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ABSTRACT 

The ·purpose 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 m 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 0 0ne lamp of expressway lighting is black out'. 

To reduce the first significant repairs, it is to eliminate the repairs that cause about 

80% to :LTTR 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 :LTTR of 'All lighting in one 

supply pillar is black out'. And methods to reduce :LTTR 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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I. 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 Authority of Thailand (ET A) 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, EMl, 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 sy~tem: 

(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 (EMl) maintenance. 

(5) To increase 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 the 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 
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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 

ET A 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 Viphavadee-Rangsit Highway at Dindaeng. 

1.4.2 The Second Stage Expressway System (SES) 

Second Stage Expressway System (SES) 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 conneeting route to the south of Bangkok at Banngklo. SES provides 

the service areas accordingly: 

Sector A is a 12.4 km.-length route from Ratchadapisek Road around 

Prachachuen to Rama IX Road. It was first operated on September 2°d, 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 B is a 9.4 krn.-length route the Rong Krongnam Samsaen to Bangklo. 

The sector is composed of the area of Sector B 1 and CD Road. Sector B 1 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 

3 
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formed in the central area of Bangkok. Consequently, the traffic congestion in the 

downtown around_ Sathorn Road·, Sil om Road, Surawong Road, and Hualumpphong has 

been alleviated. 

Sector Cl is 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 2nd, 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 [or 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 1st' 1990 to February 281
\ 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 
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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 betweenBECL and ETA 

I BECL I ETA 

----------------------------------.. ·--·······--···-·---------· .. ·---····-··-·--·-···-.. -------+-------.. ·------i-·-······-···-·······-
Urban Network (FES and SES for Sector A and B) j j 

. (A) First 9 years from the Priority Component opening! 60% I 40% 

date 

(B) Last 9 years ending 28th February 2020 40% 600/o 

(C) Period between the first-9-years and last-9-year 50% 500/o 

·-s~~rl;~--N~t;~·;:k·c-s£s·r~;·s~~1~~-·c:··~d-·Dy·········································r-··1-00%·-···r········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 ET A 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 ofBECL Engineering division. 
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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 repamng 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 m1mm1ze 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. 
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(3) To control the investment in replacement of spare parts, spare machines 

(standby machines or back machines) . 

(4) To perform the appropriate amount ofrepairs 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 1s the routine inspection and serv1cmg 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. 

9 
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Figure 2.1. Optimum of Repair Speed in Breakdown Maintenance (Gaither 1997). 
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Figure 2.2. Total Maintenance Cost as a Function of Breakdown Maintenance 
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(4) Provide a safe working environment for workers. Worn out machines in 

poor operating condition do not create safety env{ronment 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 maintenance is reduced. Conceptually, a maintenance manager seeks to find 

the optimal level of preventive while total maintenance costs are at minimal. 

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 concept. 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 



St. Gabriel's Library 

(5) Easily-to-manufacture product design .:: 

a 

1• 

( 4) Preventive engineering ~ 

~ 

.. I 

,, 
1 

~ 

Q) ~ 

0 Q) 

Q) § 0 ·-0 $::1 0 
$::1 $::1 Q) cd 

.!2 cd ...... I-< 
$::1 I::: 0.. ...... Q) ·ta :.0 "O 

$::1 "El e § 0 ·ta fL> 
0 ~ s g ~ $::1 

] "O 
0 

Q) e -~ 

§ 0 0 ...... I::: ;:3 0.. 0 
0 ..--< ...... "O 

°'" ~ ~ 
,,-.... ,,-.... 
N \0 
"-" ,,-.... '-._,/ 

M 
'-._,/ 

::.. 

I 
a 

r i 

I I 
i .. 

I 

I 
! I I I 

l I 

~--·_J ( 1) Elunmat1on of six big losses 

Figure 2.3. Six Major TPM Activities (Gotoh 1991). 

13 



Breakdown losses are caused by equipment defects, which require any kind of 

repair. These 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 or 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 piastic 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 department 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. 
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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 design, basic 

design, detailed design, procurement and fabrication installation, test runs, 

commissioning, and turnover. 

Moreover, a trade-off on conflicting equipment attributes regarding func!ion 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, quality, 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 
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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 regards. No aspect of TPM can ever be achieved without suitable education in the 

seven-step program of autonomous 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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(1) Initial cleaning 

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

thoroughly free from all kinds of contamination by: 

(a) Thoroughly cleaning equipment and its surroundings. 

(b) Remove any foreign substances and all unnecessary materials that 

negatively influence quality and equipment. 

( c) Detect and remedy any deteriorated and defective areas in equipment. 

( d) 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. 

(2) 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) 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. 

(b) 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. 
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Defective Taken by Op. in 
Date Countermeasures 

charge 
Sch'ddate Comp'd 

areas Prod. Maint. P.Eng 

(I) 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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( c) Report the experience to the plant engmeenng 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) Conduct education for lubricating. 

(b) Develop overall lubrication inspection. 

( c) Establish lubrication control system. 

( d) Set cleaning and lubricating standards. 

2.3.2 Second Phases: Extend 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) Conduct education and practice. 

(b) Develop overall inspection 

( c) Remedy difficult inspection areas in equipment to reduce required 

time. 

( d) 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. 

( c) 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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clear, easy to set, resists variation, and a change m 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 stand&rds prepared in the 

previous step, and then the standards will be applied on the shopfloor. 

(7) 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 lev_el 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 be 

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 production 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 decisions 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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(3) Checksheet: A data-gathering sheet is prepared that categorizes problems or 

defects. Checksheet information may be put. on a Pareto chart or, if a time 

analysis is included, may be used to investigate problem trends over time. 

(4) 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. 

(5) 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. 

(6) 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. 

(7) 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 
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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%-200/o 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%-200/o 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 many. Another plus for the Pareto chart is its 

elimination of receptivity, the tendency to overestimate the 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: 

(I) 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? 

(e) Should they come from a bin of nonconformity's that have 

accumulated in the specified time period? 
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(2) Be sure the period for all the categories is the same: Use the number of 

nonconformity per hour, per shift, or per week. 

(3) 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. 

(4) 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. 

(5) Arrange the table of data from the largest category to the smallest. 

(6) Set the scale and draw a Pareto chart. 

(7) Include all pertinent information on the chart. Are the categories clear? Has 

the time frame been specified? 

(8) Analyze the c..hart. The largest 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 in 

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 category. 

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 tool 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 
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back and forth in the process until the cause of the problems is found or until several 

good candidates for 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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III. RESEARCH METHODOLOGY 

3.1 Overview of Expressway Lighting System 

The expressway lighting system of the Second Stage Expressway System (SES), 

called EMl, 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, EMl 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 

EMI 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. 
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Figure 3. 1. Street Lighting. 
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Figure 3 .2. Street Lighting Near 
a Toll Plaza. 



Figure 3.3. Gantry Sign Lighting. 

Figure 3 4 Lnwr~2l:11cy Lighting at a Terminated Approach 



Figure 3.5. A Kilowatt-hour Meter. 
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Figure 3.7. A Supply Pillar in a Basket. 
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PROJECT: SECOND STAGE EXPRESSWAY SYSTEM, SECTOR D 

LOAD SCHEDULE 

SP 126-1 MOUNTING: BASKET 

Connected Load (A) Cable 
CCT. No. Description 

Protective 
Size 

R y B Device 
Type (sqmm.) 

IR STREET LIGHTING 13.64 - - 25 NYY 50 

lY STREET LIGHTING - 13.64 - 25 NYY 50 

lB 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 LIGIITING - - 20.45 32 NYY 50 

3R SP. LIGHTING & OUTLET 2 - - 10 THW 2.5 

3Y - - - - - - -
3B - - - - - - -" 

4R MONITORING 2 - - 10 THW 2.5 

4Y - - - - - - -
4B - - - - - - -

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 - - - 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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Figure 3 .12 . A Front Panel of a Supply Pillar. 

figure 3 13 .. \ Plh>i•) Sensor dl a Supply Pillar 



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 light 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 daylight 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 

Step I: 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 EMl, 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 respo_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 shows 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 A 1 of Appendix A From the data, the summation of the 

EMl repair request is shown in Table 3.2. 

Table 3.2. Summation ofEMl 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 is 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 317, Pareto diagram shows the number of repair 

request and the cumulative percentage, shown that the summation of five request groups 
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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 2nd, 1999 and E&M fixed it on October J1h, 1999. TTR is 5 days, 

approximately. Or the request that is on 17.30 of October 2nd, 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 ofEMl TTR from June 1999 till February 2000. 

Request Description .L:TTR 
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 .L: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 l::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 EMI 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. i) 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 l::TTR of each 

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

Table 3.5. The Vital EMI Repairs. 

Request Description Impact*l::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 
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Table 3.5. The Vital EMl Repairs. (Continued) 

Request Description 
-. lnipact*LTTR 

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 (EMl). The first two repair groups in Figure 3.19 

which are: 

(1) All lighting 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 

51 



S
um

m
at

io
n 

o
f T

T
R

 *
S

ev
er

it
y 

Im
pa

ct
 

.....
. 

N
 

N
 

(;
.)

 
(;

.)
 

.... 
C.J

1 
0 

C.J
1 

0 
C.J

1 
0 

C.J
1 

0 
0 

0 
0 

0 
0 

0 
0 

0 
..,, 

0 
0 

0 
0 

0 
0 

0 
0 

0 
(fG

' 
:::::

: 
Al

l l
ig

ht
in

g 
of

 o
ne

 s
up

pl
y 

pi
lla

r 
is

 b
la

ck
 

..., ('V
 w
 

ou
t. 

.....
.. 

l.O
 

O
ne

 la
m

p 
of

 s
tre

et
 li

gh
tin

g 
is

 b
la

ck
 o

ut
. 

en
 

~
 

>-3
 

. 
=:

"' 
O

ne
 c

irc
ui

t o
f o

ne
 s

up
pl

y 
pi

lla
r 

is
 b

la
ck

 
C

) 
('

V
 

"t1
 

z 
ou

t. 
§

. 
c 

.., 
3 

"'1
 

~
 

~
 

0
-

Tu
e 

La
nt

er
n 

an
d 

po
le

 is
 d

am
ag

ed
. 

(!
) 

~
 

0 
., 

oi
 

Q
, 

~
 

V
i 

C
ll

 
tv

 
"'1

 
::0

 
Tw

o 
la

m
ps

 o
f e

m
er

ge
nc

y 
lig

ht
 a

t 
~
 

.....
.. 

(!
) 

te
rm

in
at

ed
 a

pp
ro

ac
h 

is
 b

la
ck

 o
ut

. 
=:

"' 
'"O

 
('

V
 

ID
 

0
-

~
 

:::;
· 

~
 

::0
 

Al
l 

la
m

ps
 o

f e
m

er
ge

nc
y 

llg
ht

 a
t 

;..
> 

.....
.. 

(!
) 

te
rm

in
at

ed
 a

pp
ro

ac
h 

is
 b

la
ck

 o
ut

. 
..?

 
a 

..a
 c 

~
 

(!
) 

.g
 

~
 

D
ra

w
 p

it 
co

ve
r 

Is 
da

m
ag

ed
. 

e;.
 

"'1
 Q
 

O
ne

 la
m

p 
of

 e
m

er
ge

nc
y 

lig
ht

 a
t 

0 
te

rm
in

at
ed

 a
pp

ro
ac

h 
is

 b
la

ck
 o

ut
. 

c "C
l 

0 
O

th
er

s 
~
 

tT
l ~
 

0 
--

"
 

N
 

(;
.)

 
.... 

C.J
1 

(J
) 

""-
..J 

co
 

<D
 

.....
.. 

'Cf
-

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

'Cf
-

'Cf
-

'Cf
-

~
 

~
 

'Cf
-

~
 

~
 

'Cf
-

0 'Cf
-

C
um

ul
at

iv
e 

P
er

ce
nt

ag
e 



70 100% 

90% 

60 

80% 

50 
70% 

60% Q) 

c::: Cl 
40 ro 

I- c I- Q) 

0 () 
1-

c Q) 

0 50% 0. 

:g Q) 
> 

E ~ E 
30 

:J 
:J E (/) 

:J 
40% () 

20 
30% 

20% 

10 

10% 

0 0% 
Q) ~ 

..__ 
ill [:". 

OJ ::::J 0 

Jg t'. 
CJ) ~ Q) 
c .c 

0 0 Q) 0 0 CJ) LL 
> 
.c e 0 

OJ c 0 
E 0 .c 

0 0... 
0 
0 c 
I- 0 

.c 
0 

·.:::: 
t5 
..9! 
Q) 

0 
z 

Causes 

Figure 3 .20 Causes of 'All Lighting of One Supply Pillar Is Black Out' 

53 



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 ~TTR 
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 diagram 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 MBA 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 

trans~ormers 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 

250 V, the specification of coil in the magnetic contactor is 250 V. 

(2) 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 switch 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. 

(3) 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 
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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 EMl 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 

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 li~e 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 department 

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 illumination 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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St. Gabriel's Iibrarv . 

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 allows 

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 project. 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 EMl team, which is the 

maintenance team of the expressway lighting, brainstormed for the root causes as shown 

in Figure 4 .1 (the cause and effect diagram of' All 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 EMl 

team. Although EMl team is the maintenance team, they also have the responsibility 

because the system works autonomously. 
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• v "' 'i::1J1J'i1l'IA1lJ'UlJYl 2 

E&M MAINTENANCE DEPT. 

SUPPLY PILLAR No ..•.•.........•••••. 1J~!1W ••••••••••••••••••••••••••••••••• 

u1 1 -ifom1hd11~uu 
[ ] 9l'i1'01Hl1Jfflll'YH11V'Wllfl~ SUPPLY 

[ ] Vllf11llJff:Ol'11J5!1UllllV'Wllfl~ SUPPLY 

[ l Vllf11llJff~01'11J1nrumv1'W~ SUPPLY 

[ ] 9l'i1'0ffll1Jfflll'YU!il~fll'iVll-ll'W'llM PHOTO SWITCH CONRTOL 

[ ] 9l'i1'0ffll1Jrf1'W POWER SUPPLY 

[ l 1'1u ;-i'1um: u rrullia: 1ti rr 

• 1tirr - R U'i-l'1'W = VOLT, fl'i:llft' 

• 1vJrr - Y U'i-l'1'W = VOLT, fl'i~llff 

• 1tirr - B U'1'3'1'W = VOLT, fl'i:Uff . 
[ ] 9l'i1'ilff01JffllWHl11:fll'i'lll-ll'W'llO-lQi.Jfl'itUllltJl'W~ SUPPLY if-ll1lJ'1 

[ J 9l'i1'ilrrourrm'Ylu11~~'1~omumu1mt-i11lJ'1 . 
[ ] '1'i1'0ffll1Jfflll'Yl MAGNATIC if.:Il1lJ'1 

[ ] \l111'0ff01Jfflll'Yl LOAD BREAK FUSE . 
[ ] 9l'i1'0tY01Jfflll'YlU11:fll'i'lll.:Il'W'llll" RELAY if.:il1lJ'1 . 
[ l 9l'i1'0ff01Jfflll'Yl FUSE ua: BOX FUSE POWER Yi.:Il1lJ'1 

[ ] 'll'Wl'1 MAGNATIC ~OQl'W~ SUPPLY 

[ ] 'll'W1'1 BEARKER 1'W~ SUPPLY 

1vJrr JR A - fl'i~llff II 

2R 

3R 

JY 

2Y 

3Y 

lB 

2B 

3B 

A 

A 

A 

A 

A 

A 

A 

A 

12 

I3 

fl'i:Uff Il 

I2 

I3 

fl'i~llff I 1 

I2 

I3 

= 

= 

= 

jRes. Che 11 

SECTOR ....•••.....•••.• 

v .. 
1lJYl ••••••• J ......... .I ........ . 

AMP. 

AMP. 

AMP. 

A 

A 

A 

A 

A 

A 

A 

A 

A 

[ l \l1'i1'0ff01Jft1'W CONTROL SUPPLY [ l itu "l ............. .................... 

[ l 

uu fin 

[ l Vllf11llJff~01'1111tJ1'W~ Na fl l'l'l'l '1 rro um;Vi1 .:i1'W . , 
[ J \l1'i1'0rrourr11rn~'191'.:iii1.lmru [ l AUTO 

[ l \l1 'i1'0 rro um ;Vi1.:11'W CONTROLER fflll'YlVll.:Il'W [ l MANUAL 

\ll'i1'0ff01J'i~ 1J1J JOHNSON 

] AUTO N'1fll'i1'1'1ft'll1J . 

] NANUAL N11fll'i1'1'1ff01J .............. .. 

l 5'W "l . 

ff 111U1 ff1'W/'itl.:I N'O O./N'Ofl. 

Figure 4.2. A Supply Pillar PM Check Sheet. 
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After reducing the TTR in the significant repalfs, we should implement Total 

Productive Maintenance (TPM) in the organization. In the Expressway Lighting_ 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 initial cleaning and Preventive Maintenance is the activity that Eml 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 is 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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EMl REP AIR REQUESTS DETAILS 
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St. Gabriel's Iibrarv 

Table A 1. Repair Request Details during June 1999 and February 2000. 

Order Date Job Cause Operation finish Date 

l-Jun-99 I ~mtvlitM1'1'-J11if1J 1rn1P10 lfJfl n1'linw 11l~uw1rno1P1 31-May-99 

l-Jun-99 11P1'Nlvl!l11'111'-lnif1J 11lJIPIB1Qfll'.it'linw 11J~tJ1.!11nB\Pl 31-May-99 

l-Jun-99 'lvl!!1'1'11'1'-.lNifmlluri'wKu :W1if'llrn 11l~rrn:W1rrlmJ 2-Jun-99 

l-Jun-99 I 1P1111vl!l1'1'11'1'-ll1if1J 1ilJ\P!BlQfll'.il~11'\..I nJ~Ul111ClB\Pl 2-Jun-99 

l-Jun-99 I 1P1111vl!l1'1'11'1'-ll1if1J 1ilJ\P!BlQfll'.i!'li1m t'll~ommo\Pl 2-Jun-99 

l-Jun-99 1 1P111 ivl1t1'1'11'1'-l11if1J 11lJ\P!BlQfll'.i!'li1m t'll~vmrnBIPI 2-Jun-99 

l-Jun-99 I \Pl11 lvl!!1'1'11'1'-l11if1J 11lJ\P!BlQfll'.il~11'\..I nJ~vmrnBIPI 2-Jun-99 

l-Jun-99 I \Pl11lvl!l1'1'11'1'-ll1if1J mrnBlfJnn1'111m 11J~umrna1P1 2-Jun-99 

1-J un-99 11P1111vlu1'1'111'-lnif11 11lJ\P!BlfJfll'.il~11'\..I 1'\J~omrno1P1 2-Jun-99 

l-Jun-99 11P1111vltt1'1'11'1'-l11if1J 1ilJ\P!BlQfl1'.il'li1m t1J~umrna1P1 2-J un-99 

l-Jun-99 I 1P1111vlttm1'i'-J11if1J mmmQnn1'linw 1'\J~omrna1P1 2-Jun-99 

l-Jun-99 I \Pl11lvl!t1'1'11'1'-l11i1J 1ilJ\P!BlQfll'.i!'li1m t'll~t1mrna1P1 2-Jun-99 

l-Jun-99 I 1P1111vltt1'1'11'1'-l11if1J mJIP!BifJnn1'111m 1'\J~vmrna1P1 2-Jun-99 

2-Jun-99 I 1P111Jvltt1'1'11'1'-Jnif1J Control Gear lft(J t'll~vuq'!Jmru1mJ 3-Jun-99 

2-Jun-99 I 1P111Jvl!!1'1'11'1'-J11if1J mJIP!BiQnnW1m t'll~umrnalPI 3-Jun-99 

udull1P1'lio11~'\..11'1'lll1vl (Draw pit) 
qli~l111lJ ~1P1.f'11mJ 2-Jun-99 3-Jun-99 

cover) lfttn1lll 

2-Jun-99 11P1111vltt1'1'1f1'-l11if1J mmmQnn1'111m t'!J~tJminB\Pl 3-Jun-99 

2-Jun-99 11P1111vl!t1'1'11'1'-l11if1J 11lJ\P!BlQfll'.il~1l'\..I t'!J~fJ'\..111ClB\Pl 3-Jun-99 

2-Jun-99 I \Pl11lvl!l1'1'11'1'-l11if1J 11lJ\P!BlQfll'.il'li1m 1'\J~am1M1P1 3-Jun-99 

2-Jun-99 1 1P111'lvlum11'-l11if1J 1ilJ\P!BlQfll'.il'li1m 1'\J~umrnBIPI 3-Jun-99 

2-Jun-99 I \P\11 ']vJ!!f1'11'1'-l11if1J 11lJIP!lllQfll'.il'li1 m t1J~fJl111nB\Pl 3-Jun-99 

2-fon-99 I 1P111'h~!!1'1'11'1'-J11if1J 11lJIP!BiQnn1'111m 1'\J~vmrnBIPI 3-Jun-99 

2-Jun-99 1 1P1111vlumfl'-l 11if1J mmmqnn!'linw 11J~omrno1P1 3-Jun-99 

2-Jun-99 I \Pl11lvl!t1'1'11'i'-J11if1J 11lJ\P!BlQfll'.il'li1m t'!J~tJ'\..111nB\Pl 3-Jun-99 

!!Hull1P1'lierniilumv'1vl (Draw pit 
Q1J~l111lJ t1J~rmq'!Jrmu1mJ 6-Jun-99 6-.lun-99 

cover) lftU11 HJ 

6-Jun-99 "lvl1jmu1rfin11'\Jmif1J 1 1P111 mmmqnn1'111m l1i'~U'\..111nB\Pl 6-Jun-99 

m~11lJ1P19itH!~'\..11'i'ltJ"[yj (Draw pit 
fl1J~ll1\l) 11l~rmq1Jmru1mJ 6-Jun-99 9-.lun-99 

ccwcr) !ftll11 HJ 

7-Jun-99 'h~iJmn11\inn'llmif'll 4 1'111 iii1P1i1'bj~ iili;.1i11mi 7-Jun-99 

7-Jun-99 I ff:i1"l1~!l1'111'1-.l11i\1J \Wl'ID ltJfl n!'li1 rn 11l'~riu1rno1P1 8-J un-99 

7-.lun-99 1 m1l1~!JM1'1'-l11if1J Control Gear lftU .11 l'~tlll rJ1Jnrnl!m! 8-Jun-99 

7-Jun-<l9 1 l'l'.H lrJ11M 1'1-J 11if1J 1rnm·11qn nH1 rn 1.1i:~Ull \1inl\Pl 8-J rm-9') 

<J-J un-<J<l '!duCTrn-:i i1if11~rni'11~11 rhmrr1rni'i"1119l \"()ffj;J 9-J uu-~l<) 

9-.1 un-~)~) 'lrh1m1'f-i MA'111Wnn1P1iw1 :Yhrr1110 I iii; ll \ i 1)1lfl1flll \1lJ 10-.Jun-'ll) 
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Table A. L Repair Request Details during June 1999 and February 2000. (Continued) 

Order Date Job Cause Operation FinishDate 

09-Jun-99 '!Yl1tff '1rf) i 'lriti~i'lrn~'tl,f~,'Jrn Fuse Box 'Im! 11l~rrn-q'llmru1mj 10-Jun-99 

09-Jun-99 iW!lff'lf'l":iH~'U~Ul-)ll~ll :Y:bmn¥t 1 'll~ rm:Y:b n:i mJ 10-Jun-99 

09-Jun-99 1'1'111mff-:iH~'U~Ul-)ll~ll Vl'Jff'IJ 1¥1 1 'll~ o uVl -;i n:1 mj 10-Jun-99 

09-Jun-99 I YIJ'liWl!fHrdH~'ll 1111¥1mqm-:;H~rn 1'll~omnrn¥1 JO-Jun-99 

09-Jun-99 1 ¥1J~1vlurr~ff-:iH~'U l1lJYttllfJfll :;'l ~ ~ lll 1'1.l~Ollli!'ltlYI 10-Jun-99 

09-Jun-99 1 YIJ~ 1-Wumrr-:iH~'ll l1lJ¥ttllQfmH'~rn t1J~Olll1!'ltl¥! 10-Jun-99 

09-Jun-99 1 YIJ~ il'lun~rr-:iH~'ll l1 lJYttllfJfll'.i ii'~ lll t'll~Olll1!'ltl¥1 10-Jun-99 

12-Jun-99 1W\lflliill~tlH'llm~'U 4 ¥!')~ Transformer lfYO nJ~ou-q'llmru1mj 12-Jun-99 

16-Jun-99 1-Wun ~ rrfo~'tlJi'm-3'uJi'u ftY!')~'iJ'i 1i'lurr101mJ 16-Jun-99 

16-Jun-99 i'l'l\lrniiu~ti'H'llm~'ll 2 ¥t'J~ Flashing Relay !IYO 11l~ou-q'llmru1m.i 16-Jun-99 

16-Jun-99 1Yl-ijrniiu~fiH'lla1~'tl 1 ¥t'H l1lJ¥tmQfl n H~ rn 1'll~Olll1!'ltl¥1 16-Jun-99 

16-Jun-99 1-Wun~rr-:iNriu~ihu~'ll 1 in~ mJ¥ttllfJf1l'i1i'~m 1'1.l~UUl1!'ltl¥! 16-Jun-99 

16-Jun-99 1 ¥tJ~1Yl11mrr-:iH~'ll l1lJ~mqf1nW~rn 1'1.l~Ull l1!'ltl¥! l 7-Jun-99 

16-Jun-99 1 ~-;i~il'lumrr-:imfo l1lJ¥ttlll'Jfll'.11i'~m 1'll~ou11au~ l 7-Jun-99 

16-Jun-99 l YIJ ~ 1-WumrriH~'ll mmmqf1n1i'~m 1'1.l~U'U l1!'ltl¥1 17-Jun-99 

16-Jun-99 il'lum rr-:i H riu~i'l1u~'U,f ~;'lrn ftY!')~'iJ) 1i'lumohnJ - 23-Jun-99 

!9-Jun-99 il'l11mrrfo~mfo1!uJi'u vbn:'lllYI 1'll~uuvbn:1 mJ 19-Jun-99 

19-Jun-99 1 YIJ~il'lumrr-:iH~'ll lilJY!tllfJfll'.i w~ m I ,j~ Oll l1!'ltl¥1 19-Jun-99 

19-Jun-99 1-W\lrniiu~ti'mJm~'ll l YIJ~ l1lJ¥ttllQf1l'ili'~m t'll~tlllli!'ltl~ 19-Jun-99 

19-Jun-99 il'lun ~rrforiu~i'l rn~ mf~1'110 ~Yli~hi~ 1~umo1mJ 19-Jun-99 

20-Jun-99 iW\lflliill~flH'llftl~'U l Yl'H 11lJ¥1mqm1H~m 1'll~Oll l1!'ltl~ 20-Jun-99 

20-Jun-99 1 ¥t-;i~1Ylun~rriH~'ll 11lJ¥ttllfJfl l'i W nu 1'1.l~U'U l1!'ltl¥1 20-Jun-99 

20-Jun-99 1Ylumrr-:iH~mi'u1-3'uJi'u Vl-;in:'IJlY! 1'1.l~ou:Y:bn:im.i 20-Jun-99 

20-Jun-99 1vl1m ~rr-;i i ~ riu~i'l1u~'U,f ~ihu ~Yli'~hi~ i ¥1 U~f 'Ul lilJl 20-Jun-99 

11fiuil¥11iti~1i'lurrrnil'l (Draw pit 
fl1Wlll11'.l 1'1.l~omi'llmruhnJ 20-Jun-99 21-Jun-99 

cover) lfffll11U 

22-Jun-99 1 YIJ~ivJuft'~ft'-jH~'U Control Gear !fYU 11J~Ullfl 'l.lmru1 mJ 23-Jun-99 

22-Jun-99 1Yluff;iff-:i1~riu~i'l10~1J 1 YIJ~ 1rn¥1tilQfll'.iH'nu 11J~ou 11ati¥1 23-Jun-99 

22-Jun-99 1Ylun~nimitl~i'l1u~'U 1 YIJ~ mmmqf1nhi'~m nl~uu 11ati¥1 23-Jun-99 

22-Jun-99 'lvlt!ff'1ff-:inriu~i'lw~'ll I YIJ~ mrnti 1qm1 H~rn nl~mrnati¥t 23-Jun-99 

22-Jun-99 I ¥tJ'1ivlurr'1rr-:iH~'U mJl'ltl lfJfll'ihi'nu 11J~trUl1!'ltll'I 23-Jun-99 

22-Jun-99 I 1'!')'1 iWHff ;Jff') 1'1~1J mmtllfJf1l'i1-«nu nl~mt l1'i'lfl¥1 23-Jun-99 

22-Jun-99 1 l'IJ'1lrh1mn'in~11 m11>1n 1r,if1n'li'~rn nl~rru 11!'lfll'I 23-Jun-99 

22-Jun-99 J 1'11'11'l'litfl'rn'il'1~1J 1llJl'lrllfJfll '.i Hi~ lll 11l~ot!l111fll'I 23-Jun-99 

22-Jun-99 I A~Hlrlufl''lfl'iH~'U lmmi 1r,if1n H'l m 11J~nl!11nDl'I 23-Jun-99 

22-Jun-99 1 111~111!1n''lfl'-:i 1~~11 mmti ltJfll'.11'li'1m 11l~t1trnntll'I 23-Jun-99 
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Table A. I. Repair Request Details during June 1999 and February 2000. (Continued) 

Order Date Job Cause Operation FinishDate 

22-Jun-99 1 V'l1~ 'lthlff'1fflHii''IJ 11:1JV'lftll'Jfll'l1i'~m 11J~uumHJl'I 23-Jun-99 

22-Jun-99 1 1n~ i'l'l11rr~rrinii''IJ '111JIUllf,/fll'lii'~m 11.l~uumrnl'I 23-Jun-99 

22-Jun-99 l l11'11'1'1umrri1~~'1J 11lJ11t11fJfl nii'~ iu IU~Ulll1Tifll1 23-Jun-99 

22-Jun-99 1 111~ i'l'lurr~rr1Hii'IJ 11JJ11t11Qfmii'~m IU~Ulll1Tifll1 23-Jun-99 

22-Jun-99 l 111~1'1'111rr~rrinii''IJ 11lJ11t1lfJfll'l ii' nu IU~Ulll1Tifll'I 23-Jun-99 

22-Jun-99 1 111~ i'l'l11rr~rr11~ii'IJ 11lJl1fllfJfll'l ii''1m IU~Ulll1Tifll'I 23-Jun-99 

22-Jun-99 1 111 ~ i'l'lmHl11 Hii' 'IJ 11lJ11t1lfJfll'l1i'~m IU~Ulll1Tifll'I 23-Jun-99 

22-Jun-99 l 111~i'l'l11rr~rr1Hii'IJ '11lJl1fllfJfll'l w~m IU~Ull '11Tifll'I 23-Jun-99 

22-Jun-99 l 111~i'l'lurr~niHii''IJ 11JJ 11m fJfl n ii'~ m IU~Ulll1Tifll'I 23-Jun-99 

22-Jun-99 l 111~1rl1m~rr11~~'1J 11JJ11t11Qnu 'l'lf'~m IU~Ulll1Tifll'I 23-Jun-99 

14-Jul-99 1'1'1~rniiu~fiHum~'IJ 2 Y11~ 9l'l1v'1'i'IJ11iu1nu iu~fl~~llllllf1Uil1"] 14-Jul-99 

14-Jul-99 l 111~1'1'1urr~rriH~'IJ l1lJl1t1lQfll'l1i'~m IU~Ull '11Tifll'I 14-Jul-99 

l 7-Jul-99 'IYl~rniiu~fl'Hum~'IJ 2 Y11~ Flashing Relay lffU 11.l~umiumwim.i 17-Jul-99 

l 7-Jul-99 1'1'1un ~rr11~ii'IJ~urfo~u Circuit Breaker if111~n l'it11~'il'l 18-Jul-99 

i'l'l~rniiu~fl'Humii''IJ 1 Y11~ 
_, 

~11i~imi 18-Jul-99 1jl11'it111mll/U9lfl 18-Jul-99 

20-Jul-99- i'l'lurr~rr1Hii''Uli'ITifll'll!U1 Til11~'il'l 1~uniu'l11u 20-Jul-99 

ur-iu1J11'1it1~1~umu1'1'1 (Draw pit . 
20-Jul-99 Qlm!lli'j ~111himj 04-Aug-99 

cover) 1ifo111u 

21-Jul-99 i'l'l~mliu~fl'Hum~'IJ 11'11~ iril1Tifll1 '11TI1lJ ~11i~111u 21-Jul-99 

21-Jul-99 i'l'l~rniiu~ti'1~um~'IJ 4 li'!1~ Til11~'il'l 1~umui11u 21-Jul-99 

24-Jul-99 1'1'111mrrirni'Uli'!rit111um rbn'1J111 1u~uul'hni11u 24-Jul-99 

24-Jul-99 1'1'1urr~rr1Hil'IJ~u11'u9"u 9111~~,"~ w11~~111u 24-Jul-99 

1mM~mn~rr1H 1flJJi'l'I im:::fm 
qlliim91 1u~uuq'llma'ii11u 24-Jul-99 24-Jul-99 

'llmnumu 

24-Jul-99 1m M~h11rr~rrirnrn::: 1tmit11nu11rn Qlm1'11i'j 1 u~trn q 'llm a'ii 11u 24-Jul-99 

24-Jul-99 im Mrh11n~rrirnrn:: 1flJJit11nu111u Qlmll19j 1'll~uuq'llmwi11u 16-Sep-99 

• 11J~ouQ'llmwim.i 26-Jul-99 jyj~ fl! ii U!ff Ul1 lfJiJ ~ '11lJl'I q'lfflmi'j 26-Jul-99 

11r-iu1J11'1it1~1~urr1ui'l'I (Draw pit 
Qlm1'11i'j 'l:i.i~tn~11iimmi111 31-Jul-99 IO-Aug-99 

cover) 1nrm w 

11r-iu1J11'1itrn~urr1uit1 (Draw pit 
Q1Wll'l1i'j ~11i~111u 02-Aug-99 03-Aug-99 

cover) !fffll1 lU 

11r-iu1J11'1it1~1~urrwi'l'I (Draw pit 
tiili!im~ ~"'~~111u 02-Aug-99 04-Aug-99 

cover) 1n1m10 

03-Aug-99 1Yl111Hl'fi1~ii'rn~'m1'u~u Yl16'u111 nl~uul'hn111u 03-Aug-99 

04-Aug-99 i-w!l11'H'l'J M~1J~llli'll~ll li'ln'il'1'i1d1i:U1nu ii!i'i'tJ ~~ i1iium11111 04-Aug-99 

04-Aug-99 tl'l1jrnllwrYu111mf~11lJ11 Q1lli'l!l1i'j 11l~uu ti11mw111u 15-Sep-99 

07-Aug-99 'hi;;irnilu~nmlm~'IJ 2111~ Flashing Relay !ITU 11 l~outi1lmti'ihn.i 07-Aug-99 
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Table A. 1. Repair Request Details during June 1999 and February 2000. (Continued) 

Order Date Job Cause Operation Finish Date 

07-Aug-99 hl"qflt~u~fim.JC11~'U 2 Y111 Flashing Relay lffU 11J~uuqi.Jmruhn.i 07-Aug-99 

07-Aug-99 1l°l1tn'Hf:iHfftHiJlU~'U l ~m 1111\'ltllfJfll '.i H 1 iu 1i.J~uumrnY1 07-Aug-99 

09-Aug-99 1l°l'ilfll~ll~flHi.Jm~'U l 1'11~ 11lll'ltllf,/fm1i'1rn 11J~uu 11ntll'I 09-Aug-99 

09-Aug-99 l 1'1111l°lun'1n'-:iH~'U 1111Y161fJfmH~rn 11J~Ulll1ntll'I 08-Sep-99 

09-Aug-99 l 1'1111l°lun'~n'1H~'U m1Y1tllfJfmW~rn nl~uu11ntll'I 14-Sep-99 

JO-Aug-99 il'l11n'~n'1H~'ll9"ud'u~u Magnetic Contactor !NU 1i.J~uuqi.Jmru1 mi l l-Aug-99 

ll-Aug-99 hlun'~rr-:iH~AflH Photo switch lffU 1i.J~uuqi.Jmru1mi l l-Aug-99 

ll-Aug-99 1 l't1~1'rlurr~rr1H~'U lllJY'ltllfJfll'l 'li'~rn ti.J~Ullllntll'I 07-Sep-99 

l l-Aug-99 l 1'11~ 1l°lun'~r11H~'U 1111\'lt"Jlf,/tm'li'~rn 1i.J~Ull l1ntll'I 07-Sep-99 

13-Aug-99 I 1'11~hlun'~n'-jH~'U 11lll'ltllf,/fll'l 'li' ~lll ti.J~Ullllntll'I 07-Sep-99 

13-Aug-99 l 1'11~1flmHn'1H~'U 11111'16ifJfl1'l H 1 i u 1i.J~Ulll1ntll'I 07-Sep-99 

13-Aug-99 1 Y111hl11r11n'-:iH~'U lllJl'ltllf,/fl n w~ rn I i.J~Ull 11 ntll'I 08-Sep-99 

13-Aug-99 l 1'11~ 1l°l11n'~n'-jH~'U 11lJY'ltllfJf11'l 1.ff~rn 1i.J~Ulll1ntll'I 09-Sep-99 

13-Aug-99 1 1'11~ 1wun'~n'1H~'U 1111Y1tllfJfll'lH~rn 1i.J~uumrnY1 13-Sep-99 

13-Aug-99 1 Y11~ hlmHrr1H~'U 1111Y1tllfJf1nH~rn 1i.J~Ulll1ntll'I 14-Sep-99 

14-Aug-99 1 Y11~1l'lurr~rr1H~'U 1111\'ltllfJfll'l H ~ rn ti.J~Ulllll'ltll'I 07-Sep-99 

17-Aug-99 1 Y11~1Ylumn'1H~'U tpmmY'l 1i.J~Ulll1Cltll'I Ol-Sep-99 

17-Aug-99 l l't1~hl11rr~rr-:irnfo lllJY!tllf,/fll'l 1~~1'1.l 1i.J~Oll l1fttll'I 07-Sep-99 

17-Aug-99 l Yl1~ll°ll!n'~n'-jH~'U 1111Y1tllfJflnH~rn ! i.J~~ll llntlA 07-Sep-99 

19-Aug-99 l Y1111l°l11n'1n'-:iH~'U 11lll'ltllfJf1l'.iH'nu 1i.J~Olll1Cltll'I 07-Sep-99 

21-Aug-99 !n'l 'q flt u mifo Qml!l!Y'j 1i.J~ouqi.Jmru1 mi 31-Aug-99 

21-Aug-99 l Y1111l'lurr~n'1H~'U lllJY!tllf,/fll'.i 1~11'1.l I i.J~Oll llntll'I 07-Sep-99 

21-Aug-99 1 1'111 iw11n'1n'-:iH~'U lllJY'ltllfJfll'l w~rn 1i.J~Olll1Cltll'I 07-Sep-99 

11r-lu1JY1'1itl1tiitlln'1U1'YI (Draw pit 
qlli\111~ 1i.J~o11qi.Jmtli'lmi 21-Aug-99 15-Sep-99 

cover) 1ffumo 

29-Aug-99 1l°lllfltUll~nHi.lciufo 41'11~ Flashing Relay !ffO 1i.J~ouqi.Jmtli1mi 01-Sep-99 . 
1i.J~ouqi.lmtu1mj 29-Aug-99 1l°l"q flt~ ll!ffO 11Wii ~ 11111'1 qllilmY') 19-Sep-99 . 
1i.J~ouqi.Jmtli1mi 29-Aug-99 il°l'qflt~ ll!ff0'111Ui! 111lJA qi'WirnY'l 19-Sep-99 

3!-Aug-99 1l'lun'~n'1Hrit"J~ilw~'U l Y11~ lml'ltllfJm1H~rn nl~ o mrn tll'I 06-Sep-99 

1l'lurr1n-:i rnhi~ud'u~u 
11UlfflJNn"IJtl~ Magnetic 

"1Bvi1n1u1 Contact 03-Scp-99 04-Sep-99 
conlaclor 'lil~A 

04-Sep-99 1 •n11rlurr1n'1H~'IJ mJAfllfJfl nH1rn 11J~uu11n1'll'I 06-Sep-99 

04-Sep-99 l •'m1l'l11111rr1H~'U mJl'll'llQfll11i'1rn 11J~lnll1Cl1'll'I 07-Sep-99 

04-Sep-99 I 1'111tflH!11n'iH~'U mJl'lfllfJfl r>"1'li"1 rn 11l~rrn11ntJYI 07-Scp-99 

04-S.:p-99 1 >111lrh1111n-:i11~11 mJl'ltJ lQfll'.i 1i'1rn 11J~UU11i'ltJYI 07-Sep-99 

04-&p-99 t "',~'1Yl11ri~rri1~A''l.J m1Y'!u ll'Jfll'il1i~ ru nl~mnmtil'I 07-Sep-99 
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St. Gabriel's Library 

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

Order Date Job Cause Operation FinishDate 

04-Sep-99 1 •n~ivlucnrr-;imfo 11lJ>HJ 1 Qfll '.iii~ lll nl~ u u m11:w1 07-Sep-99 

04-Sep-99 1 ~n~1vl11rr~rdmfo 111JMtl lfJfll'i 1i'~lll 11i~Ull11l'lfiM 08-Sep-99 

04-Sep-99 1 M•~1l'lun~rr-;imfo 111JM1:ll1Jf11'.i'li'~m 1iJ~Ull11l'll:lM 14-Sep-99 

06-Sep-99 hl11rr~rr-;iHrll:l~1lwM'11 1 M'H 111JM1:lll,/fll'.i 1i'~lll 1'll~uumrnM 07-Sep-99 

06-Sep-99 1 M'H 1vlurr ~rr-1HM1J 1111Ml:ll1Jf11'.iw~m 1iJ~Ull11l'll:lM 07-Sep-99 

06-Sep-99 1 M'J~1vlmHrr-1HM1J 111JM11Jfll'.iii'~m 1iJ~Ull11l'll:lM 07-Sep-99 

06-Sep-99 1 M'Hivl11rr~rr-1mi11 111JM1:l llJfll'i 1i'~lll 1iJ~Ull11l'll:lM 07-Sep-99 

06-Sep-99 1 M'H1vlurr~rr-1mfo 1ui'Mtllll 1'll~uu11ftl:lM11l'l~'llmru 08-Sep-99 

07-Sep-99 1vl11rr ~rr-;i HM'11~udu~ u Circuit Breaker 9'i'M'Hll'.i wl:l•~111 08-Sep-99 

07-Sep-99 1 M'H hlurr ~rr-1mi11 111JMl:lllJf111lVrnJ 1'll~uu11ftl:lM1m~'llmru 08-Sep-99 

07-Sep-99 1 M'H,vl11rr~rr-;iHM1J 111JM1:ll1Jflll1i'~m 1iJ~Ull11l'll:lM 08-Sep-99 

07-Sep-99 1 M'H1vl11rr~rr1HM1J 111JM11Jf1111'*~lll 1iJ~Ull11l'll:lM 08-Sep-99 

07-Sep-99 1 M'H iv111rr ~rr-1 NM'11 111JM1:ll1Jf1151.Y~m 1iJ~Ull11l'll:lM 08-Sep-99 

07-Sep-99 1 M'H hlurr ~rr1HM1J 111JMl:llfJfll'.i 1i'~m 1iJ~Ull11l'll:lM 08-Sep-99 

07-Sep-99 1 M'H1vlurr~rr1mfo 111JMl:lllJf1111irnJ 1iJ~Ull11l'l1:lM 08-Sep-99 

08-Sep-99 hhm~rr-1Hril:l~1110M'11 1 M'H 111JM1:ll1Jf11'.i w~m 1iJ~Ull11l'll:lM 08-Sep-99 

08-Sep-99 1 M'H1vlurr~rr1mfo Control Gear lffU 1'll~uu~'llmru1111i 09-Sep-99 

08-Sep-99 1vlurr~rr1HM'11wm1'u9lu Yl'ltY'lllM 1'll~uuY11n111u 09-Sep-99 

08-Sep-99 1 M1~1vlurr~rr-:iHM1J 1111Ml:ll1Jflllii'nu 1iJ~Ull11l'l1:li'I 09-Sep-99 

08-Sep-99 1vlurr~rr-1Hrim1l1~11 1 M'l~ 111JM1:ll1Jfll'i 1.Y~lll 1iJ~Ull11l'll:lM 09-Sep-99 

08-Sep-99 1vlurr~rr1Hrim111mill 1 M'l~ 111JM1:ll1Jf1111.y'~ lll I ,j~ Ull 11l'll:lM 09-Sep-99 

08-Sep-99 1 M'J~ 1-rlurr ~rr-;iHMlJ 1111Mm1Jfll'.i H~m 1iJ~Ull11l'll:lM 09-Sep-99 

08-Sep-99 1 M1~1vlurr~rr1H~1l 111JM1:l1Qf1111i'~m 1iJ~Ulll1l'll:lM 14-Sep-99 

12-Sep-99 1vl11rr~rr1HM1J¥ll'll:lMllm Magnetic Contactor 1& 1'll~uu~'llmru111u 12-Sep-99 

12-Sep-99 1 M1~1vlurr~rr1HM'11 W'.i'Jll'l'llJ-11,U!ffU 1uili'm~uiimm1M"l 14-Sep-99 

12-Sep-99 1 M•~ 1vlurr~rr1ml1.J 111JM 1:) 11,/fl l'.i H ~ lll 1iJ~Ull11l'll:lM 14-Sep-99 

12-Sep-99 1 M'l~ ivlurr~rr1N~1l 111JM11Jfll'i w~m I ,j~ Ull 11l'll:lM 14-Sep-99 

12-Sep-99 1 M'l~ ivlurr~rr-lmfo 111JMtlllJfll'i 1i'nu iiJ~tJU11l'll:lM 14-Sep-99 

12-Sep-99 1 M1~ivl11rr~rr-lH>l11 111JM1:l llJfl H 1i' nu iiJ~Ull11l'll:lM 14-Sep-99 

12-Sep-99 1 M'l~ ivlurr1rr1H~1l l1lJMl:lllJf1 n1i'1 m nl~uu11l'll:lM1m~'llmru 15-Sep-99 

13-Sep-99 1 M•~1vl11rr~rr-ln~11 11lJMl:lllJfll'.i 1i'1m iiJ~Ull11l'll:lM 13-Sep-99 

13-Sep-99 1 M'J1hh1rr~rr-:iN>l11 mJl'ltlllJfll'.iHnu n J ~ (l U11l'll:lM 13-Sep-99 

13-Sep-99 1vl11rr 1 rr-;i H>lmhu1'u~u Circuit Breaker ill'l'J11l'i i1l~m1ti'llmru1mi 14-Sep-99 

13-Sep-99 1 wnil1urr~rr-;in>l11 wn11m111i1iiRu 'hji'l't1~>l1i iiufl n 'l>i"l 14-Scp-99 

B-Sep-99 1 >1111vlurr1rdn>l1J mJl'ltllfJfl nH~rn 11J~t1lll1MM 14-S.ep-99 
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Table A 1. Repair Request Details during June 1999 and February 2000. (Continued) 

Order Date Job Cause Operation FinishDate 

13-Sep-99 1 Yi•~ 1vlumff1Hiii1l l1l.JYlfilQfll'l1~HU nJ~aUl1tlfiYl 14-Sep-99 

13-Sep-99 1 Yi•~ itl11mn1Hiii1l ¥'1n'il'W1l11 hiiifo 'h.i~fi~iil11iiunn1w1 14-Sep-99 

13-Sep-99 1 Yl1~ '1vlt1ff~l'11Hiii1J l1l.JYimQm'lW~1u 11l~au l1t1t1Yi 14-Sep-99 

13-Sep-99 1 Y11~ i'l'l11!'1~!'11Hiii1l l1l.JYlfilQfll'i1~~1U 11l~au11t1t1Y1 14-Sep-99 

13-Sep-99 1 Y11~ ivl11n'~f1'1Hiii1l l1l.JYltllQfll'i 1~~1U 11l~au11t1t1Y1 14-Sep-99 

13-Sep-99 1 Yi•~ ivl11n~n1Hiii11 l1l.JYit11QfinWnu 11l~au11t1t1Y1 14-Sep-99 

13-Sep-99 1 Yi•~ 1vlu n~n1Hiii1l Vl1ff.u1YJ 11l~auvbn1mi 14-Sep-99 

13-Sep-99 1 Yi•~ 1vl11n~n1Hiii11 ¥'1n'il'l'l1J111i.i1i1a 1i.i~a~Yi11iium11Yi1 14-Sep-99 

13-Sep-99 1 Yi•~ 1vl11n~n1Hiii11 11l.JYlt11Qfll'i1~~1U I V~l'JU l1tlt!Yl 14-Sep-99 

13-Sep-99 1 Yi1~1vl11n~rdHiii11 ttl.JYlt11Qm1H~m 11l~l'lUl1t1tiY1 14-Sep-99 

13-Sep-99 l Yi1~1vlun~n1Hiii11 l1l.J¥'1mQnnW~rn I V~l'JU l1tlt!Yl 14-Sep-99 

14-Sep-99 1 Yi1~1vlun~rY1Hiii11 l1l.JY'lt11Qm'i1~nu IV~l'JU'lftltJYJ 15-Sep-99 

14-Sep:,99 1 Yi1~1vlun~n1Hiii11 l1l.JY1tl1Qfll'i1~~1U 1 V~ l'JU 11tlt!Yl 15-Sep-99 

15-Sep-99 1 Yi1~ivl11mn1Hiii11 l1l.JYimQm'iW~m 11l~l'lU l1t1t1Y1 16-Sep-99 

15-Sep-99 l Yi1~1vlun~n1Hiii11 'lfl.JYit11Qm'iHnu 11l~l'lUl1t1tiY1 16-Sep-99 

05-0ct-99 1 Yi1~ivl11n~n1Hiii11 Vl1ff.u1YJ 11l~uuvbtf111i.i 26-0ct-99 

15-0ct-99 ivl11rn~u~nH1lmiii11 4 Yi1~ 'lfl.JYltllQfll'i1~~1U !V~l'JU l1t1t1Y1 18-0ct-99 

21-0ct-99 1vl!!n'~l'11HiiimimtiYJ!IU1 Vl1ff.u1YJ 11l~l'luvbn111i.i 23-0ct-99 
,, ~ ~ 

1Yl11n'~l'11Hiiimfo1~u~u 
l1Uln1.ll'ln"Ufi~ Magnetic 

' ' " 25-0ct-99 ¥'1tll'l1~'1fU 1 Contact 25-0ct-99 
contactor 'lfltYl 

25-0ct-99 ivl11!'1~n'1H;tYJ~H Photo switch lffl'J !V~[JUtJVmru1111i 25-0ct-99 

25-0ct-99 1 Yi1~ 1vl11 n~n1Hiii11 l1l.JYit11Qm'iH~m 11l~l'lUl1t1tlY1 05-Jan-OO 

25-0ct-99 1vl11n~n'1HiiimmaYi11U1 Circuit Breaker l'i'Yi1~'il'i 9'1tl1~'il'i 21-Feb--00 

26-0ct-99 l Yi1~ 1vl11n~n1Hiii11 ¥'1'.i1'ill'l1J111i.i1ffl'J 1li~a~Yi it ii un n 1Yi"J 27-0ct-99 

07-Dec-99 1 Yi1~ ivl11n~n'1Hiii11 'lfl.JYimQnn1~nu 11l~au11t1t1Y1 05-Jan-OO 

ll-Dec-99 1 Yi1~ 1Yl11n~n1HYi11 m1Yit11Qnl'iH~m 1V~l'JU11t1t1Yillt1:~Q 1lmri'i 07-Feb-OO 

13-Dec-99 l ~1~hhtn'~l'11HYi1l l1l.JYit11QnnH~rn 11l~au11t1t1Y1 12-Jan-OO 

18-Dec-99 1 Yi1~1Yl11n~n1HYi11 CB!ffU nJ~l'JUQ1lmri'ii11i.i 20-Dec-99 

18-Dec-99 1 Yi1~ ivlumn1HYi'1l CB!dU nJ~BUQ1lmru1tti.i 20-Dec-99 

19-Dec-99 1 Yi1~ 'lvlun~fl'1HYi'1l Circuit Breaker ii'Yi1~1l'i >'itn~'il'i 04-Jan-OO 

19-Dec-99 1 Yi1~1Ylun~n1HY111 mJYimQm1H~m 11J~l'JUl1tlt!Yl 05-Jan-00 

19-Dec-99 I Y11~ 1tl!!tH!'11HYl1J Circuit Breaker ii'Yi1~'il'i i'itn~'il'i I 2-Jan-00 

19-Dec-99 I i'l1l1vlHNH't'1HYl1J m1Yit11Qm'lw~rn 11 l~nmrnti>'I 12-Jan-00 

19-Dc<-~99 1 >'11l ivlurr~f1'1HYi'1J mJYimqm1W~m !1l~UU11l'HJYJ 12-.lan-OO 

19-Dcc-99 1 ¥<1111tlitrr~rr111Yi'11 ( :in.:uit I lreaker \ii'Yi1~'il'i >iffH'il'l I 2-Jan-00 

19-Dc<-~99 1 >'11~ lW!!fi~11'1N~1J miYii'l 1qnnW~m 11J~tnrnMYJ 12-Jan-00 
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Table A. I. Repair Request Details during June 1999 and February 2000. (Continued) 

Order Date Job Cause Operation FinishDate 

19-Dec-99 1 ~·~1vlmMrr-.iN~1l l1lJ~f3lfJfln1i'nu t1J~u1.1 mm~ 12-Jan-OO 

19-Dec-99 1vlutHn'-.iHritHiJlU~1J 1 ~-~ l1lJ~f3lQfll51i'~m 11.l~uumm~ 16-Feb-OO 

22-Dec-99 1 ~-~ 1vi11n'~n'-.iN~1J l1lJ~mrim)w~11.1 11.l~uu mrn~ 23-Dec-99 

22-Dec-99 1 ~•~ 1vlun~n-.iH~1l l1lJ~f3lfJfll11i'~m nl~uumm~ 23-Dec-99 

22-Dec-99 1vl11n~n-.iHritnilrn~mf~ilm CB lffU 11l~u1.1tiilmru1l1li 04-Jan-OO 

22-Dec-99 1vl11n~n-.iH~11~1.111'u~u Circuit Breaker ~~"J~'il) ~fl-~'il) 04-Jan-OO 

22-Dec-99 1 ~·~1v111n~n-.i11~11 l1lJ~f3lfJfll51i'~m 11.l~uumwrn 12-Jan-OO 

22-Dec-99 1 ~·~1vl11t'1~t'1-.iHYl1J l1lJ~mfJm5W~m 11.l~umnrn~ 12-Jan-OO 

22-Dec-99 1 ~-~1vlut'1~t'1-.iH~1J l1lJ~f3lfJflnW~m 11.l~uumm~ 12-Jan-OO 

22-Dec-99 1 ~-~1vlut'1~t'1-.iH~1J l1lJ?lf3lfJfll51i'nu 1iJ~UlJl1!'1f)?l 13-Jan-OO 

11r-lul!?J'!ltn1~umu1vl (Draw pit 
tillil!l1'fj 1ii~tH~ i1ilum5171"1 25-Dec-99 05-Jan-OO 

cover) lffUl1 lU 

27-Dec-99 1 ?l"J~ 1vl11t'1~t'1-.iH~1J l1lJ~f3lfJfll11i'~m 1 ii~ u u mrn~ 12-Jan-OO 

27-Dec-99 11n~1vl11t'1~t'1'JH~1J l1lJ~f3lfJfll11i'~m 11.l~aumm~ 12-Jan-OO 

1 WH1vl!!n'~n'iH~1l 
. 

1il~uutiilmru111ii 27-Dec-99 ;r"Jl1!'1f)i;ii1171 01-Feb-oo 

30-Dec-99 1t'11Mrh11t'1~t'1-.iH11rt::11mhl1nu11m f11l_9lll1"J 1il~rrntiilmru111ii 26-Jan-OO 

02-Jan-00 1vl11mii:u~tfoilm~11 2 ~·~ 9lD'ill'l1J-.i i 1ii1ffU 1ii~tH~llllUfll11~"] 04-Jan-OO 

02-Jan-OO 1 71"J~1vlut'1~t'1-.iH~1J Control Gear lffU 1 il~autiilmru111ii 01-Feb-oo 

03-Jan-OO hfot'1~t'1-.iHritm'h~mf~-l11a Circuit Breaker ~~"J~'il) ~fYH'il'.i 04-Jan-OO 

03-Jan-OO 1 ~-~1vlun'~t'1-.iH~1J l1lJ?lf3lfJflnW~m 1iJ~OUl1!'1f3~ 12-Jan-OO 

04-Jan-OO 1vl11t'1~ITTH~11~m1'u~u Circuit Breaker ii'~1~111 ~f)-~'j}) 04-Jan-OO 

05-Jan-OO 1vl11t'1~t'1-.iH~11~ur3'u~u ft~1~'il) 1~ut'1ml11ii 01-Feb-oo 

06-Jan-OO 1 ~·~1vlun~n-.imi1l l1lJ?lf3lfJflnW~rn 1iJ~EJUl1!'1f3~ 12-Jan-OO 

06-Jan-OO 1vlun~t'1-.iH~11~m1'u~u Circuit Breaker ii'~•~n ~f)-~'ilJ 12-Jan-OO 

06-Jan-OO 1vl11n~t'1-.iH~11~m1'u~u Circuit Breaker~~- ~'ill ~f)-~'il) 12-Jan-OO 

08-Jan-OO 1 ~1~1l'l11rr~rr-.iH~11 l1lJ?lf3lfJm1W~m 11J~UUl1!'1f3~ 12-Jan-OO 

08-Jan-OO 1 711~1vl11n~rriH~1l Control Gear 1ifo 1il~t11.1tiilmtii1 l1ii 12-Jan-OO 

08-Jan-00 1 711~ 1l'lut'1~!'1'JH~1J l1 lJ?l m fJfl n W ~ rn 11 l ~ rnrn rt fl?l 12-Jan-OO 

08-Jan-OO 1 71•~ 1vlun ~t'1-.iH~1l 9lD'il'Yi1li i 'tii1ifo tii9'i'M~11ilum11~"1 13-Jan-00 

08-Jan-OO 1 ~1~ 1Yl11rr~rr-.iH~11 9ln'il'Yi11-.i1 iiiinu 1uJlf3~~ i1il1.1fln 171"1 13-Jan--00 

08-Jan-00 1vi11rr~rr-.imif3~,'l1u~11 1 ?l"J~ mJ71f3lfJfll11'li~m 1il~t'Jll l1!'1fl?l 25-Jan-OO 

08-Jan-OO 1vi'qmii:u~nmlm~11 2 711~ 9l1d'il'Yi1J-.il ililffU t1iJltH~11ilufln1~"1 25-Jan-00 

10-Jan-00 1vl11mii:u~nHilm~11 2 71•~ Flashing Relay 1f1u nJ~rrnti ilmru111ii 25-Jan-00 

10-Jan-OO ivl'ijmli:u~nHilm~11 2 71•~ Flashing Relay !fftl nl~umrtlmrul m.i 25-Jan-00 

l l-Jan-00 1 ~·~ 1vlumn111~11 mi¥1mtJfll'lhi'~rn 11l~fllll1!'1tl~ 12-Jan-OO 

J l-Jan-00 1 •rn 1vl11rr~rr-.iw~11 11lJ¥1tllfJfll'.ihl111.1 nl~rmnrtti~ 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 FinishDaie 

11-Jan-OO im irl-illmrr~rr-:irnn1m iu fl1Wl!l1~ 11l~rru~1lmru'hni 15-Feb-OO 

12-Jan-OO 1 11-:i~ irl11rr~rr-:inli'l11 1miltnQm11~m1 11i~U't.ll1fttll'l 13-Jan-OO 

12-Jan-OO 1 il-:i~1rlumrr-:iwfo MlJ1ttl1QflH1~nu 11l~uum:rnil 13-Jan-OO 

12-Jan-OO 1 il-:i~1rlumrr-:ini'ii11 MlJ1tt)1Qm1H-m1 !V~tf'Ul1ftt)il 13-Jan-OO 

12-Jan-OO 1 il'l~irlumrr-:in~11 MlJiltllQfll 1 W rn.1 11J~U't.ll1ftt)il 13-Jan-OO 

12-Jan-00 1rl11miiu~ontlmi'ii11 4 il-:i~ ffll'l'lllil ~~i~1mi 15-Jan-00 

12-Jan-OO 1rl11miiu~ontlmi'ii11 2 il'l~ Flashing Relay 1ifo itl~uu~tlmruhni 15-Jan-OO 

13-Jan-OO 11-l'l~irJun'~n'-:iHi'ii'U 11 lJilt) l Qfl 11w~1ll IV~ U'U lfftt)il 13-Jan-OO 

15-Jan-OO irlurr~rr-:iHi'ii'IJ~ur~u~u Yl-:iff'IJ lil 1tl~uuvhn1mi 15-Jan-OO 

15-Jan-OO irlumrr-:iHi'ii11~at)i1Ull'l \i'll'lill'l'IJ-:il ili1ifo ili~t)~~11iiun11 lw1 15-Jan-OO 

15-Jan-OO l il'l~1rlmHrr-:i1~~11 CBINl'I 1tl~l'lu~tlmru1Hli 18-Jan-00 

15-Jan-OO 1 il'l~ irl11rr~rr-:ini'ii'll CB1tfo nl~l'lu~tlmru1Hli 18-Jan-OO 

15-Jan-OO 1 il-:i~1rlumrr-:in~11 CBlffl'I 1tl~l'lu~tlmru1mi 18-Jan-00 

15-Jan-OO 1rl11milu~fiHtlm~11 4 il-:i~ 'iJil~fil1ft'llJ/!!~f) ~il.i~1mi 25-Jan-OO 

16-Jan-OO irl11muu~fi1~tlm~11 4 il-:i~ Flashing Relay lffl'J 1tl~uu~tlmru1 Hli 17-Jan-00 

18-Jan-OO 1 il'l~ irlurr~rdn~u 11lJilm~1'.iW~m 11.l~l'l'Ulfftt)~ 18-Jan-OO 

18-Jan-OO irl11 mrr-:i i ~ rit)~ ii 1 u~ 'll.,f ~ii 11'1 :W-:iffulil 1tl~uurbtf1 mi 18-Jan-00 

18-Jan-OO 1 il'l~ 1rlurr~rr-:in~'IJ Ml.Jilt) lQflH1~~1ll 11!~ l'lll lfftt)il 19-Jan-OO 

18-Jan-OO 1 il'H irl11rr~rr-:iH~11 MlJiltl1Qfll1hr~m 1tl~uu 11at)il 19-Jan-OO 

18-Jan-OO 1 il'l~irlurr~rdn~'ll 11lJilt)lQfl111"*~1u IV~U'U 11ftt)il 19-Jan-OO 

18-Jan-OO l il'l~ irlurr~rr-:iH~'U MlJilt)1~11H~m 1tl~l'Ju 11at)il 19-Jan-OO 

18-Jan-OO l il'l~ irlurr~rr-:ini'ii'll mJilt)lQm'iWnu IU~ t'Jll 11ftt)il 19-Jan-OO 

18-Jan-OO 1 i1-:i~irlurr~rr-:in~11 m1ilm~11H~m 1tl~l'Ju 11atlil 19-Jan-OO 

18-Jan-OO 1 i1-:i~irl11rr~rr-:iHi'ii11 11lJ~t)lQfl 111~~1ll 1tl~l'llll1t'lt)il 19-Jan-OO 

22-Jan-OO 1rlurr~rr-:iH~'IJ~ll!1'ui'l'u Magnetic Contactor lffl'J 1tl~l'lu~tlmru1 mi 22-Jan-OO 

22-Jan-OO irlu m rr-:i H~rn;m t) ill! m Magnetic Contactor lffH 1tl~l'lu~tlmtli1mi 23-Jan-OO 

23-Jan-OO irl11n'~n'lH~ilftH ~n'ill1'1J-:i11li1ifo ili~t)~~11uum11w1 23-Jan-OO 

24-Jan-OO irl11milu~fintla1~'1J 2 il'l~ Flashing Relay ltfo 11l~umitlmru1 mi 25-Jan-OO 

24-Jan-OO irl11miiu~ontla1~11 1 il'l~ m111mQm1 H~m 1tl~uu Mat)~ 25-Jan-OO 

24-Jan-OO 1rl11milu~fl'ntlm~1121-1-:i~ Flashing Relay lffl'I 11l~uu q ilmru1 Mli 25-Jan-OO 

25-Jan-OO 111-:i~il'lumrr-:iH~'U 111J1tl'llQflHH'nu r1l~nu11at)1! 25-Jan--00 

29-Jan--00 'hforr ~rr-:i1 ~rit)~ ,~ 1ui'ii11 lf ~ ilrn rhif'\!111 11l~uuvhn1 mi 05-Feb-OO 

30-Jan--OO irl11miiu~fl'mla1~11 l il'l~ m1~mQn11hi~m nl~rru11at)~ 30-Jan--00 

30-Jan-00 i'l'lumrr-:i H~'IJ~ m1'u~u iJ'•rH'il1 1i'iw1rnl11li 30-Jan--00 

30-Jan-OO 111-:i~!Yl11rr1rr-:in~11 m1,:;n11Qfll'i1iinu nl~rmmrn11 30-Jan-OO 

30-Jan--00 1 ~·~hlHrr~rr-irnfo lilJ\'!Ul~fll'ili'~lll 11l~tru MtltlVl 30-Jan-OO 

30-Jan--00 1 ~·~1rl11rr1rr-:iH~11 111Jl'll'J 1qfl 1>1'17~rn nl~ntJ mrn~ 02-Feb-OO 

30-Jan-OO 1r1Hrr1rr-i i 1~11iii'w1'u~u ,\1agnetic Contactor 1111'1 11l~tmQ1Jmru1mj 28-Jun--00 



Table A.1. Repair Request Details during June 1999 and February 2000. (Continued) 

Order Date Job Cause Operation Finish Date 

31-Jan-OO 1-rl'ijrni!u~nHtl~rnfo 1 i;i·H 11lJP1mQm'JH~1u 11J~Ut!'IH!tlPI 03-Feb-OO 

31-Jan-OO 1vlw:Hl1'1Hrlti~ihui\'u 1 Pl'H Control Gear IUU 11J~umitlmriil1nj 05-Feb-QO 

31-Jan-OO ivl'ijrnilu~nHtlmA'u I A'H 'lflJPimlJnnH~rn 1tl~uu 'lfftt>Pi 26-Feb-OO 

05-Feb-OO 1vl'ijfll~ll~fl'Htl~rnfo 2 A'H 'lflJAtl1Qflll1~~lt! 1tl~Ull'lfftt>A 26-Feb-00 

05-Feb-OO ivl'ijrn~u~fl'Htlftl~'IJ 1 A'H 'lfllAtllQflllH~rn 1tl~Ull'lfftt>A 26-Feb-00 

07-Feb-OO 1 A'Hivl11rr~rriHi\''1J 'lflJAtl lf,/fll'.i w~ lt! !tl~Ull'lffttlA 07-Feb-OO 

07-Feb-00 l A'H1v111rr~rriHA'IJ rillilrn~ 1tl~uuritlmru1Mii 07-Feb-OO 

07-Feb-00 1vl11rr1rrimf~m'hmfo 1 A1~ '1flJAm1JnnW~rn 1t1~ uu 'lfMAuft::titlmrii' 07-Feb-QO 

07-Feb-00 1 A1~ 1vlurr~rrirn\'u Mmrn11JnnH~rn 1tl~Ull'lfftt>A 07-Feb-00 

09-Feb-OO 1-rl'ijmi!u~nHtlmA'u 2 A1~ Flashing Relay 1ifo 1tl~uutitlmru1'1fii 09-Feb-00 

09-Feb-QO 'lvlum rrimfu~ilwA'mf~,'lw CB!rYU 1tl~uuritlmru1Mii 09-Feb-OO 

09-Feb-QO I i;i·nhi!lrr~rriH~'IJ 'lflJPimQm'JH~rn 1tl~Ull'lfftt>A 09-Feb-OO 

09-Feb-QO 1 A1~ hiumrrimfo 'lflJAtllQflUH'~lll 1tl~uu 'lffttlA 09-Feb-OO 

09-Feb-QO 1 iil·:n 'lvlmnrrirnfo 'lflJAtllf,/flU'l.,fnu 1tl~Ull'lffttlft 09-Feb-QO 

09-Feb-00 I A1~ivl11mrr1HA'IJ 'lflliiltllf,/flll'l.,f~lll I ti~ Ull 'lffttliil 09-Feb-00 

11~u1Jiit.,fu~1\;iumuiv1 (Draw pit 
Qllill'lf>'J 1tl~uuritlmruimj 09-Feb-OO 14-Feb-00 

cover) !fYU'lflO 

12-Feb-OO Cable Tie 11fli'll 'lflJAtllQfllli~~lll 1tl~uu ti tlmrii'i Mii 12-Feb-OO 

12-Feb-QO Cable Tie ufti'IJ 'lflJAtllQfll'.i 1~~lt! 1tl~uutitlmrii'1 'lfii 12-Feb-00 

12-Feb-QO Cable Tie uft'l'IJ _ 'lflJiiltl1QflnH~rn 1tl~uuritlmrui11ii 12-Feb-00 

12-Feb-00 Cable Tie ufli'IJ 'lflliiltllf,/fll'i w~rn 1tl~auritlmrii'1mj 12-Feb-00 

12-Feb-OO Cable Tie ufil'IJ 'If ll Pltll Qfl l'J hi'~ lt! 1tl~autitlmrii''lmj 12-Feb-00 

15-Feb-00 hhim~u~fl'Htlm~u I A•~ 'lflJAtll Qfll'i 1~~lt! 1tl~fJll'lfftt)ji! 16-Feb-00 

15-Feb-00 ivl'ijrn~u~nHtlmi>lu 4 i;i1~ Flashing Relay !fffJ I ti~ fJ U Q tlm ru'\ mj 16-Feb-00 

15-Feb-QO 1vl111Hff-JH~'IJ~t!11'll~ll Y'l'i1'il1'1'1Jil hilifo 'lii~tJ1A11iiunn1A"1 16-Feb-00 

15-Feb-OO 1-rl'ijrnil u~nHtlft1A'u 1 A•~ 'lflJAtllQfll'.i H~rn ttl~fJll'lffttlPI 16-Feb-00 

1vl11rr~n-1H~u~u11'u~u 
'lfUlffUNff'IJtl~ Magnetic 

~u'l'i·:n'lfUl Contact 16-Feb-00 16-Feb-OO 
contactor iii iii 

16-Feb-OO iv1'ilmi!u~nHtlm~u 2 ii111 Flashing Relay lfYfJ 1tl~uut1tlmruimj 16-Feb-OO 

16-Feb-OO 1-rlurr 1n-i H~u~m1'u~ u Circuit Breaker ii'A1~'il'.i ~fl1-:f'il'J 16-Feb-OO 

16-Feb-OO 1vlurr1rr1 n~uwm1'u~u n1ff'IJ1A 1tl~aun1il1Mii 16-Feh-OO 

16-Fcb-OO 'lvl11rr1rdmfowm1'u~u Vl1ff'IJ1A 1tl~uu:W1t1imj 16-Feb-OO 

18-Feh-OO 1vlmHrr1H~1Jl'lfttlA!!ln llA1Hl'i 1~urrm1mi 19-Feh-OO 

18-Feh-00 lvl11rr1n1H~111lm1'u~u vhN'lllA 11l~m1vbif1Mii 20-Feh-OO 

18-Feh-OO 1vlun 1rr1 Hilu9i'm1'u~u Vl1rY'IJll'I 1.1J~auVl1 il1 mj 20-Feb-OO 

hforr1ni 11~u9i'm1'u~u 
11u1ri'uH°rr'lln1 Magnetic 

' ' " 20-Feh-()(J l'ltl'Yl1111ll l Contact 20-Fch-00 
con!ac!or 'lfri;A 

20-Feh-00 hlmr ~ni H~11~m1'u~u ( 'in.:uit Breaker ifWH'il'.l ¥in11'il1 2 I -Fch-00 
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Table A. I. Repair Request Details during June 1999 and February 2000. (Continued) 

Order Date Job Cause Operation Finish Date 

21-Feb-OO il'l~muu~ft'Htlml\'11 4 ~m 9'ifti~11J~ ~fti~i-1nJ 21-Feb-OO 

22-Feb-OO 1 im1l'lun~n1H~'ll '11lJfttllQfll'.iHnu IV~6"U '11Cltlft 22-Feb-OO 

22-Feb-OO lrl~miu~fl"H1lmi11 2 ft1~ Flashing Relay lfrtJ 11l~au~1lmwhnJ 23-Feb-OO 

22-Feb-OO 1 Y11~h4un~n1H~11 '11lJiiltllQflnH'~rn 
. ./ 

!Vft6"U'l1Cltliillm~VflHU 23-Feb-OO 

22-Feb-OO 1 Y11~1'1'111n~n1mfo 'l1lJiiltllQtmH~1u IV~O"U'l1CltliilUCl~Vfl'.iW 23-Feb-OO 

24-Feb-OO 1 Y11~hl11n~n1rnfo Circuit Breaker $i'ii11~u 9'im~u 01-Mar-OO 

26-Feb-OO 1'1'l~miu~flHVClli'll 2 '11~ Flashing Relay lffU 11l~uu~'llmw1'11li 26-Feb-OO 
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