. | 211
All lighting of one supply pillar is black out. 60
One circuit of one supply pillar 1s black out. 39
Two lamps of emergency light at terminated approach are black out. 20
One lamp of emergency light at terminated approach is black out. 14
The Lantern and pole is damaged. 14
Draw pit cover is damaged. 12
All lamps of emergency light at terminated approach are black out. 11
Others 36
Total 366

From the above table, the large numbers of request in the period is ‘One lamp of
street lighting is black out.” Figure 3.17, Pareto diagram shows the number of repair

request and the cumulative percentage, shown that the summation of five request groups
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Figure 3.16. The Repair Request Form.
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are about 80% of the total. Whereas only the numbers of the request is not yet shows
which request group is the first priority or the vital group to eliminate or reduce.

In addition, Time to Repair (TTR) is another factor that will be considered. TTR
for each request is calculated from the difference between the time that E&M staffs
receive the request and the time that E&M staffs repair the equipment. For example the
request date is October 2™ 1999 and E&M fixed it on October 7™ 1999. TTR is 5 days,
approximately. Or the request that is on 17.30 of October 2™, 1999, then the equipment
is fixed on 23.30 of the same day. TTR is 6 hours. Using TTR instead of number of

repair requests will get Table 3.3.

Table 3.3. Summation of EM1 TTR from June 1999 till February 2000.

Request Description 2TTR

One lamp of street lighting is black out. 1201
The Lantern and pole is damaged. 231
All lighting of one supply pillar is black out. 124
Draw pit cover is damaged. 81
Two lamps of emergency light at terminated approach are black out. 76
One circuit of one supply pillar is black out. 67
One lamp of emergency light at terminated approach is black out. 53
All lamps of emergency light at terminated approach are black out. 21
Others 210
Total 2064

Table 3.3 and Pareto diagram in Figure 3.18, shows the summation TTR of repair
request. Figure 3.18 also shows the cumulative percentage of 2 TTR. If TTR is the only

addition factor, the repair work that is vital is ‘One lamp of street lighting is black out.’
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Moreover 2.TTR, the priority or the quality to the customers must be considered.
Table 3.4 locates the priority of each EMI job and the multiplier of each job is set by

using the approximate number of lighting that black out in each request group.

Table 3.4. The Severity Impact of Each EM1 Repair Group.

Request Description Priority [ Impact
All lighting of one supply pillar is black out. 1 30
One circuit of one supply pillar is black out. 2 8
All lamps of emergency light at terminated approach are black out. 3 5
Two lamps of emergency light at terminated approach are black out. 4 2
One lamp of street lighting is black out. | 5 1
The Lantern and pole is damaged. 5 1
Draw pit cover is damaged. 5 1
One lamp of emergency light at terminated approach is black out. 5 1
Others 5 1

After using the multiplier or the severity impact in Table 3.4 to XTTR of each

repair request in Table 3.3, the result is Table 3.5.

Table 3.5. The Vital EMI Repairs.

Request Description Impact*> TTR
All lighting of one supply pillar is black out. 3720
One lamp of street lighting is black out. 1201
One circuit of one supply pillar is black out. 536
The Lantern and pole is damaged. 231
Two lamps of emergency light at terminated approach are black out. 152
All lamps of emergency light at terminated approach are black out. 105




Table 3.5. The Vital EM1 Repairs. (Continued)

Request Description - Impact*YTTR
Draw pit cover is damaged. 81
One lamp of emergency light at terminated approach is black out. 53
Others 210

Table 3.5 is then plotted in Pareto diagram in Figure 3.19. However there are a lot
of repair groups in the expressway lighting system; there are only two repair groups that
are vital to the expressway lighting (EM1). The first two repair groups in Figure 3.19
which are:

(1) Alllighting of one supply pillar is black out.

(2) One lamp of street lighting is black out.

The cumulative percentage the first three groups, as in Figure 3.19 is about 87%
of the total. Then to reduce or eliminate the breakdowns in the expressway lighting
system is to reduce or eliminate these groups.

Step3: Find the root causes.

To find the root cause of the three repair groups, we use Pareto diagrams to
analyze two repair groups, ‘One lamp of street lighting is black out” and “All lighting of
one supply pillar is black out.” The first and second repair groups are the first two
priority, that are chosen to be reduced because of the most effect to the customers of the
expressway, as shown in Figure 3.20.

Tables 3.6 and 3.7 show the causes of two repair groups. Both tables show
quantity of each cause and also summation of Time to Repair for each cause. Every

cause of every repair must be solved in the preventive action. Whereas this project will
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scope only in the majority causes which are the first two significant repair groups as
* shown by Pareto diagrams in Figures 3.21 and 3.22.

All causes of every job group must be eliminated as in the zero breakdown
concepts in the TPM, whereas the project will reduce the TTR and improve the quality
of the services. Then this project will reduce only the majority causes of two majority

repair groups.

Table 3.6. Cause of ‘All Lighting of One Supply Pillar Is Black Out.”

Cause of ‘All lighting of one SP is black out’ No. of Repairs | YTTR
Too high voltage 10 - 66
No electricity on control circuit 18 19
Photo sensor 7 11
Forget 15 10
Others 10 18
Total : 60 124

From Pareto diagrr;tm in Figure 3.20, the reduction of TTR in the first group, all
lighting of one Supply Pillar is black out, to reduce the summation of TTR in this group
we will eliminate the 4 causes of this repair group.

(1) Too high voltage from MEA: The too high incoming voltage that supplied
from MEA or PEA to supply pillars causes the damage to all magnetic
contactors in the supply pillars. 90% of the supply pillars that have the
problem is the supply pillar in the new stage.

To eliminate this cause, the department coordinated with the MEA and
PEA to change the voltage tap at the distribution transformers that supply

electricity to the supply pillars.
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But some transformer that MEA or PEA cannot change the tap at the
tfansfprmers because the reduction of voltage will effect some customers
that in the end of electricity distribution line. The E&M department has to
install the over/under-voltage relay in the control circuit. The relay will
open the control circuit if it detects that the incoming voltage is more that
250V, the specification of coil in the magnetic contactor is 250 V.

No electricity on control circuit: As in the control circuit, Figure 3.11, the
black out or brown out in the control circuit will cause the black out in all
lighting that is supplied from the supply pillar.

To improve the performance of the service, we will only install the.
control relay to switch the circuit. For example, if the control circuit is in
phase A, after the black out in phase A, the relay will gwitch the control
circuit to phase- B.

Although some circuits of the supply pillar is still black, in this case

the street lighting that uses phase A is black, it is better to make some
lighting work.
Photo sensor: A photo sensor is the sensor that signals to the magnetic
contactors to close circuits then the street lighting will on or off. The photo
sensor, as shown in Figure 3.13, has a limited life. In the first place, the
photo relays that are installed by the contractor are worked for more than 5
years.

But there is the attempt to reduce the cost of material, the selection of
the photo sensor then takes place from about one manufacturer to the new

one. The costs reduce to about 50%, but the period that the photo sensor can



be used, is reduced to about 1-2 years. After we found that, the E&M
department turns back to use the one that we used in the first place.

(4) Forget to reset to auto mode after any corrective or preventive actions. As
shown in Figure 3.11, the auto mode is the mode that the street lighting will
work autonomously. But there are the problems that the EM1 teams have
responsibility for both preventive and corrective maintenance.

To prevent the events from happening, the installation of a buzzer is
made at a selector switch for every supply pillar. The buzzer will not
activate only when the selector switch is in auto mode.

From Table.3.7, Pareto diagram, Figure 3.21, more than 80% of causes of ‘one

lamp of street lighting is black out’ is the lamp. To decrease the number of repair

ES

request, the early replacement is one of the ways.

Table 3.7.  Cause of ‘One Lamp of Street Lighting Is Black Out.’

Cause of One lamp of street lighting is black out. | No. of Repair | Percentage
Expired lamp life 180 85.3%
Fault request 9 4.3%
Control Gear not worked 7 3.3%
The circuit breaker trip or the fuse burned out. 6 2.8%
Circuit breaker not work 5 2.4%
Short circuit at the lamp holder 1 0.5%
Others 3 1.4%
Total 211 100%

The existing way, the E&M department will wait for the repair requests and also
wait for the lamps to breakdown. To do the early replacements for the expressway

lighting system, we need the specification of the lamps that are used.
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The lamps that are used in the expressway lighting, are High—Pressure Sodium
lamps, They have the expected Iife or Time between Failure (TBF) about 50,000 hours.
From TBF of the lamps, we can plan to renew the lamps when it is close to the TBF.
Most manufacturers give the Lumen Maintenance curve, as shown in Figure 3.22. The
curve shows the relation of the illumination of the lamp and its life. From the curve, if
the illumination of the lamps reduces to 90%, the lamp will be burnt out in 25% of its
expected life. If the expected life or TBF of the lamp is 50,000 hours, the lamp will burn
out in 12,500 hours approximately.

If the E&M department plans to have the early replacement, the E&M departmeﬁt
has to test the illumination of the expressway periodically. Today illumination must be
compared to the illumination of the expressway lighting when the lamp is new which
we will use the information from the hand over date.

As the illumination standard of the expressway lighting system, the average
illumination is 25 lux. And the average ilh\lmination of the expressway in the hand over
date is 31 lux. Although the lamps are about to burn out, the illumination of the
expressway lighting is not less than 85%. Then the illumination of the expressway
lighting is about 26 lux, which is beyond the standard. Then the reduction of the
illumination will not be the factor for the early replacement.

The measurement in the illumination of the expressway lighting then can tell the
rest time for the lamps. Then the E&M department can plan for the early replacements
and also estimate the costs. With the early replacements, the repair requests in the
second group will be reduced compared to the existing system. To minimize the costs of
maintenance, the early replacement can both reduce and increase costs. The degree of
the early replacement, the cost of breakdown maintenance (repair costs) and the

customer satisfactions are the factors that we have to do more research on.
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IV. CONCLUSIONS AND RECOMMENDATIONS

4.1 Conclusions

There are about 3 concepts of maintenance. One is the breakdown maintenance
(BM), another is preventive maintenance (PM), and the last one is Total Productive
Maintenance (TPM). While BM is to repair after a machine breakdowns and PM is to
prevent it from breakdowns, TPM is much more than BM and PM. BM ailows
breakdown to occur and PM is to minimize breakdown by maintenance teams. But TPM
goal is to achieve zero defects and zero breakdowns by not only the maintenance teams
but also operators.

Before TPM implementation, reducing Time to Repair is to reduce breakdowns in
the expressway lighting system and improve the service quality. To reduce Time to
Repair (TTR) in the Expressway Lighting, we use the quality improvement tools and the
maintenance concept to identify the significant problem, prioritize them and then solve
them.

First step of all the collecting the repair data is the key for this projeét. Because
only the correct input, can lead us to the correct output. Then using the Pareto diagram
is to prioritize the repair. While Time to Repair (TTR) and the severity impact that is
used to multiply TTR are also helpful for prioritize the repairs groups.

After the repairs are prioritized, only two repair groups are chosen to reduce. The
Pareto diagram still be used to prioritize the causes of the repairs, while the cause of the
repair is the information that we also gain from the repair requests. Then with each
cause there is the solution to solve but for the lamp life.

With the solutions, the first repair group should be reduced not less than 80%.

While the second priority repair group will have to do more analysis to make sure that
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will maximize the quality of services and also minimize the costs. Because most causes
of the second priority is the lamp life.

Since increasing TBF of the lamps is more difficult compared to implementing
early replacement. The factor turn from TTR and the service quality to the costs. The
more we try to reduce TTR and increase quality service is to increase the cost of early
replacement.

4.2 Recommendations

To reduce more than 80% of the first priority, the EMI1 team, which is the
maintenance team of the expreséway lighting, brainstormed for the root causes as shown
in Figure 4.1 (the cause and effect diagram of ‘Ali lighting in one Supply Pillar is black
out’). To eliminate all causes in Figure 4.1, is one of the ways to minimize the
breakdowns.

While the reduction of second priority repair group, one lamp of street lighting is
black out, must come from the early replacement. To implement the early replacement,
the costs of materials that occur must be compared to the benefit that the company and
our customer earn.

Another way to minimize TTR is to change the request workflow. But changing
the workflow of repair requests has to involve with other departments. The involved
department is Rescue and Traffic Department and Toll Collection Department.

The last way and the most important way is to implement Total Productive
Maintenance. The expressway lighting system has already implemented some part of
the autonomous maintenance. We already implement the initial cleaning in the EM]
team. Although EM1 team is the maintenance team, they also have the responsibility

because the system works autonomously.
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Figure 42. A Supply Pillar PM Check Sheet.
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After reducing the TTR in the significant repairs, we should implement Total
Productive Maintenance (TPM) in the organization. In the Expressway Li ghvtingi system,
there are no operators, as in the plants. Then to implement TPM, all responsible to
maintain the system is in the maintenance department, including the initial cleaning.
The 1nitial cleaning and Preventive Maintenance is the activity that Em1 team has done
for more than 3 years. The Preventive Maintenance (PM) check sheet is shown in
Figure 4.2. From the expressway lighting system check sheet, there is only the check
sheet for the Supply Pillar. There 1s no inspection on the illumination of the lamps that
is the factor for the early replacement. Then this is one point that the check sheet must
be revised or added. Another improvement for PM action is in the TPM basis by using
the four lists, defective area lists, question lists, source of contamination lists, and
difficult work area lists. (Gotoh 1992)

After improving the PM action, \setting the initial cleaning standards, and
autonomous standard is the next essential job because the standard help the expressway

lighting maintain the reliability level. To maintain the level of TPM also needs to have

the process quality assurance to have the continuous improvement in order to achieve

Zero breakdown concept.
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APPENDIX A

EM1 REPAIR REQUESTS DETAILS
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Table A.1. Repair Request Details during June 1999 and February 2000.

Order Date Job Cause (Operation Finish Date
1-Jun-99 |1 a2atduereniieduy Ao 1gn 15 14 nlagunaon 31-May-99
1-Jun-99 {1 analWuaanraiedy A IYAT 1T nlAguwasa 31-May-99
1un-99 | Iumadsdudududu Fhdna naoudlm 2-Jun-99
1-Jun-99 |1 a3 Tusreariiediy WHABIGM T 11U Wasuwasn 2-Jun-99
1-un-99 |1 analvumeniedy HUABIYNNT 1T Whgunaoa 2-Tun-99
1-7un-99 |1 aa Wumaardiediy WLAD YT W11 1lasuinan 2-Tun-99
1-Jun-99 |1 a2a Wumearinediy AN 1¥ 91 wasunaen 2-Jun-99
1-Jun-99 1 aa IWumeardnediy VUADIGATT 1F AU nlaguvnen 2-Jun-99
1-7un-99 |1 aaalvlusremriedn NABIYNIT 1F I wWasuraon 2-Jun-99
1-Tun-99 |1 aaa Tueraraiedy WLABIYNIT 1T wlasunasa 2-Jun-99
1-Jun-99 |1 e lWuasariiediy NUABIGAIT L1 wWaguraen 2-Jun-99
1-Tun-99 |1 ens usan ey WA T1T wWasuviase 2-Jun-99

e W P
1-7un-99 |1 aaaldueasdnediu nuaeIgMs i Wasurasn 2-Jun-99
r o o a o '
2-Jun-99 |1 a9 Iueaniiaday Control Gear (&8 wWagugUnsatlmi 3-Jun-99
e £ =
2-Jun-99 {1 a3 Tumanaedy HUABIYAT 11U iagunaee 3-Jun-99
urinileaioudnena T (Draw pit ) ol .-
2-Jun-99 . gl Anaslul 3-Jun-99
cover) (Hon
2-Tun-99 |1 @23 Wumandnadu MRS 1T Wasuwasa 3-Jun-99
Y ¥ =
2-Jun-99 |1 adaTrmendiequ HUABIYAIT 11U whasunaen 3-lun-99
2-Tun-99 |1 @3a TWumanrdnedy e gMTIFIL waguvaon 3-Jun-99
y toa ¥ =
2-Jun-99 |1 a3 lueranrdiadiu MUABIYNIS 15U Wagunasa 3-Jun-99
2-Jun-99 {1 a3 Tlustara1ady NADIGNIT 1F11 wlAvuvasn 3-Jun-99
2-Jun-99 |1 aaalrueadnedy nuaegmslfau wasuaea 3-Jun-99
2-Jun-99 |1 a39 Mueraeriiedy WHABIYN 15 1H 31U wldgumraon 3-Jun-99
e q ¥ ~
2-un-99 |1 analWumanriedy MUADIGNT 1B wasunaan 3-Jun-99
uruilagouAumev (Draw pit " . P
6-Jun-99 . QiRe wagugdnyallii 6-Jun-99
cover) UMY
y o dy o ¥ o~
6-Jun-99 | Wammuinadaifu 1 ada wuAD g1 1 nauunasa 6-Tun-99
uentlagouanmeo’ W (Draw pit " p L
6-Jun-09 . QiiAe wfavugunsalln 9-Jun-99
cover) HTUIY
7-un-99 | Myaduiidatadu 4 ads Aaaa liid And i) 7-Jun-99
7-Jun-99 |1 @23 Tuaerdtedy HIAD YR 1T I nldouriasn 8-Jun-99
7-lun99 |1 aa uasar iy Control Gear 1Y Hfﬁll’u‘qﬂﬂiﬂﬂ“mj 8-Tun-99
7-Jun-09 L aaeTdumaadiaqy T AREACAReY nlAvunnee 8-Jun-99
1 ‘ @ ¥y Y - . < ot .
9-Jun-00 | Tumaeraaduauauau Hanaonmaina AoRT 9-Jun-99
| 9unon Trlumand winaaoauL Fadine alammalasailmg 10-Tun-90
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Table A 1.

Repair Request Details during June 1999 and February 2000. (Continued)

Order Date Job Cause Operation FinishDate
09-Jun-99 | umritadesthoduaihe Fuse Box nsl nldougilnsailmi 10-Jun-99
09-Jun-99 | Munaninsdudududu g aldoudadlmi 10-Tun-99
09-Jun-99 | Iusarrinadudududuy #aidua nlaoiadlmi 10-Jun-99
09-Jun-99 |1 a3 Irueranriredn wuABIgMs 1§91y aldourasa 10-Jun-99
09-Jun-99 |1 @21 ueranrdiedn waoign s 1¥au wliounasa 10-Tun-99
09-Jun-99 |1 eaIrumaninedu HusegnTs 1H uldounase 10-Jun-99
09-Jun-99 |1 a3aIunaeriiedy HuRe NS 1% nlAsumase 10-Jun-99
12-Jun-99 quﬁuﬁﬁwﬂmﬁn 4824 Transformer 18 wlaougalnsallmi 12~Jun-99
16-Jun99 |Mumaeriedudududu denens Aumalw 16-Jun-99
16-7un-99 | Tgn@ufitialmsy 2 ma Flashing Relay (&0 aldougalnseilvi * 16-Jun-99
16-Tun-99 |1y uiidiadadu 1 aae HUABIYN T 1911 nffoumases 16-Jun-99
16-Jun-99 | lrumaninadesthedy 1 e Ve g1y %O nfdeunasa 16-Tun-99
16-Jun-99 |1 w29 ldumerriedy HUAB YN 1Y nldounasa 17-Jun-99
16-hun-99 |1 A2 lrurrandnedy HmeMs gy nfaounaoa 17-Jun-99
16-Jun-99 |1 @33 Mumandiedu HuRe s I wlfeuvaos 17-Jun-99
167up-00 | Murmaeriredesthesuiathe |denans wurnelwi " 23-Jun-99
19-Tun09 | umeariadudududu haduna alaeufadlmi 19-Jun-99
19-Jun-99 - {1 @39 Iumeerinedy mmmf}ms‘l%’ﬂu nldounase 19-Jun-99
19-7un-09 | Igaidufifiaiandy 1 ane nnﬂmqmsli’iﬁu asumaoa 19-Jun-99
197099 |Iumensnadasthosuiathe Anda i Rumolni 19-Jun-99
207un-99 | IMgamuidislandy 1 me rusegA s ¥ nffounasa 20-Jun-99
20-Jun-99 |1 eelrumandiedy TR GREA AR nlasunasa 20-Jun-99
20-un-99 | Wumersdudududu Whdua i tu 20-Jun-99
20-Jun-99 | Tuserritenieedhoduiisth Fanahid TatdSwmmn 20-Jun-99
urutlaveuduemolH (Draw pit ; .
20-Jun-99 LRI uldeugalnsetlni 21-Jun-99
cover) iitavie
22-Jun-99 |1 @23 TumanI Ay Control Gear 418 nldsugilnsallmi 23-Jun-99
22-7un-99 | Tuasaitadsthedy 1 a9 wuaegms nlfsunass 23-Jun-99
22-Tun-99 {THumandadeathods 1 a9 wiREYMs 130U nlfounaon 23-Jun-99
22-3un99 | umserindesthody 1 @ wimegms1$anu slAvunasa 23-Jun-99
22Jun99 |1 a3 TWunandiedy HUADIGA1S 199U aldounasa 23-Jun-99
22-Jun-99 |1 3 ldueae iy nuae1gRs 1fau nlAounaos 23-Jun-99
22-hun-99 |1 A3 IWunandnedy nyAOIgMS ¥ WAunaon 23-Jun-99
22-1un99 |1 enaldunandted A gn1s 1 alavunaoa 23-Jun-99
22-Jun-99 |1 a2 Iumana1edy nAnIgM T IFau nldrunaoa 23-Jun-99
22-Tun99 {1 @29 TN 9@ WA IFNU nlAvuwane 23-Jun-99

67




Table A.1.

Repair Request Details during June 1999 and February 2000. (Continued)

Order Date Job Cause QOperation FinishDate
22-Jun-99 {1 waaTduemaeriiedy nuaoigns ¥ nldsunana 23-Jun-99
22-Jun-99 |1 a2 Iumrsardnedu nRDIYMT 1FIU 1fasunnon 23-Jun-99
22-Jun-99 |1 a2 Irueramrinedu nuADIgNIT 19 nfdounaoa 23-Jun-99
22-Jun-99 |1 a2rumrardiedu nmoIgms IFau nlfounaea 23-Jun-99
22-Tun-99 |1 adeMumranaedu NHADIGATT 131U 1laounnoa 23-Tun-99
22-Tun-99 |1 @33 uerandnedu nuaogM s 1§ U nlfeunnon 23-Jun-99
1w I =
22-Jun-99 |1 a2 lrumenitedy NUABIGATY IO slfsunana 23-Jun-99
e @ =
22-Jun-99 {1 @2 lrumeerinedu nuavIgAs 1% nlasunana 23-Jun-99
22-Fun-99 |1 @2eIrurrandnedu nyReIgn15 15U nlfsunaen 23-Jun-99
22-Jun-99 |1 @33 lduevandiedu nuRpIgATS 1T nifsunana 23-Jun-99
147099 |Tga@uiimalaidu 209 as2ewt lide Tidesdutiumslan 14-Jul-99
14-7uk99 {1 @2auerant3ned nuapIgMsIvau nlasunana 14-Ju1-99
17-7u99 | IWga@uiidialadu 2 ais Flashing Relay 1ft0 alaougiasellmi 17-Jul-99
17-lu99 | Mussmransdudududuy Circuit Breaker #7993 AD7995 18-Jul-99
18-Jul-99 | Irgmduiidialaidu 1 aas YRABHAIV/UAN AaA S Traj 18-Jul-99
20-Tul-99- | Iumaniisduaneruun ARI993 @umyln 20-Tul-99
uruTlagourueold (Draw pit o .
20-Jul-99 . QiiAHg Aadelny 04-Aug-99
cover) (T8N
21-7u199 | gasufidialadu 1 aas ldnasanady Aadna 21-Tul-99
21-Juk99 | Tgadufifiadladn 4 aoe dades wumiolng 21-Juk-99
24-Tul99 | TMumnidusanauun Hauia nlaouiflmi 24-Jul-99
24-Tut-99 | Tumramrnsdudududy Aadaliin Anasini 24-Tul-99
o Ihgeraade Taud wazge | . .
24-Jul-99 R nfdougainsatlmi 24-Jul-99
T Initee
24-ut-99 i Wivhumand s lauIidono|giiameg wsuginsalln 24-Jul-99
24-Jut99  frn I e ez Iny Iiftow e g 1iding nlasugiasalln 16-Sep-99
7 = '
26-Jul-99 | Tgaiwiitamonanum giiamg nlaougalnyailn 26-Jul-99
uruilagauAunio v (Draw pit " vy o
31-Jul-99 QiiAmg hidesduiiunislan 10-Aug-99
cover) Rame
uruTayeudumon (Draw pit - oz
02-Aug-99 qiiame Araalny 03-Aug-99
cover) @amio
uruilaseudumalv (Draw pit " P
02-Aug-99 giiAme Aadalny 04-Aug-99
cover) G
03-Aug99 |IWumssrieduduiudu e aldsuidIng 03-Aug-99
04-Aug-99 | Mumamsduduiudu asenua lihde Tudneduinaislan 04-Aug-99
s & < e et Ex ' .
04-Aug-99 | Irgnmwfomonavua giiAme nldougalnsearing 15-Sep-99
07-Aug-99 Llﬂqmiuﬁf“f 1edaidy 2 & Flashing Relay 1lt nlAvugalaseiing 07-Ang-99
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Table A.1.  Repair Request Details during June 1999 and February 2000. (Continued)

Order Date Job Cause Operation FinishDate
07-Aug99 |Igndufidralady 2 ma Flashing Relay (fit nlfeugilnsallui 07-Aug-99
07-Aug-99 | Muraairadesthedy 1 aaq nusegn s I wAvunasa 07-Aug-99
09-Aug99 |Tgadufidinlaidy 1 nuavgnsiFau nidsunasa 09-Aug-99
09-Aug-99 |1 A3 Mudaeritedy Huae1gAT 1% nldsunase 08-Sep-99
09-Aug-99 |1 e Wurmaniiedy nuao g s I nlavunasa 14-Sep-99
10-Aug-99 |ueraniredudududu Magnetic Contactor (i alaeugilasaiim 11-Aug-99
11-Aug-99 |Truerani19Radng Photo switch 189 aldougilnseilng 11-Aug-99
11-Aug-99 |1 ane'llumaniiedu nuAB g3 14U aldeunasa 07-Sep-99
11-Aug-99 |1 @3¢ TWunsndnedy numegMs ¥ nldsunasa 07-Sep-99
13-Aug-99 |1 aaeIuaandiedy nuavigas1Fau nlasunasa 07-Sep-99
13-Aug-99 |1 @39 Murtandiedy mimeIgn1s ¥ nidsunasa 07-Sep-99
13-Aug99 |1 ardlumeadiedu nuasIgAs ¥ nlisunasa 08-Sep-99
13-Aug-99 |1 a3 lunaninedy nuAsgn 1y IHIuY aldvunaen 09-Sep-99
13-Aug-99 |1 a9 IWunaniedy nuABIgMS I ldsunasa 13-Sep-99
13-Aug-99 |1 @29 Murtandiedy nuAvigAs IS ldsunasa 14-Sep-99
14-Aug-99 |1 A2 Trlurandrady nuss1gms ¥y nldoumasa 07-Sep-99
17-Aug-99 |1 @29 Teucsadedy quiamg nlasunasa 01-Sep-99
17-Aug-99 |1 ¢ vlunaninedu nuas g3 1¥au aldeunaen 07-Sep-99
17-Aug-99 |1 @aeTunsaiiedy AR g5 1T fisunasa 07-8ep-99
19-Aug99 |1 @aarueresrdiedy nuAeIgs ¥ nldsunasa 07-8ep-99
21-Aug-99 iAo Qiinng aldsugyasallusi 31-Aug-99
21-Aug-99 |1 aaaIrluoaariedy nuavigms 1o pldsunasa 07-Sep-99
21-Aug-99 |1 @33 lumandiadu nuaignts ¥ iinumasa 07-Sep-99
uriuTareuaumold (Draw pit : e
21-Aug-99 fLiAMg wldsugalaseaiing 15-Sep-99
cover) Rume
20-Aug-99 |Igaiufidrarlady 4a Flashing Relay ({10 aldeugilnsallmi 01-Sep-99
29-Aug-99 Ngﬂnﬁmﬁwwifwuﬁ QLAY aldsuglnserln 19-Sep-99
29-Aug-99 'lﬂgﬂﬁwﬁﬂmﬂﬁkuﬁ gAY iAsuginselln 19-Sep-99
31-Aug-99 | TWumesivdesihodu 1 ad HIABIYATT 11U aldsuvasa 06-Sep-99
ninfuficues Magnetic
03-Sep99 | Tummisdudududu . ABWIINTN Contact 04-Sep-99
contactor ¥1A
04-Sep-99 |1 aaaTeurrandiady nuaogn s 1T nlavunase 06-Sep-99
04-Sep-99 |1 A Trumaaiady HURABIYNTS 191U alAgunana 07-Sep-99
04-Sep-99 |1 a3 Tumendedy WHAT IR 1H nldoumaon 07-Sep-99
04-Sep-99 {1 A Inumandedu WauAo g 1 aldsunana 07-Sep-99
04-Sep-99 |1 analrueamitedny wuae s Wi nlAnumana 07-Sep-99
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St. Gabriel's Library

Table A.1.  Repair Request Details during June 1999 and February 2000. (Continued)
Order Date Job Cause Operation FinishDate
04-Sep99 |1 a2 lrlueraninedu nuRLIYMS Y nlvunasa 07-Sep-99
04-Sep-99 |1 a3 Muttaniedy oM 1¥au nlfvunaoa 08-Sep-99
04-Sep-99 |1 adelumanriiedu nuamIgMy waouvnaea 14-Sep-99
06-Sep99 | Irumraninadeathedu 1 aq nuasgms s nfisunasa 07-Sep99
06-Sep-99 {1 aeusanedu nmegms l¥anu nldounaea 07-Sep-99
06-Sep-99 |1 arelumeniiedy nuaeg1sIFu nlhounasa 07-Sep-99
06-Sep-99 |1 A luearedy A Igms v niAsunasa 07-Sep-99
06-Sep-99 |1 @2 Iunarinedy Tismau waoumasauazgUnsol] 08-Sep-99
07-Sep99 |Mumamrinduduiudu Circuit Breaker #2393 #8905 08-Sep-99
07-Sep-99 |1 aaaIrurracritedu HuAvIgMIs 11U nidvuvasauazgunsel] 08-Sep-99
07-Sep-99 |1 Aavlrurariredy nuaogms 1 wisunasa 08-Sep-99
07-Sep99 |1 a29Wurandnedu nuAoIgMS 15U wasunasa 08-Sep-99
07-Sep99 |1 analrlumaniadu nuao1ga1s ¥ nldounasa 08-Sep-99
07-Sep-99 |1 aa Irurraorinady nuaeIgn 13 ¥ niisunass 08-Sep-99
07-Sep99 {1 a3aMueran319du nuao s 1 nfAounaea 08-Sep-99
08-Sep-99 | Murrarriradtoathedu 1 a2s numegms 1Fau watumaea 08-Sep-99
08-Sep-99 |1 A3aleurrarrisdy Control Gear {8 wdougunsell 09-Sep-99
08-Sep-99 | Tumansdudududu Faffuia wand i 09-Sep-99
08-Sep-99 {1 e lrumraniiady naegmslFau wAtumasa 09-Sep-99
08-Sep-99 | Tueraniracieadheds 1 a2 nuamgas 1 1lAounaon 09-Sep-99
08-Sep-99 | Mumaminaciaathioay 1 ada nuaogas ¥ Aunaos 09-Sep-99
08-Sep-99 |1 w3 lrumrarrinedu nuaoiga1s 1Fau wiounaon 09-Sep-99
08-Sep99 |1 A2 Tuersnrihedu nuae s 1% wlAvunaos 14-Sep-99
12-Sep-99 | IWumimriadumananL) Magnetic Contactor 8 méﬂuqﬂﬂseﬁ‘lnﬁ 12-Sep-99
12-Sep-99 |1 29 Muerarriiedu asranuh hinde Tidedniiunmslag 14-Sep-99
12-Sep99 |1 e lelumaehady HuRegMs 1491 nlasunasa 14-Sep-99
12-Sep-99 |1 AN IuamIndAy nuAogMs 1F9u niiounaen 14-8ep-99
12-Sep-99 |1 a29 Iuerarrdnedu numeigms 1 wivunasa 14-Sep-99
12-Sep99 {1 Adeueranrdiedu WuARIgA15 1H aasumasa 14-Sep-99
12-Sep-99 |1 w33 luera e nuaeIgMI ¥ nidounaeauazguasal] 15-Sep-99
13-Sep-99 |1 a3 Mueraerdady wiae s 190U alAounasa 13-Sep-99
13-Sep99 {1 araumaniiady HuRBPMS 151U lfeuvaon 13-Sep-99
13-Sep-99 | umaerieduduiudu Circuit Breaker AR 71993 niAvuguasailmi 14-Sep-99
13-Sep-99 |1 a3 TWumaninedy asIawn 31 ity Bidnaduiiumslan 14-Scp-99
13-Sep-99 |1 maalvluctaninedu HLRDIYMS 1F U nifounnea 14-8ep-99
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Table A.1.

Repair Request Details during June 1999 and February 2000. (Continued)

Causeq

Order Date Job Operation FinishDate
13-Sep99 |1 a1 IMueranrinedu nuAvIgNs 1% nisunaoa 14-Sep-99
13-Sep99 |1 a1 Mumanady asewuh ity hidesduiiumslag 14-Sep-99
13-Sep-99 |1 a2 lucraeriiedy nuRs M 1% wiivumaea 14-Sep-99
13-Sep99 {1 s umaniiedy nuamIgms 1% nliguvnaea 14-Sep-99
13-Sep-99 |1 @aaIuemrserinady vuasgas ¥ nidsunasa 14-Sep-99
13-Sep-99 |1 v IHurtaninadu nuaeIgA1s1Fu wavumnen 14-Sep-99
13-Sep-99 |1 e Tvlumanritedu Fadna aldouiadlmg 14-Sep-99
13-Sep-99 |1 @3 Iruetarrinadn AN Wity higeaduiiunislag 14-Sep-99
13-Sep-99 |1 aad Truaanitady HuRBIYMS 1% 11U nldeyumnea 14-Sep-99
13-Sep-99 |1 #3a Tumserdnady vuaegmsifau nlivunaoa 14-Sep-99
13-Sep99 {1 matIMuerandnadn MuRBIgM S 1% nlAsunasa 14-Sep-99
14-Sep99 |1 a23luetarrinadu nuAvIgAs 1% nlfvunasa 15-Sep-99
14-Sep99 |1 829 Iuerandtadiy ¥uRIgN1s 1¥ 0L nlisunaea 15-Sep-99
15-8ep-99 {1 aaaumeaindu HuAvIgAIs 1% nlfounaos 16-Sep-99
15-Sep-99 {1 e Murtaniagy vuaegns F N wfitumasa 16-Sep-99
05-0ct-99 {1 @23 Mumsranady e nlandhdln 26-0ct-99
15-0ct99 |Igndufitadmdu 44 vuagignis ¥ aoumnon 18-0ct-99
21-0ct99 | Iursrrisduansauun e WanAadni 23-0ct-99
niNFuftuBe Magnetic
25-0ct-99 | Mumrarrinedudududu p AOW M1 Contact 25-0ct-99
contactor ¥1JA
25-0ct99 | Mumarriisdama Photo switch 1ffo nfeugilnsdilmi 25-Oct-99
25-0ct-99 |1 @23 IHumseriedu nuaegms i wlisumaea 05-Jan-00
25-0ct-99 | umsorinadusnoauw Circuit Breaker AR3995 /02393 21-Feb-00
26-0ct-99 {1 A28 Truerandtady arenu ity higsaduiiumslag 27-Oct-99
07-Dec-99 |1 Aasueaniedy nuaBIgAIT IFNU wldeunasa 05-Jan-00
11-Dec-99 {1 a2 Iruerseritedu wiaeigms 1 nﬂéﬂuuaanuazqﬂnsﬁf 07-Feb-00
13-Dec-99 |1 a2 lHuemsrriediu nuaggms F wdvunnoa 12-Jan-00
18-Dec-99 |1 A umaerisdy CB1ffy nideugnseallmi 20-Dec-99
18-Dec-99 |1 aagueraeriredi CB ifto nldougilnsellmi 20-Dec-99
19-Dec-99 |1 g Iumandiadu Circuit Breaker #2995 #ONTT 04-Jan-00
19-Dec-99 {1 aatlumninediu MR IS I¥ U nldsunasa 05-Jan-00
19-Dec-99 |1 a2 Iruraerinediu Circuit Breaker AA1395 A03909 12-Jan-00
19-Dec-99 |1 a9 umaninsdu WHAD IS 191U nldouvass 12-Jan-00
19-Dec-99 |1 e irumaaadiu A IgMSs 19911 nlAvunnen 12-1an-00
19-Dec-99 |1 e vursmingy Circuit Breaker #8393 #0205 12-Jan-00
19-Dec-99 {1 anaIdunmanindy HHADIGNIS 191U nlAnmana 12-Jan-00
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Table A.1.

Repair Request Details during June 1999 and February 2000. (Continued)

Order Date Job Cause Operation FinishDate
19-Dec-99 |1 a3 Tumaaiiady nuasign s ¥ nfdvunaea 12-Jan-00
19-Dec-99 | Iumsrrindoathedu 1 a3 nuseIgA1s IOy ldsuwasa 16-Feb-00
22-Dec-99 |1 @2eIrumaniiady D gn1s 1% nfiounasa 23-Dec-99
22-Dec99 |1 At unaniiady MuABIgn 1T 199U nldeunasa 23-Dec-99
22Dec-99 |Iumaiadesdhofufiathe CB ity nifeugilnsaiing 04-Jan-00
22-Dec-99 | umarisdudududu Circuit Breaker R42993 ADI905 04-Jan-00
22-Dec-99 |1 A2 Mumaeriedy vuRegn s 19 ldvumana 12-Jan-00
22-Dec-99 |1 @23 untaninedy nuanAs ¥ nidsunasa 12-Jan-00
22-Dec-99 |1 e Iumaniiedy nuaBIgMs ¥ nlfvuvasa 12-Jan-00
22-Dec-99 |1 maaMumrandndu nussgmslFau nldounaea 13-Jan-00
uruilateuduemo W (Draw pit
25-Dec-99 QiiAINg hidewuiiunislag 05-Jan-00
cover) tREN 18
27-Dec-99 |1 w23 Mugarrinedy nuaB g 1% nldgunasa 12-Jan-00
27-Dec-99 |1 3¢ lnumeninay HuAB I3 1T Y nldounasa 12-Jan-00
27Dec-99 |1 Adelumendnedy Favasatiga nldouginseilmi 01-Feb00
30-Dec-99 Juen I wmeniiazInuifomo|giiding lfvugalnsellw 26-Jan-00
02-Jan-00 | Mgn@ufidilady 2a2s asanwd e lideeduiiumslas 04-Jan-00
02-Jan00 |1 @23 luaaniiedy Control Gear g lAsugilnseilng 01-Feb-00
03-Jan00 | Tusterriredimatheguiati Circuit Breaker A#2995 792995 04-Jan-00
03-Jan-00 |1 A2a Iuoeadinedy HUABIGNS 1H1U nldounasa 12-Jan-00
04-Jan-00 | Musndvdudududu Circuit Breaker AA1395 #9995 04-Jan-00
05-Jan-00 | unsrindududuau An29e5 Bumglwi 01-Feb-00
06-Jan-00 |1 @29 Tunanriedy vumegn1slFau nldounasa 12-Jan-00
06-Jan-00 | Irumaniredudududy Circuit Breaker #8393 AD2993 12-Jan-00
06-Jan-00 | Munseriedudududu Circuit Breaker #2495 AB9T3 12-Jan-00
08-Tan-00 {1 a3 Muasainedy numpgms 1%y nldouvasa 12-Jan-00
08-Jan00 |1 e Tvlumerdnedy Control Gear 1ty ldougilnsetlng 12-Jan-00
08-Jan-00 {1 adaumerriedy nuaegns ¥ au nlituvaea 12-Jan-00
08-Jan-00 {1 a3 ueranInedy asaamu luie Tidosduiiunslan 13-Jan-00
08-Jan-00 |1 eeluaeaitedu asranudt e lidsaduiiumslag 13-Jan-00
08-Jan-00 | Irluntarriredeethodu 1 ade HABIgN T ¥ livunasa 25-Jan-00
08-Jan-00 quﬁu?'m” Tfad 2 ag ayaavwa lude hideduiiumslag 25-Jan-00
10-Jan-00 | Inn@udifatlaidy 2 ade Flashing Relay 10 nlAsugilaseilm 25-Jan-00
10-Jan-00 |Trgnidudidiatlmdn 2 aae Flashing Relay (&t nlavugunsallvi 25-Jan-00
11-Jan-00 |1 @3 ustanriedu wiAR YIS 191U wlAnunasa 12-Jan-00
1i-Jan-00 {1 a3eumeadiedn wuangmI 1day nldvunaoa 12-Jan-00

72




St. Gabriel's Librar

Table A.1. Repair Request Details during June 1999 and February 2000. (Continued)
Order Date Job Cause Operation FinishDate
11-Jan-00  fsen M umaahadeono B1iame Lalﬁﬂuqalﬂiiﬁnﬁ 15-Feb-00
12-Jan-00 |1 A3 Mueaerhadn numeIgA1s 1 nlfdvunnen 13-Jan-00
12-Jan-00 |1 A3 Idueraeredu numegm 4 nldvunaen 13-Jan-00
12-Jan-00 |1 @23 Mueteerhadin nuao1gMs ¥ nifsunaen 13-Jan-00
12-Jan-00 |1 a39lvuarseriedy ruaeIgms IF wasunasa 13-Jan-00
1292000 | naduidralméu 4 aaq menA Fadalm 15-Jan-00
12-Ja000 | IRaduRfaladu 2 a0 Flashing Relay (flt Lﬂéauqﬂﬂsd‘lmi 15-Jan-00
13-Jan-00 |1 a29Mudaniadn nuae g 1 nidvunaoa 13-Jan-00
15-Jan-00 |Mumsnhsdudududu Fadwa nfvuiad ng 15-Jan-00
15-Jan-00 | Tumsaiedusasauun as1awu Lty Ludssduiiumslag 15-Jan-00
15-Jan-00 |1 a3 Tueraerinadu CBifitu nliAvuginsailn 18-Jan-00
15-Jan-00 |1 aa Muetseriiadiu CB iy nlAvugansellng 18-Jan-00
15-Jan-00 {1 @39 Mucracriradny CB ity niavugUnsailn 18-Jan-00
15-Jan-00 |Trigndufitsdaify 4 ma YARDHAIN/ALAR A lmi 25-Jan-00
16-Jan-00 'lvlqmﬁuﬁﬁ 1lmédu 4 aae Flashing Relay (Tt nlasugnsailmi 17-Jan-00
18-Jan-00 |1 A28 ucrerrdned nmogns ¥ alfounnon 18-Jan-00
18Jan-00 |Iumscrisdosthodusiathe Hadum wandad 18-Jan-00
18-Jan-00 |1 e Tumaniedu a3 1% nldvunnoa 19-Jan-00
18-Jan-00 - {1 @23 Murrarhedn HiAegn s 1Fau lavuvnaon 19-Jan-00
18-Jan-00 |1 33 IMumvacriredn T LA EA LA nlivunaoa 19-Jan-00
18-Jan-00 |1 &3¢ Munvseriredu HuAegn1s 1% nlAvumaea 19-Jan-00
18-Jan-00 |1 a2 Tuasariiedy nuAvIgN1T %91 lanumaca 19-Jan-00
18-Jan-00 |1 maalumaniiedi Wrmegs 1 nasumnen 19-Jan-00
18Jan-00 |1 maelumarrhiediy numogm s IFan alavunnen 19-1an-00
22-Jan-00 | Mumanrhadudududu Magnetic Contactor fft nldvuginsellus 22-Tan-00
22-Jan-00 | Iucaaieauaasaun Magnetic Contactor Iftt nlaougnsellng 23-Jan-00
23-Jan-00 | Mumaninadadie asawut o lidoduiiunislan 23-Jan-00
24-Jan-00 |Tgndufitialady 2 @ Flashing Relay ifft nlavugansarlm 25-Jan-00
2492000 |Ignduithalmdu e HaRegs 1% nldvuvaon 25-Jan-00
24-Jan-00 ‘Mnmﬁu‘?{ﬁ'nﬂmﬁu 293 Flashing Relay ({0 nléﬂufnlﬂszﬁ‘lmi 25-Jan-00
25-Ja0-00 |1 839 Wumaerinedy eIy ¥ alfuunaon 25-Jan-00
29-Jan00 | Tumaaradesthodusiathe Fhdna aldoudadimi 05-Feb-00
30Jan-00 |Iandufithaladu 1 ma HuAD AT 13911 nfAuuwaen 30-Jan-00
30-Jan-00 | Mumseritesduduiudu aAa9eg Aumo T 30-Jan-00
30-Jan-00 |1 aelrumaniedu i@ g FIY WAnmasa 30-Jan-00
30-Jan-00 |1 aadIeumaerinedy HuRD M IFY nAvuvaoa 30-Jan-00
30-Jan-00 |1 @29 Idumagriiedy nuso lgn s 1y A wave 02-Feb-00
30-Jap-00 | Ihuenarrinduduiudu Magnetic Contactor 0 nlAvugalnsailmi 28-Jun-00




Table A 1.

Repair Request Details during June 1999 and February 2000. (Continued)

Order Date

Job Cause Operation FinishDate
31-Jan00 | Igamuiitiaderdu 1 a2e HuRAL M 1% nlasunana 03-Feb-00
31-Jan-00  |Trumeniiedoaihedy 1 a9 Control Gear it nldvugilnsailmi 05-Feb-00
31-Jan00 | Igadufitielady 1 ma nuReIgms ¥ alAsunaoa 26-Feb-00
05-Feb-00 | rlgmiufidratlandu 2 aaa nuaoigats 15 aldvunaen 26-Feb-00
05-Feb-00 |Ivnaiufidratardiy 1 ae HuAB M IF Y ldsunnen 26-Feb-00
07-Feb-00 |1 aasTruerserdieady nuRO 1A 19 Wasumnea 07-Feb-00
07-Feb-00 |1 maaTWlumaninedy RiiALYg wldsugdnsailmi 07-Feb-00
07-Feb-00 |Tumrsariadeadhodn 1 aaa HuReIgAIT 1Y Waounasaunzgiasel| 07-Feb-00
07-Feb-00 |1 @aeTusaarhsdy nuavIgmIsIFau nlasunaea 07-Feb-00
09-Feb-00 | Igaiufidhalma 2 aa Flashing Relay (&t alfsugilnsailni 09-Feb-00
09-Feb-00 |Iumninedesthodusiathe CBifty nldsugnsaimi 09-Feb-00
09-Feb-00 |1 aasIWumandnedy HURBIYAS 1H U WAsunaen 09-Feb-00
09-Feb-00 {1 a2aTvunaerinedu HuRBIYAISIF Y nlavunaea 09-Feb-00
09-Feb-00 {1 A33 Tuluevaerinadn HuABIYN IS 1Y alatunnen 09-Feb-00
09-Feb-00 |1 @2 Munandnediy HuAnIgAs 1N nldeunasa 09-Feb-00

uriutlazo u@umo W (Draw pit :
09-Feb-00 QiiAHMe nasugdnsaiing 14-Feb-00
cover) {HuMI 5
12-Feb-00 |Cable Tie 16 1y HuAB1ga13 TH Y WAsugUnsarlng 12-Feb-00
12-Feb-00 |Cable Tie ufi 1y MUABIGMS 19911 aldougyasallui 12-Feb-00
12-Feb-00  [Cable Tie i 1 . HuRBIYAS 191 alasugilnsel i 12-Feb-00
12-Feb-00 |Cable Tie ufi 1y nuaBIgas I ldsuguasellni 12-Feb-00
12-Feb-00 |Cable Tie 1 v nuABIgAT I nidougiasailmi 12-Feb-00
15-Feb00 | IMunfuiidhadmay 1 a2 nuRBIg 1 Y alisunasa 16-Feb-00
15-Feb-00 |Ipa@ufidralmdy 4 an Flashing Relay (& alAvugilesallmi 16-Feb-00
15-Feb-00 | Tunmsaiisdudududy as9nu hide Tidesduiiumslan 16-Feb-00
15-Feb-00 | Wi ufithetlmdu 1 ane nuA YN 151U aldsunana 16-Feb-00
wihdudeuns Magnetic
16-Feb-00 | lrumsnisdudududu i AD%3111 Contact 16-Feb-00
contactor ¥13A
16Feb-00 |Irgamuiidradmdy 2 e Flashing Relay ifft nlavugdasdllni 16-Feb-00
16Feb-00 | Tuamiadudududu Circuit Breaker A#3395 AD2393 16-Feb-00
16-Feb-00 | rumanitadudududu fhdua wieufadlmi 16-Feb-00
16-Feb-00 [Tumarrindudududu Faduna wavudad T 16-Feb-00
18-Feb-00 | TWlumaniisauannauu fA2393 Aunmolng 19-Feb-00
18-Feb-00 |vumaniaduduiudu Whdwna uldeuiadlmi 20-Feb-00
18-Feb-00 | Tumamiadudududu dna WasuRadlni 20-Teb-00
WNAuTu0 e Magnetic
20-¥eb-00 | Tnerarrd nduduiudu . @an 911 Contact 20-Feb-00
contactor ¥17A
20-Feb-00 | Tumainanduiudu Circuit Breaker fa 7483 ADINT 21-Feb-00
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Table A.1.

Repair Request Details during June 1999 and February 2000. (Continued)

QOrder Date Job Caunse Operation FinishDate
v k4 4 o
21-Feb00 |Mgafufidistlardu 4 are aadalaid Aadalv 21-Feb-00
22Feb-00 |1 A2 Irueraerinedu HuavIgs 191 nlasunasa 22-Feb-00
22-Feb00 |IMmiufifiadaidu 2429 Flashing Relay (it ilasugalnsallu 23-Feb-00
L] ?
22-Feb00 |1 a2 Iunanrhedu nuaegmsiFau nlhuuvasaunsginsal] 23-Feb-00
22-Feb-00 |1 a3 umaniiedu nuARIgMsIF Y nlaounasauagilnsai| 23-Feb-00
24-Feb-00 |1 A2 unanriiedu Circuit Breaker @295 #92995 01-Mar-00
26-Feb00 |gadufifialodu 2 an Flashing Relay 16 nlougunsallm 26-Feb-00
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