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ABSTRACT

Addis Ababa population has rapidly grown and as the population grew, traffic increased with
associated problems such as traffic jam, pollution and Due to the economic growth, there is
increasing transport demand and growing mobility needs of people but there is Lack of

transport infrastructure (limited connectivity).

Thus, long queues for very long time particularly at peak hours are getting additional rife
drawback that affects operation time, thence reliability of railway operation system. In fact,
delays in railway networks causes drawback in daily operation and result for reduced

reliability, availability.

The general objective of this research was to study the impacts of rolling stock maintenance
practices on Light Rail Transit operational performance while had to be delimited to the
Light rail as one of transportation means in Ethiopia especially Addis Ababa, in Addis Ababa
Light Rail Transit North South Line.

Research type used is qualitative one and collection of data methods are both primary and
secondary data in order to acquire good results for the study. Data were analysed using
Microsoft excel 2013 for all four years; from 2015 to 2019.

The calculated operational availability shows that it is higher than 99.8% which is showing
that even if there are failures they didn’t have big bad impact on the operation as many of
them few caused trip cancellation but replaced by the standby trains to continue the cancelled
trip for the other train, failures occurred did take short time to be repaired as it is said by the

respondents.

As the transportation sector continue to be more effective, among others this is railway
transportation one in which maintenance has impact, types of maintenance for rolling stock
are preventive maintenance and corrective maintenance or breakdown maintenance which
have impact on LRT operation depending on how they are practiced. Lack of enough
machineries and spare parts in the workshop causes the low availability of trains, even if
sometimes corrective maintenance causes train delay and cancellation, the availability is still
high to conclude that maintenance has to continue be implemented in railway transportation.

Finally, in all services, being punctual and reliable is a key to success, Data which will be
produced from this study will be fruitful to AALRT and to the passengers and be productive
to the country as a well and act as reference for future work.
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Impact of rolling stock maintenance practices on LRT operational performance
Case of Addis Ababa
Introduction

1 Introduction

The introduction chapter begins with the background to the study, looking generally at
maintenance as a support function in railway transportation and other modes of transportation
related to their capacity and satisfaction to their customers. Further, the problem statement
highlights and take into account the impact of maintenance in the operation processes of an
organization. Research questions are also presented. Some limitations with regard to this study
are also stated.

Punctuality and reliability of public (rail) transport are key components of quality of service

and passenger satisfaction (Alex Landex, Anders H. Kaas & Sten Hansen, 2006), unreliable
service means that customers are not satisfied. Punctuality is a result of a reliable rolling stock;
to be punctual, a given train set has to be reliable according to its maintainability and

availability to give a safe service to customers.

In the daily operation of a given railway company, if there is any kind of delays in the network,
that is the major problem which has to be avoided taking different measures. Therefore,
consideration to transit value and efficiency in general and reliability in particular has to be
increased. For railway services, reliability can be defined as the continuity of correct service
plus the ability to complete the entire process of planned OD (origin — destination) in expected

transport time.

Refer from the passenger’s point of view, the reliability can be containing the closely related
concept of punctuality, punctuality relates to the deviation from the scheduled arrival and

departure times; without service quality.

It is well known that Service quality is the result of the comparison that customers make
between their expectations about a service and their insight of the way the service has been
performed (Hamed. F. Hamed Omar, Dr. Kamarudin Bin Saadan, Prof. Kamaruzziman Bin
Seman, 2015). it depends on RAMS (Reliability, Availability, Maintainability and Safety) and

other minor factors.
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Quality of Railway service

Other factors Railway RAMS
Safety Availability
Reliability and Operation and
Maintainability Maintenance

(Applications, 1999)

Figure 1: factors contributing to the quality of a railway service

Even if all these elements of RAMS are important in the operation of physical railway
possessions, this research will emphasis on the Availability of railway operation mainly on
rolling stock maintenance as studying the impact of its maintenance’s practices on the

operational performance.

1.1 Background

Addis Ababa is the capital city of Ethiopia founded in 1887 (Preceup, 1999), and has expanded
rapidly and now is among the ten largest cities in Sub — Saharan Africa; its Population size is
above 3.5 million with annual growth rate of above 3.8%, it serves as a transport hub of the
nation on average 6.3 million trips per day are generated with expenditure of 10% on transport
(Tolon, 2008). Its population has rapidly grown and as the population grew, traffic increased
with associated problems such as traffic jam, pollution and accident because, it has diverse
Transport problems like aged Fleet, chaotic movement, unacceptable emission, unsafe,
Hazardous to life and property and weak traffic management system and because of this there
is a wide gap between demand and supply; Due to the economic growth there is increasing

transport demand and growing mobility needs of people but there is Lack of transport
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infrastructure (limited connectivity). In order to solve such a problem modern and reliable
railway system is needed to sustain the economic growth momentum of the country by
supporting the demand of passenger mobility. So, ERC (Ethiopian Rail Corporation) sought an
effective solution in the form of non-polluting rail-based mass transit system with Capacity,
cost effective plus good Impact on population, it is safe compared to the other modes of
transportation, reliable and comfortable plus it is environmentally friendly and Efficient,
attractive ((CPI), 2016).

1.2 Problem statement

The railway transportation can be said to be both wealth and creation of jobs (Aldagheiri,
2010); therefore, railway authority are fighting how they can increasingly study how they can
maintain using developed methods in order to provide high quality service compared to the
other modes of transport.

To achieve this, they make sure on different ways on how they can make this mode of transport
competitive even if the cost of maintenance can’t cease to be increasing. Hence, it has become
authoritative to make the evaluation of current maintenance ways which are being used
according to RAMS, and key performance indicators to support service needs, correct service
can be given to the reliability as its definition (S. M. Famurewa, Mathias Asplund, Matti

Rantatalo, Uday Kumar, n.d.).

Like it appears in national capital, LRT becomes morel used increasingly attributable to the
very fact that population increment quicker than the transport facility. Thus, long queues for
very long time particularly at peak hours are getting additional rife drawback that affects
operation time, thence dependability of railway operation system. The matter is lack of

dependability; reliability that result into delays and lack of timing.

In fact, delays in railway networks causes drawback in daily operation and result for reduced
reliability, availability and of the railway operation system. Then a model with associate aim
of minimizing average rider period, waiting time and providing variety of trains needed within
the line (Konig, 2020). Therefore, the aim of studying the impact maintenance of rolling stock

can cause to the Light Rail operation.
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1.3 Research questions
The research presented in this thesis proposal will explore the following questions:
1. What are the types of maintenance applied at AALRT rolling stock workshop?
2. What are the influences of not having all maintenance machines in the workshop?

3. What is the effect of maintenance practices to the operation performance?
1.4 Objectives

1.4.1 General objectives

The general objective of this research is to study Impacts of rolling stock maintenance practices

on Light Rail Transit operational performance.

1.4.2 Specific objectives
» To investigate rolling stock maintenance practices of the AALRT

> To study the effect current rolling stock maintenance practices have on train availability

and customer satisfaction

» To identify and recommend countermeasures related to rolling stock maintenance
practices that would help improve the operational performance of the AALRT.

1.5 Scope

The study will be delimited to the Light rail as one of transportation means in Ethiopia
especially is Addis Ababa, where it is serving and the way travellers are being served
punctually and reliably but because of duel time of trains at some stations and maintenance it
causes increase of passengers waiting and cause overcrowding which results into the
unsatisfaction, so the scope is about studying the impact of rolling stock maintenance on LRT
operational performance in AARLT NS( North south) Line; from Kality to Menelik square
based on train door maintenance using literatures, data collection in analysing them and come
out with results and recommendations. As humans have a limited perception and capability to
process information, the number of indicators one person can monitor is limited. Therefore, the

research also includes data aggregation, to reduce the number of indicators, with minimum loss
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of information. Aggregation also facilitates comparison, as the output is an overall indicator or

index.

1.6 Limitation

The research is limited to the rolling stock as of train door; one of components within the area
of operation, i.e. design, construction and reinvestment are not considered. Aspects like
infrastructures, power supply and climate variations are not considered. The case studies are
limited to certain railway lines, with the primary aim of verifying the methods; i.e. the resulting

performance of the rail lines is primarily used for discussion purposes.

The thesis will mainly be focused on quantitative assessment of the reliability and punctuality
of AALRT operation based on rolling stock maintenance not qualitative method. the analysis
will be done on the line segment of North-South line thus, East -West line will not be

considered.

1.7 Significance of the study

* Inall services, being punctual and reliable is a key to success.

* To get the study be valuable, it will create the knowledge of knowing how to overcome
a challenge which can make an LRT fail because of low quality service.

» Data which will be produced from this study will be fruitful to AALRT and to the

passengers and be productive to the country as a well.

* |t will act as reference for future work
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1.8 Thesis disposition

This study will be separated in the parts of Introduction, Methodology, Theoretical framework,
and the Empirical findings. This is followed by the Analysis, Results and Conclusions which

is a normal in writing a thesis. Figure 1.1 below describes the disposition of this thesis.

Chapter 1.
% Introduction Chap 2. Chap 3
» Background .
. Problem X Literfitu re < Research Chap 4.
statement review methodology % Results and
* Research " Typeof discussions
questions Relevant research
. Objectives theories and . Data
. Scope concepts to collection
. Limitation facilitate methods
+ Significance of analysis
the study
* Timeframe
» Disposition

Chap 5.

e Conclusions
e Recommendation

Figure 2: Thesis disposition
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2 Literature review

The presented in this chapter are the necessary theories that are relevant for this study. It starts
with describing Maintenance and its impact followed by the relationship between Maintenance
and operation; rolling stock Maintenance; maintenance and performance. Also described in
this chapter is the Maintenance Organization; Life Cycle Cost Analysis; as well as

Maintenance cost. This is in view to increase the reader’s understanding of the study.

There are many studies on railway maintenance and among them many emphasis on
infrastructure maintenance and its operation (Stenstr’om, 2014), Christer Stenstrom said that
maintenance planning and optimisation of preventive maintenance can be made more effective,
which can decrease interruptions of train operation, reduce costs and ensure safety. Also, that
Railway performance and capacity can be enhanced by: expanding infrastructure; introducing
better technology; and improving the efficiency and effectiveness of operation and

maintenance.

Tomas Liden in his journal (Lidén, 2015) said that Railway infrastructure maintenance
consumes very large budgets, is complicated to organize and has numerous challenging
planning problems. Specifically, the coordination with train traffic operation is of crucial
importance. Despite this, little work has been conducted in the operations research area

regarding infrastructure maintenance as compared to train traffic operations

Sometimes it can be difficult to decide on which type of maintenance to use to make your
equipment more effective that is why (Yung-Hsiang Cheng a,n, Hou-LeiTsao b, 2010) Yung-
Hsiang Cheng and Hou-LeiTsao, their purpose was to permit an approach for selecting a
maintenance approach for rolling stock and finding probable spare parts’ sizes and replacement
interludes for the components of rolling stock using an analytic network process (ANP)
technique for the strategy evaluation, because ANP considers the important interactions among

evaluation factors.

The ANP’s result decides upon a proper rolling stock maintenance strategy formed by various
combinations of preventive maintenance (PM) and corrective maintenance (CM). The ratio
PM/CM, obtained by ANP, can help to predict spare parts’ quantities of the components of
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rolling stock. The empirical result also indicated that preventive maintenance should be much
more valued than corrective maintenance. They also concluded that safety is the most crucial

factor for the selection of a rolling stock maintenance strategy.

P.D.F. Conradie and N.F. Treurnich in their Proceedings (P.D.F. Conradie 1, N.F. Treurnich
2, 2012), said that Rolling stock is maintained according to maintenance plans with a major
goal being the prevention of in-service failures, but due to the nature of the equipment not all
failures can be prevented. In-service failures normally result in train delays or the cancellations

of trains not only disrupting commuter services but also causing financial losses.

A rolling stock failure may cause delays and disruptions to transport services or even result in
catastrophic derailment accidents (Fateme Dinmohammadil Babakalli Alkalil Mahmood
Shafiee2 Christophe Berenguer3,4 Ashraf Labib5, 2016).

N. Wilson, C.J. Fourie & R. Delmistro said in (N. Wilson1#, C.J. Fouriel* & R. Delmistro2,
2016) said thatrailway systems can pose complex problems for the scheduling and operation
of trains. A passenger rail service’s first priority is to provide a punctual and safe transport
service to its customers. But doing so is a major challenge for rail network operators, as
disruptions are inevitable, especially in densely-populated networks. Disruptions can be caused
not only by infrastructure or rolling stock breakdowns, but also by maintenance activities, new
rolling stock, or new train services. Managing these disruptions and predicting the extent of its

effects is a crucial part of rail network operation.

2.1 Light rail transit

Light rail transit is a mode of urban transportation that uses predominantly reserved, but not
necessarily grade-separated, rights-of-way. Electrically propelled vehicles operate singly or in
trains. Light rail transit provides a wide range of passenger capacities and performance
characteristics at moderate costs (Loins J. GAMBACCINI, WAYNE Mint, THOMAS B.
DERN, May 8-11, 1988). The American Public Transportation Association (APTA), in its
Glossary of Transit Terminology, defines light rail as a mode of transit service (also called
streetcar, tramway, or trolley) operating passenger rail cars singly (or in short, usually two car
or three-car, trains) on fixed rails in right of- way that is often separated from other traffic for
part or much of the way. Light rail vehicles are typically driven electrically with power being

drawn from an overhead electric line via a trolley [pole] or a pantograph; driven by an operator
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on board the vehicle; and may have either high platform loading or low-level boarding using

steps” .

Depending on local needs, city size, low availability, and financing Capability, LRT systems

can be developed to serve three principal classes of urban travel:

e Line haul transit from city or suburban residential areas to central business districts and
other employment zones;

e Feeder service to rapid transit or commuter rail; and

e Local area transit within a portion of an urbanized area or activity centre, including
central business districts distribution (Loins J. GAMBACCINI, WAYNE Mint,
THOMAS B. DERN, May 8-11, 1988).

An important factor crucial to LRT is the train operator. Unlike rail rapid transit, which can
travel unattended under automatic train operation, safe, high-quality LRT operation relies on a
human operator as a key element. The reason that the operator is so important is because the
train tracks often share the streets with automobiles, other vehicles, and pedestrians. If trains
were fully automated on roads, nobody would be there to stop the train if a car pulled in front
of it. Light rail trains are actually very securely built for passenger safety, and to reduce damage

from impacts with cars.

About its power sources, overhead lines supply electricity to the vast majority of light rail
systems. This avoids the danger of passengers stepping on an electrified third rail. The
Docklands Light Railway uses an inverted third rail for its electrical power, which allows the
electrified rail to be covered and the power drawn from the underside. Trams in Bordeaux,
France, use a special third-rail configuration where the power is only switched on beneath the
trams, making it safe on city streets (Anon., n.d.).

2.2 Rolling stock
Railway rolling stock comes in a variety of forms; passenger types and freight ones. The most

common types of passenger services railway rolling stock are described below:

Locomotives; The sole purpose of locomotives is to pull or push trains; they carry no
passengers or freight. Locomotives are distinguished by the prime mover or energy source used
to propel them. Modern locomotives are either electric or diesel-electric. Electric locomotives

draw power from an overhead wire or third rail, and use electric motors to turn the wheels. The
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prime-mover is a transformer on the locomotive that converts the overhead electricity to the
type of electricity needed in electric traction motors that turn the wheels. Instead of a
transformer, diesel-electric locomotives use a diesel engine to drive an alternator and generate
electricity that powers traction motors that turn the wheels. Some diesel locomotives use a
hydraulic torque converter rather than electric motors—these are referred to as diesel-hydraulic
locomotives. Older generation steam locomotives, powered by coal, oil, or wood, are now used

only in tourist operations or for occasional work on smaller railways or in museums.

Passenger rolling stock; A Passenger Rolling Stock (known as a coach or carriage in the UK,
and also known as a bogie in India) is a piece of railway rolling stock that is designed to carry
passengers. “Multiple-unit” passenger rolling stock is an important category, with two basic
types— electric multiple-units, and diesel multiple-units. The Multiple Units (MU) equipment
has no locomotive; multiple cars can be connected and operated from a single location. Some
multiple-unit cars have powered axles; the unpowered vehicle towed by a powered vehicle are
called ‘trailer’ cars. Typically, the first car has a driver’s station and accommodates passengers.

Multiple unit equipment is popular for many reasons.

e MU trains can respond to changes in demand levels because cars can be added to or
dropped from a train.
e MU trains can be driven from either end so two person crews can quickly prepare for return

trip, making MUs popular for commuter services.

e MU trains offer more passenger space per track length, since they operate without a

locomotive.

e MUs distribute traction and braking power throughout the train, achieving higher power-to-
weight ratios, and greater acceleration and braking rates. The MUs’ flexibility and design
characteristics are also ideal for high-speed train services because higher power levels are

needed to overcome aerodynamic drag (Bank, n.d.).

Freight rolling stock, Freight railways carry only goods as opposed to passengers’ ones.
they'll include bulk materials, rail cum road container, special materials or freight in special
wagons, general merchandise, autos, even every now and then animals. Normally a train is
made with one or multiple locomotives with variety of wagons and moves as a unit from
origin to destination (SUMANT CHAK, 2015).

10
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2.2.1 Rolling stock components

A railway rolling stock is usually composed of two main parts, namely car body and bogie
parts, each consisting of different components and each performing certain essential
function(s).

— Door unit, the train doors are ‘‘opened and ‘‘closed’’ at each station to allow passengers to
enter or leave the coach.

— Scroll compressor It is a certain type of compressor used for Heating ventilation and air
conditioning and brake systems to compress air.

— Bogie It is a framework carrying either four or six wheels attached to the coaches it is of two
types which are Motor bogie and Trailer bogie.

— Pantograph It is a device mounted on the roof of the train to collect electric current from
overhead lines.

— Coupling system, A coupler is a device used for connecting rolling stocks in a train.

— Braking unit It is used in order to decrease velocity of trains, enable deceleration, control
acceleration and

keep them fix when parked.

— Air spring suspension It gives a better ride and the pressure can be adjusted automatically to
compensate for additions or reductions in passenger loads.

— Heating ventilation and air conditioning, it provides fluid air through the facility providing

either hot or cool air dependent on the desired temperature.

11
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Figure 3: Rolling Stock Components (Bank, n.d.).

2.3 Maintenance
Maintenance and related terms are defined in the EN 13306:2001 standard

Maintenance is the combination of all technical, administrative and managerial actions during
the life cycle of an item intended to hold it in, or reinstate it to, a state in which it can perform
the required function. Observe that, according to this definition, maintenance is to assure the

function of an item. Improving or changing the function of an item is not maintenance.

The scope of maintenance in a manufacturing environment is demonstrated in its frequent
meanings. Maintenance includes engineering decisions and associated actions that are
necessary for the optimization of detailed equipment capability, where capability is the ability
to perform a specified function within a variety of performance levels that may tell to size, rate,

quality, safety and responsiveness.

Kelly states that the objective of maintenance is to achieve the agreed output level and

operating pattern at a minimum resource cost within the constraints of system condition and
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safety (John Kelly* and Ray Richardsont, 1988). The wanted production output is attained
through high accessibility, which is influenced by equipment reliability, maintainability and
maintenance supportability (EN 13306:2001). Finally, maintenance is also partially
responsible for practical schemes’ safety and for guaranteeing that the plant remains in

respectable condition (J.K. Visser and M.W. Pretorius, 2003).

Maintenance must confirm the essential reliability, availability, efficiency and capability of the
entire production system. It will confirm system life by keeping the equipment in respectable

condition.

Usually, greatest maintenance professionals have combined numerous techniques, both
quantitative and qualitative, in an effort to identify failure styles and mitigate stoppage in
manufacturing facilities. But the increase of new linked technologies can enable machines to
do these tasks for them, both maximizing the valuable life of machine mechanisms while still

evading machine failure.

Nowadays, deprived maintenance policies can reduce a plant’s general productive volume
between 5 and 20 percent. Current studies also show that unintended stoppage prices industrial
manufacturers an estimated $50 billion each year. It can be hard to regulate how frequently a
machine would be taken down to be repaired as well as evaluate the dangers of lost production
time against those of a likely failure. Traditionally, this dilemma forced greatest maintenance
administrations into a trade-off condition wherever they had to select among maximizing the
valuable life of a part at the risk of machine downtime, trying to maximize uptime through
early replacement of potentially good parts, or, in some cases, using past knowledge to try to
anticipate when Traditional components of a maintenance program often fall into four

categories, each with its own series of challenges and benefits (figure 3):
Reactive maintenance

Planned maintenance

Proactive maintenance

Predictive maintenance

The fourth component, predictive maintenance (PdM), has become likely using smart,
connected technologies that bond digital and physical possessions. While PdM is not a new

idea, the enormous investments in technology typically needed to handle the massive capacities
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of data required often limited disposition to only the principal organizations. Today, the high
accessibility and low cost of digital technologies, coupled with the rise of the digital supply
network, have made it possible for PdM to scale on a broad level across facilities and organi-

zations of all sizes.
Reactive maintenance

Reactive maintenance (also known as breakdown maintenance) denotes to repairs that are done
when equipment has previously broken down, in order to reinstate the equipment to its usual
working condition. In a purely reactive maintenance strategy, assets are fixed or replaced after
they fail. In result, the policy looks rearward rather than onwards — ‘after the event’

maintenance. A purely reactive maintenance policy has the subsequent structures:

¢ maintenance prioritization is rule-based, for example on the severity of the significances of

asset failure, but does not reflect the up-to-date risks of asset failure
¢ very high asset maintenance costs
¢ very high asset replacement costs

¢ very high significance costs due to, for example, pollution, flooding and service interruption,

and fines from controllers for breaking environmental bounds or service marks

¢ takes much longer than proactive maintenance.

, ©)
T
PREDICTIVE

;’ . PROACTIVE Advanced analytics and
PLANNED Defect elimination to | S€Nsing data to predict
e el improve performance machine reliability

Eix when broken maintenance activities

Reliability: OEE and uptime

Levell Level Il Level Il Level IV

Figure 4: Maintenance strategy continuum
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2.3.1 Maintenance and its impact

Maintenance is very important to make sure that plants or equipment are available, reliable,
maintainable, and operable. Although this can be important some kinds of maintenance which
is applied when equipment fail, can reduce the provision because it takes time to be repaired.

The net result sort of maintenance management is higher maintenance cost and lower
availability of process machinery. Scheduling the repair provides the flexibility to reduce the
repair time and associated labour costs. It also delivers the means of dropping the negative

influence of expedited deliveries and missing production.

The problem with preventive or maintenance is that the mode of operation and system or plant-
specific variables directly affect the traditional operating lifetime of machinery. The common
premise of predictive maintenance is that regular monitoring of the mechanical condition of
machine-trains will make sure the maximum interval between repair and minimize the amount
and it’s the means of improving productivity, product quality, and overall effectiveness of

manufacturing and production plants.

A predictive maintenance program can minimize unscheduled breakdowns of all mechanical
equipment within the plant and make sure that repaired equipment is in acceptable mechanical
condition. The program may identify machine-train problems before they become serious.
Most mechanical problems are often minimized if they're detected and repaired early (Mobley,
2004).

2.3.2 Maintenance and operation

Operations and Maintenance are the choices and activities concerning the control and
maintenance of stuff and equipment. These are comprehensive, but not partial to, the following:
Activities attentive on scheduling, actions, and effort/systems control and optimization; and
Act of routine, preventive, predictive, scheduled and unscheduled actions meant at preventing

equipment failure or weakening with the goal of growing efficiency, reliability, and safety.

Operational Efficiency represents the life-cycle, cost-effective mix of preventive, predictive,
and reliability-centred maintenance technologies, coupled with equipment calibration,
tracking, and computerized maintenance management capabilities all targeting reliability,

safety, occupant comfort, and system efficiency.

Operations
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Administration — to make sure effective implementation and control of operation activities.
« Conduct of Operations — to make sure efficient, safe, and reliable process operations.
* Equipment Status Control — To remember of status of all equipment.

* Operator Knowledge and Performance — to make sure that operator knowledge and

performance will support safe and reliable plant operation.
Maintenance
» Administration — To guarantee real application and control of maintenance actions.

» Work Control System — To control the act of maintenance in a well-organized and safe way

such that economical, safe, and reliable plant operation is improved.
» Conduct of Maintenance — To conduct maintenance in a safe and well-organized way.

* Preventive Maintenance — To give to finest act and reliability of plant organisations and

equipment.

» Maintenance Procedures and Documentation — To provide instructions, when suitable, for

the performance of work and to guarantee that maintenance is done safely and professionally.

The necessity for maintenance is recognised on real or pending failure — rather, maintenance is
accomplished to retain equipment and systems running capably for at least design life of the
essential(s). As such, the everyday operation of a component is time-based purpose. in the
figure 3 the Y axis represents the failure rate and the X axis is time. From its form, the curve

can be separated into three discrete: infant mortality, useful life, and wear-out periods.

Fallure Rate A(t)

5> <>

Infant : ; . Wearout
Mortality Useful Life Period | Period
Decreasing : Constant Failure Rate : Increasing
Failure Rate Failure Rate

Figure 5: Component failure rate over time for component population
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The initial infant mortality period of bathtub curve is characterized by high failure rate followed
by a period of decreasing failure. Many of the failures associated with this region are linked to
poor design, poor installation, or misapplication. The infant mortality period is followed by a
nearly constant failure rate period known as useful life. There are many theories on why
components fail in this region, most acknowledge that poor O&M often plays significant role.
It is also generally agreed this period. The wear-out period is characterized by a rapid increasing
failure rate with time. In most cases this period encompasses the normal distribution of design

life failures.

The design life of most equipment requires periodic maintenance. Belts need adjustment,
alignment needs to be maintained, proper lubrication on rotating equipment is required, and so
on. In some cases, certain components need replacement, (e.g., a wheel bearing on a motor
vehicle) to ensure the main piece of equipment (in this case a car) last for its design life.
Anytime we fail to perform maintenance activities intended by the equipment’s designer, we
shorten the functioning life of the equipment. But what options do we have? Over the last 30
years, diverse methods to how maintenance can be achieved to guarantee equipment grasps or
exceeds its design life have been established in the United States. In accumulation to waiting
for a piece of equipment to flop (reactive maintenance), we can utilize preventive maintenance,
predictive maintenance, or reliability centred maintenance (G. P. Sullivan(a), R. Pugh, A. P.
Melendez, W. D. Hunt, 2010).

2.3.3 Maintenance and performance

From the perspective of the maintenance manager, maintenance resources are finite, and
usually below the level they should be. Production stoppages, breakdowns, power stoppages,
shortage in manpower, lack of materials (supply), demand (external) and others business

factors, directly or indirectly affect the level of production.

In the past, operating ratios were considered to be adequate indicators of maintenance
performance. In this context, most commonly used ratios include maintenance cost ratio to the
plant area, maintenance cost ratio to the number of people directly employed, and maintenance
cost ratio to the number of units produced. The limitation of these ratios is that they were

dependent on each specific plant for which they were developed.
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2.3.4 Maintenance organization

The mission of maintenance in a world-class organization is to achieve and sustain optimum
availability even if too many maintenance organizations continue to pride themselves on how
fast they can react to a catastrophic failure or production interruption rather than on their ability
to prevent these interruptions. While few will admit their continued adherence to this
breakdown mentality, most plants continue to operate in this mode. Contrary to popular belief,
the role of the maintenance organization is to maintain plant equipment, not to repair it after a
failure (Mobley, 2004).

Some of maintenance organization goals are listed below:

2341 Optimum Availability

The production capacity of a plant is, in part, determined by the availability of production
systems and their auxiliary equipment. The primary function of the maintenance organization
is to ensure that all machinery, equipment, and systems within the plant are always on line and
in good operating condition.

2.3.4.2 Optimum Operating Condition

Availability of critical process machinery is not enough to ensure acceptable plant performance
levels. The maintenance organization has the responsibility to maintain all direct and indirect
manufacturing machinery, equipment, and systems so that they will be continuously in
optimum operating condition. Minor problems, no matter how slight, can result in poor product

quality, reduce production speeds, or affect other factors that limit overall plant performance.

2.34.3 Maximum Ultilization of Maintenance Resources

The maintenance organization controls a substantial part of the total operating budget in most
plants. In addition to an appreciable percentage of the total plant labour budget, the
maintenance manager, in many cases, controls the spare parts inventory, authorizes the use of
outside contract labour, and requisitions millions of dollars in repair parts or replacement
equipment. Therefore, one goal of the maintenance organization should be the effective use of

these resources.
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2344 Optimum Equipment Life
One way to reduce maintenance cost is to extend the useful life of plant equipment. The
maintenance organization should implement programs that will increase the useful life of all

plant assets.

2.3.4.5 Minimum Spares Inventory

Reductions in spares inventory should be a major objective of the maintenance organization.
However, the reduction cannot impair their ability to meet goals 1 through 4. With the
predictive maintenance technologies that are available today, maintenance can anticipate the
need for specific equipment or parts far enough in advance to purchase them on an as-needed

basis.

2.3.4.6 Ability to React Quickly
Not all catastrophic failures can be avoided. Therefore, the maintenance organization must

maintain the ability to react quickly to the unexpected failure.

The principal goal of the maintenance organization is always to improve the availability. This
means that the machines / equipment must continue to operate as expected during planned
operations. To succeed, the maintenance organization requires a clear vision and strategy with
established procedures and goals. Here, Mikael Andersson, Project Manager at MaintMaster,
gives some tips on how to build up your work through the European standard EN13306:2017

to ensure a stable and sustainable work approach to your maintenance organization.

Start by generating a clear set of goals to improve the operational reliability of a facility, i.e. to
operate as expected during planned operations, the organization needs to develop a clear vision
of what it wants to achieve with its maintenance and formulate a strategy for how to get there.
A maintenance vision must obviously support the company’s overall vision and long-term
goals that the organization needs to actively work towards as a way of ensuring greater
operational reliability. Strategy is a plan for how the organization is to achieve this vision,
while the policy is a statement of intent and a guideline to regulate decisions and achieve the
desired goals.

“One example of a maintenance strategy could be to achieve more effective production through

preventive and condition-based maintenance. It is important that as part of your daily work you
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also focus on long-term factors such as root cause analyses in corrective maintenance to

eventually increase the planning level, thereby ensuring cost effective maintenance.”

2.3.4.7 Evaluation of the maintenance organization

One means to quantify the upkeep philosophy in your plant is to analyse the upkeep tasks that
have occurred over the past two to 3 years. Attention should be to the indices that outline
management philosophy.one in all the simplest indices of management attitude and therefore
the effectiveness of the upkeep function is that the quantity of production disruptions caused
by maintenance-related complications. If production delays represent over 30% of total
production hours, reactive or breakdown response is that the dominant management
philosophy. To be competitive in today’s market, delays caused by maintenance-related

problems should represent but 1% of the entire production hours (Mobley, 2004).

Another indicator of management effectiveness is that the amount of maintenance overtime
required to take care of the plant. in a very breakdown maintenance environment, overtime cost
may be a major negative cost. If your maintenance department’s overtime represents over 10%

of the entire labour budget, you actually qualify as a breakdown operation.

Special projects and therefore the 1% of delays caused by machine failures will force some
expenditure of overtime premiums, but these abnormal costs should be a tiny low percentage
of the total labour costs as Manpower utilization is another key to management effectiveness.
Evaluate the proportion of maintenance labour as compared with total available labour hours

that are expended on the particular repairs and maintenance prevention tasks (Mobley, 2004).

Maintenance structure is presented here below:
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2.3.5 Life Cycle Cost Analysis (LCCA)

%

Other NDT,

Figure 6: Structure of maintenance (Mobley, 2004).

MAINTENANCE
IMPROVEMENT PREVENTIVE CORRECTIVE
(MI) (PM) (CM)
Reliability-driven Equipment-driven Predictive Time-driven Event-driven
Modification Self-scheduled Statistical analysis Periodic Breakdowns
Retrofit Machine-cued Trends Fixed intervals Emergency
Redesign Control limits Vibration monitoring Hard time limits Remedial
Change order When deficient Tribology Specific time Repairs
As required Thermography Rebuilds
\/\ Ultrasonics \/\ \/\

Life-cycle analysis could be a method of determining the whole cost of a structure, product, or

component over its expected useful life. The price of operating, maintaining, and using the item

is added to the acquisition price. For items that last longer than a handful of years, this can be

amore realistic way of evaluating cost than simply viewing the acquisition price (USDA Forest

Service, 2013).
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Construction Operation and
costs maintenance costs

Figure 7: 1—Over 30 years, the cost of operation and maintenance for buildings is more than

the initial construction cost.

As the chart below illustrates, over 30 years of a building’s life, the present value of

maintenance, operations, and utility costs is nearly as great as the initial project costs.

Maintenance

$3.9 corvice
Utilities 6% ¢74

$18.3 4%  System
28% Replacements

$2.9
4%

Initial Project Cost
$37.7
58%

Figure 8: over 30 years of a building’s life, the present value of maintenance, operations, and

utility costs is nearly as great as the initial project costs.
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2.3.6 Maintenance cost

Maintenance cost or maintenance related costs in general are usually divided into direct and
indirect cost without putting maintenance savings and profit into consideration (Ingwald, 2009)
include cost that are connected with in-house and out-house (outsourcing) maintenance
activities. Al-Najjar and Alsyouf further refer to direct maintenance costs as costs associated
directly to the maintenance activities, which include the internal costs that are required to carry
out the maintenance functions e.qg. labour, tools, spare parts, training etc. and other maintenance

expenses that are directly related.

Indirect costs on the other hand includes all costs that are indirectly related or associated with
maintenance, which can be attributed to issues like profit loss due to production losses during
planned and unplanned stoppages, customer losses, reputation and consequently loss of market
share as a result of maintenance related factors. In addition, indirect maintenance costs includes
performance inefficiency costs due to short stoppages and reduced speed, poor quality cost due
to maintenance deficiency, idle fixed cost resources e.g. idle machine and idle worker costs
during breakdowns, delivery delays penalty cost as a result of unplanned down time, assurance
claim from dissatisfied customers as a result of maintenance related poor quality (Damjan
Maletic, Matjaz Maletic, Basim Al-Najjar, Bostjan Gomiscek, 2014).

2.3.7 Maintenance Function Deployment

Appropriate maintenance of plant equipment and machineries significantly reduces overall
operating cost of manufacturing. Additionally, it contributes to customer satisfaction through
desired quality and on time delivery. Deterioration and failure of systems result to high costs,
due to production losses and delays, unplanned intervention on the system and safety hazards
(Rahul Baidyal & Prasanta Kumar Deyl & Sadhan Kumar Ghoshl &Konstantinos Petridis2,
2016). From that it is good to have appropriate maintenance strategies to prevent failures.

The importance of preventive and planned corrective maintenance is that these two systems are
primarily responsible for moving organizations from a reactive mode to a proactive mode. In
order to address preventive maintenance, though, we have to spend time focusing on preventive
maintenance. In order to address corrective maintenance, we likewise have to focus our
attention on corrective maintenance. At the same time, we must also respond to emergency
work. Preventive, planned corrective and emergency work has an egalitarian relationship; they

pull equally against our resources and we act in kind by trying to cover all the bases while in a

23



Impact of rolling stock maintenance practices on LRT operational performance
Case of Addis Ababa
Literature review

crisis mode. We must, however, be prepared to and structured to address all three at the same

time.

Consider your structure. Complete this simple paper-work exercise with your maintenance

supervisors; answer these three questions:
*Are we completing all PMs on time, every time?

*Are we responding to all emergency work requests without pulling someone from scheduled

maintenance or deferring preventive maintenance?
«Are we completing every corrective maintenance or routine maintenance work order within 6
months?

If you cannot answer yes to each of these questions, maybe you need to re-organize to bring

your reactive, preventive, and corrective work under control through a different maintenance

structure. If so, | suggest that you Do It Now (John L. Ross, 2019)!

2.3.7.1 Useful key performance indicators

For the effective management of maintenance operations, it is vital to measure what we do,
how much we do and how well we do it. For this to be possible, you will need to identify a few
key performance indicators. The standard identifies 71 key performance indicators that are

defined in three various categories: financial, technical and organizational indicators.

Once you have determined the key performance indicators you want to apply, it is important
to use the indicators that adds value to maintenance activities and demonstrate progress over
time. Choose an overall key performance indicator for each of the following areas, financial,
technical and organizational, and indicators that all staff can relate to. Then expand the level
of key performance indicators with time when you have achieved a solid foundation in your
organization. Implement European standards in the maintenance system. Once you have
decided on your goals, strategies and work approaches, it is important that the structure of the

maintenance system follows the same common thread.

2.3.8 Types of maintenance used in railway industries
Maintenance activities can be grouped and categorized in deferent ways. The classical way is
to distinguish between preventive and corrective maintenance, but as will be shown, this

distinction can be hard to make and is somewhat less appropriate when discussing planning
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problems. Maintenance organizations often make a more practically oriented categorization

into diagnostic and restoring actions.

2.38.1 Preventive vs corrective.

The European standard EN 13306 for maintenance terminology divide maintenance into the
term’s preventive and corrective maintenance, for work taking place before and after a fault
has been detected. Preventive maintenance is further divided into condition-based and
predetermined maintenance, where the former uses measurements and inspections to determine
when actions are needed and the latter uses fixed maintenance intervals/schedules. In addition
to these categories Trafikverket uses the term operational maintenancel for activities that
handle normal operational conditions, although these activities are sometimes classified as

corrective maintenance.

This categorization is mostly used for contractual, budgetary and follow up reasons, but
unfortunately the distinction can be somewhat arbitrary.

Some examples of typical activities are as follows:

% Preventive

e Condition-based: measurements and inspection, grinding, tamping etc.

% Predetermined: exchange of components such as light bulbs, batteries, signalling relays
etc.

% Corrective: fixing short circuits, repairing broken fasteners, welding, work after

accidents etc.

¢+ Operational: snow removal, handling slippery rail etc.

2.3.9 Rolling stock maintenance
Rolling stock is the greatest maintenance rigorous part of the railway system and therefore, the
most susceptible if maintenance is mistreated. Maintenance of the rolling stock is a result of its

wear and tear, technical defects and accidents along the railway line and within the workshop.

A stalled train will block a railway immediately and will reduce a timetable on an intensively
used system to an unmanageable shamble for the remainder of the day. Reliability is the key
to successful railway operation and maintenance should be the number one priority to ensure

reliability is on-going. The objective of maintaining the rolling stock is to ensure that the asset
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continues to function and meet the required quality standards throughout the anticipated life or

even beyond the original design life.

Subject to usage, environment and aging, conditions of components deteriorate with time.
Regular maintenance has to be carried out to restore their conditions and prevent them from
failure. However, the decisions on the suitable length of maintenance intervals often lead
railway operators to the dilemma of minimising both risk of failure and operation cost,
Maintenance is essential to restore system conditions and keep the operation free of disruption
due to outage. (T.K. Hol, Y.L. Chil, L. Ferreira2, K.K. Leung3 and L.K. Siu4, 2006). The
importance of the maintenance purposes and maintenance administration has greatly grown in
all sectors of manufacturing and service organizations. The principal reason for this growth is
the continuous expansion in the capital inventory, the necessities for the running of schemes
and the subcontracting of maintenance (O.0. Asekunl & C.J. Fourie2*, May 2015 Vol ).

Rolling stock has a huge consequence on the service level of the system because the service
level of the rail system is directly proportional to the safety and comfort of the passengers. In
order to achieve the required service level, the quality of the rolling stock performance needs
to be improved continually and this can be achieved with proper maintenance. A train is also
classified as rolling stock and it comprises of several rail vehicles connected in series. The
combination of these vehicles is complex, but can be redistributed and reconfigured to include
embedded systems, which are combined together to provide a high-quality transportation
service. Rolling stock maintenance has been categorized generally into Corrective maintenance

(CM) and preventive maintenance.

Nevertheless, these maintenance strategies have been found to be ineffective. Majority of
maintenance activities in rolling stock companies are directed towards preventive maintenance,
which often leads to incorrect maintenance work, frequent down time, unnecessary
maintenance tasks and often reverts to CM or breakdown maintenance. Given this scenario,
rolling stock industries need to be able to manage these strategies effectively by creating
efficient schedules to perform the selected maintenance strategy.

Historically, the rail industry’s maintenance regime is to service trains on a time or mileage
basis. Though this approach has been used successfully for many years, it does not take account
of whether parts actually need replacing. Inspection can only take place when trains aren’t
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running, and maintenance actions require rolling stock to be taken out of service, or lines to be

closed for extended periods.

2.3.10 Railway operations and performance

Railway has long been one of the most important modes of public transportation. It serves as
an important means for transporting both passengers and freight. Ever since its first appearance
in the 1800s, railways worldwide have prospered with a lot of innovations and engineering

breakthroughs.

Apart from being a vital part of the public transport around the world, railways also help
support economic growth, manage road congestion, and combat climate change. With its
connectivity and universal access, railways serve not only as a means of transportation, but

also as a modern national identity for customers (Fiona Preston and Peter Jones, 2012).

With rapid economic growth and social development, there has been a high demand for more
train paths and services, in developing strategies for railway performance improvement, the
first step is to adopt an effective approach for the evaluation of performance. There have been
a number of methods applied for performance evaluation in the railway industry, such as the
measurement of effectiveness and efficiency, customer satisfaction and service quality

measures.

The usual way railways manage their performance is through carefully designed plans of
operations, followed by real-time policies to manage disturbances. Railway planning involves
a number of steps from prediction of traffic demand to the control of daily operations. In this
process, trade-offs are required to balance between traffic demand and provided services, to

achieve both high customer satisfaction and smooth operations.
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Figure 9: The railway planning and operation process (Lu, 2016).

Strategic planning is concerned with strategic, fundamental policy decisions regarding the
capability of the railway network to meet future demand. In this phase major investments and
long-term planning are engaged such as construction of new lines, hiring and training new
staff and amending operational rules. The time horizon is often several years. Through
management of capacity and resources, strategic planning aims at delivering the sufficient

structure of train services to meet market requirements.
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Tactical planning deals with intermediate phase management which translates strategic
decisions into specific plans relevant to each area of operation. With tactical planning,

schedules for rolling stock and crew are planned alongside timetables.

Operational control thinks about with short-term management of traffic and operations. The
strategies are performed to form weekly timetable plans, and to deal with rescheduling during
disruptions and disturbances on a day-to day basis (Lu, 2016).

Rolling stock operation

In addition to periodic equipment maintenance and training to improve the accuracy of
operations, rapid response to unexpected vehicle problems and operational delays is essential
to achieve stable, highly punctual railway transportation services. As such, timetables and
vehicle/ crew schedules for the day’s train services must be adjusted depending on the

operating state.

To be able to adjust the vehicle operation schedules for the day’s train services in response to
train service problems, an operator must make quick decisions while considering a wide range
of information such as of operating state predictions, vehicle conditions, and crew member
locations (TOMOE TOMIYAMA,1 TATSUHIRO SATO,1 TOMOHIRO MURATA,2
SHIGEKI IWAMURA,1 and OSAMU SAKAMOTO1, 2017).

Railway companies are required by law to operate through scheduling patterns to create
schedules that can compete with manual schedules. These patterns can represent experiences

by rolling stock managers like the rotations of train routes.

Japanese laws require railway companies to regularly inspect their rolling stock at stated
intervals to ensure safe transportation, which are based on running distances and inspection
periods. Each railway company manages their rolling stock by creating schedules of rolling
stock operations and checking the results. The schedules for rolling stock operations define the
assignments of cars to trains and the dates of inspections. The schedules for rolling stock
operations are based on train timetables. Once transport disorders occur, the schedules are
changed. As a result, the running distances of individual trains differ from those that are
planned, and some trains finish operations at unscheduled stations. Railway companies have to
recreate their schedules in these cases for the days after transport disorders occurred.

Rescheduling requires a lot of time because these schedules are manually prepared to ensure
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consistency with relevant departments such as departments for inspection, those for planning
train timetables, and those for crew management. The rate of change in schedules has to be low

to reduce the time and labour spent in rescheduling (T. Tomiyamal, 2012).

A set of timetabled train trips (each with a departure time, a departure station, an arrival time,
and an arrival station) to be performed every day of the considered planning horizon is given.
Each trip has a demand of passenger seats, which represents the estimated number of
passengers traveling on the trip. The train operator has a set of available train units (self-
contained trains with an engine and a set of wagons with passenger seats), each with a cost,
and a capacity representing the number of available passenger seats. The train units can be
combined to satisfy the passenger seat demand, but a maximum number of train units, equal to
two in our real-world application, can be assigned to each trip (Valentina Cacchiani,a Alberto
Caprara,a,* Paolo Totha, 2019).

2.4 Literature review summary

Rolling stock is the most maintenance intensive part of the railway system and therefore, the
most vulnerable if maintenance is neglected. its failure may cause delays and disruptions to
transport services or even result in catastrophic derailment accidents, maintenance planning
and optimisation of preventive maintenance can be made more effective, which can decrease

interruptions of train operation, reduce costs and ensure safety.

A passenger rail service’s first priority is to provide a punctual and safe transport service to its
customers. But doing so is a major challenge for rail network operators, as disruptions are
inevitable, especially in densely-populated networks. Disruptions can be caused not only by
infrastructure or rolling stock breakdowns, but also by maintenance activities, new rolling
stock, or new train services. Managing these disruptions and predicting the extent of its effects

is a crucial part of rail network operation.

Light rail as a mode of transit service (also called streetcar, tramway, or trolley) operating
passenger rail cars singly (or in short, usually two car or three-car, trains) on fixed rails in right
of- way that is often separated from other traffic for part or much of the way. Light rail vehicles
are typically driven electrically with power being drawn from an overhead electric line via a
trolley [pole] or a pantograph; driven by an operator on board the vehicle; and may have either

high platform loading or low-level boarding using steps” .
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Operations and Maintenance are the decisions and actions regarding the control and upkeep of
property and equipment. These are inclusive, but not limited to, the following: Actions focused
on scheduling, procedures, and work/systems control and optimization; and Performance of
routine, preventive, predictive, scheduled and unscheduled actions aimed at preventing

equipment failure or decline with the goal of increasing efficiency, reliability, and safety.

Rolling stock has a huge effect on the service level of the system because the service level of
the rail system is directly proportional to the safety and comfort of the passengers. In order to
achieve the required service level, the quality of the rolling stock performance needs to be
improved continually and this can be achieved with proper maintenance as its maintenance has
been categorized generally into Corrective maintenance (CM) and preventive maintenance. In
addition to periodic equipment maintenance and training to improve the accuracy of operations,
rapid response to unexpected vehicle problems and operational delays is essential to achieve
stable, highly punctual railway transportation services. As such, timetables and vehicle/ crew
schedules for the day’s train services must be adjusted depending on the operating state. to be
able to adjust the vehicle operation schedules for the day’s train services in response to train
service problems, an operator must make quick decisions while considering a wide range of
information such as of operating state predictions, vehicle conditions, and crew member

locations.

31



Impact of rolling stock maintenance practices on LRT operational performance
Case of Addis Ababa
Research Methodology

3 Research Methodology

This chapter intents at highlighting the various tactics that may be utilized when conducting a
study. It specifically addresses the research study area, research approach, research method
and data collection method. It further highlights the methods utilized in conducting this study

and their relevance to the study.

3.1 Research study area

Addis Ababa is the capital city of Ethiopia among the ten largest cities in Sub — Saharan Africa,
founded in 1886 by Menelik Il of Ethiopia (Tolon, 2008), this capital city holds 527 square
kilometers of area in Ethiopia. The population density is estimated to be near 5,165 individuals
per square kKilometer available. The city is organized in to 10 sub cities and 116 weredas,
Expenditure on transport is 10% as About 4 million trips are generated on an average daily. A
large share of trip is by Walk (60%) Average trip length is 4.3 km; Average trip length of walk
is 1.5 km; Work and education are the predominate purposes of trips (32% and 47%

respectively).

It is where the African Union is and also hosts the headquarters of the United Nations Economic
Commission for Africa (ECA) and numerous other continental and international organizations.
Addis Ababa is therefore often referred to as "the political capital of Africa"” for its historical,
diplomatic and political significance for the continent. Addis Ababa lies at an elevation of
2,300 meters (7,500 ft), located at 9°1'48"N 38°44'24". The city lies at the foot of Mount Entoto
and forms part of the watershed for the Awash. From its lowest point, around Bole International
Airport, at 2,326meters (7,631 ft) above sea level in the southern periphery, the city rises to
over 3,000 meters (9,800 ft) in the Entoto Mountains to the north (AYNALEM, JUNE 2018).
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Figure 10: Addis Ababa general map (Anon., n.d.)

3.1.1 Addis Ababa City Transport

Public Transport is that the leading mode of transport of the town. There are many conveyance
service providers and among this Anbessa City Bus, Alliance, Sheger mass transport,
conveyance Service Enterprise (PTSE), Taxis, Highers, Lonchins and LRT (Light Railway
Transport) are the key players. increment combined with lack of efficient infrastructure,
disorganized land use and management, increase of private car ownership, inefficient
conveyance service and other related factors are a big bottle neck for the city’s transit
(NATNAEL MULATU, TEWFIK SULEMAN, MAIRUF SULEMAN, ADMASU
BANKSRA, ADMASU BANKSRA, 2019).

The city administration developed the city’s transport plan which consists of a public mass
transport (PMT) system and also light rail transit system (LRT); nevertheless, of these major

actions, the city’s remains faced with a big setback in satisfying the daily demand.
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3.1.1.1 The general objective of the Addis Ababa City Transport Policy
e To provide safe, efficient, comfortable, affordable, reliable and accessible transport
service for the urban dwellers.
e Toenable the sector to provide for the socio-economic development, good governance,
improve the livelihood of the society and adopt environmental protection of the city.
e To enhance the status of the city as international seat, by introducing seamless traffic
flow through modern traffic management system (ETHIOPIA, 2011).

3.11.2 Addis Ababa Light Rail

Addis Ababa Light Rail is a light rail transportation system in Addis Ababa, Ethiopia. It is the
first light rail and rapid transit in eastern and sub-Saharan Africa. A 17-kilometre line running
from the city centre to industrial areas in the south of the city opened on 20 September 2015,
inaugurated by Prime Minister Hailemariam Desalegn. Service began on 9 November 2015 for
the second line (west-east). The total length of both lines is 31.6 kilometres (19.6 mi), with 39
stations. Trains are expected to be able to reach maximum speeds of 70 km/h (43 mph) (Anon.,
2016).
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Figure 11: Addis Ababa light rail map (Waldemariam, 2015)

3.2 Research type - Qualitative Research

Qualitative research is the one involves collecting and analysing non- numerical data

and opposite of quantitative research, which involves collecting and analysing
numerical data for statistical analysis.

Interviews: personally, asking people questions in one-on-one conversations.

Researcher conducted unstructured interviews with employees in the office to learn
about their experiences and perspectives in greater detail.

Surveys: distributing questionnaires with open-ended questions.

Researcher distributed open-ended surveys to employees (Rolling stock engineers)
across the company herself to get responses for research questions.

Secondary research: collecting existing data in the form of texts, images, audio or

video recordings to understand concepts or respondent’s opinions as the researcher
did in this research.
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3.3 Data collection

Data collection is that the process of gathering and measuring information on variables of
interest, in a long-time systematic fashion that permits one to answer stated research questions,
test hypotheses, and evaluate outcomes. the info collection component of research is common
to all or any fields of study including physical and social sciences, humanities, business, etc.
While methods vary by discipline, the stress on ensuring accurate and honest collection remains
constant. The goal for all data collection is to capture quality evidence that then translates to
rich data analysis and allows the building of a convincing and credible answer to questions that
have been posed (Kabir, 2018.)

3.3.1 Data collection methods

3.3.1.1 Primary data

Primary data is that the data collected directly from the origin and Primary data collection is
that the process of gathering data directly from original sources. Even if there are different
types of primary data collection, in this study the used ones are questionnaires, and unstructured

interviews just to strengthen the study.

There are questions to be asked accordingly in order to able to get answers for research
questions especially question number one and question number two, the first one asking about
the types of maintenance which are being used at Addis Ababa Light Rail transit in rolling
stock department and the second one is about to know the influences lack of some tools or
machines in the workshop can have on its operational performance. and they are structured as

follow:
o What is the importance of having a maintenance department?
o What types of maintenance do you use?
o Do you have the outsourcing; subcontracting of maintenance?

Y ES/N0---mmmmmmmmmmmmmmmmmme

o How is LRT rolling stock performance measured?
o What performance indicators do you use?

o Is there any interruption caused by maintenance?
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o Do you have breakdown records?

= 1o) o[ [ —

o What failures occurred concerning the rolling stock (train door)?
o How long did it take to correct such failure?

o What was its cost; approximate?

o What was its effect on LRT performance during that time?

o How effective maintenance planning is?

o Do you have enough tools to perform maintenance operations?
Yes/no-----------------------

o Are you able to repair your own components?
Yes/N0o----------=-=-mmmmnmnmm

o What are the major reasons for not repairing some components?

o Summarize problems of maintenance in AALRT in order to find out the major ones

(vital few problems) as Efficient maintenance is a prerequisite for ensuring

economical and secure operations?

Sampling strategy/ method for questionnaires

Once the research question and the research design have been finalized, it is important to select
the appropriate sample for the study. The method by which the researcher selects the sample is
the Sampling Method or strategy. There are essentially two types of sampling methods: 1)
probability sampling — based on chance events (such as random numbers, flipping a coin etc.);
and 2) non-probability sampling — based on researcher's choice, population that accessible &
available.

In this research, the researcher's choice for choosing non-probability as she founds the

population accessibility and availability.

In AALRT rolling stock division there are different departments in which the research can draw

the population to collect data from and among them some have to be chosen accordingly. As
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this concerns the maintenance the decision made is to take sample from rolling railway
engineers; rolling stock engineers according to their flexibility as not all of them can provide

their time to answer questions they are asked.

Among others, to answer questionnaire question, rolling stock engineers are the one selected
to distribute questionnaires to because they first of all are the one who deal with maintenance
day per day even if there are technicians but their knowledge about maintenance theory is
different, in addition to that they also flexible compared to how managers can give their time

to fill questionnaires, Sample size is of nine (9) respondents.

The engineers also have knowledge and are the one in charge of maintenance; planning and
follow-up plus taking daily maintenance records. In operation section the one to deal with is

the operation manager as he is the one with all records taken from operation control centre.

Interview method will be used to support questionnaires as the questions are the same, it is
just to strengthen the research and increase its quality. Here the subject is about types of
maintenance and influence of lack of some tools and machines in the workshop, impact
maintenance has on the LRT operation performance, sample size is of 2 respondents; operation

manager and rolling stock manager.

3.3.1.2 Secondary data

The secondary data is data which is collected to support the primary data and as comparison to
other studies. When the information is collected by some other person for a purpose apart from
the researcher’s current project and has already undergone the statistical analysis is named as
Secondary Data. Reading related literatures about the topic, overall feature about railway
transport operation in Addis Ababa and maintenance furthermore has to be done in order to get

quality data.

Design data and facility concerning the study from Addis Ababa light rail transit office
reviewing manuals for light rail transit. The secondary data during this research will be
obtained from the Ethiopian Rail Corporation (ERC), AALRT Database about failures and

their effect on the train operation.
Collection of operation and maintenance data

Rolling stock operation and maintenance data will be collected from Ethiopian Rail corporation

database. The data will include rolling stock systems; components of rolling stock and critical
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ones among others means the ones which can affect LRT operation the most when they are not

maintained as it is intended to be.

The data will consist of preventive maintenance (PM), corrective maintenance (CM), train
delays and rolling stock structure data. The PM information includes inspections data and
rectification of inspection notes data. The CM data, also known as failure data, consist of urgent
inspection remarks reported by the maintenance contractor, as well as failure events and failure
symptoms identified outside the inspections, commonly reported by train drivers. The train
delay data, in turn, is the trains’ deviation in minutes from the time table at a given point,

recorded through the track circuits and signalling systems.

Those data will be helpful for calculating the train availability as it is depend on MTBF (mean
time between failure)Jand MTTR (mean time to restore) which include failure time,
communication time to dispatcher, ordering the technician to come to where failure takes place
and repair time; that means data has to include operation time and downtime in order to be able
to calculate uptime which will in turn reveal the impact maintenance can have on operation
performance especially corrective maintenance when this occurs on the mainline during
service. Preventive maintenance cannot affect the train operation during service as it is the

maintenance type which is done following maintenance timetable contrary to corrective one.

Table 1: Operation record for vehicle problems and corrections for 2015

Dates Delay time in minutes
20" September 2015 19

21° September 2015 5

22" September 2015 24

23" September 2015 5

25" September 2015 5

27" September 2015 7

29" September 2015 10

30" September 2015 1

1% October 2015 13
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39 October 2015 8
4™ October 2015 35
7" October 2015 6
10" October 2015 6
13" October 2015 38
25" October 2015 4
9" November 2015 4

Table 2: Operation record for vehicle problems and corrections for 2016

Dates Delay time in minutes
2" January 2016 4

3 January 2016 14

18" January 2016 16

20" January 2016 6

30" January 2016 29, trip cancelled
31% January 2016 2

18" February 2016 40

17" March 2016 5

23" March 2016 2

16" May 2016 2

17" May 2016 2

2" July 2016 4

26" July 2016 2

13" August 2016 16, trip cancelled
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20" August 2016 70
24" August 2016 3
3" September 2016 7
6" September 2016 9
8" September 2016 11
5™ October 2016 1
15" October 2016 3
16™ October 2016 4
17" October 2016 13
18" October 2016 2
25M October 2016 54
26™ October 2016 6
30" October 2016 1
31t October 2016 2, trip cancelled
1%t November 2016 3
13th November 2016 3
14™ November 2016 3
25" November 2016 3
1% December 2016 1
8" December 2016 8
22" December 2016 27
26" December 2016 36
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Table 3: Operation record for vehicle problems and corrections 2017

Dates Delay time in minutes
4" January 2017 13
11" January 2017 4
16" January 2017 5
17" January 2017 7
22" January 2017 5
28" January 2017 5
4" February 2017 6
5™ February 2017 4
7" February 2017 4
27" February 2017 4
1t March 2017 5
10" March 2017 8
16" March 2017 2
12" May 2017 6
16" May 2017 4
17" May 2017 10
24" May 2017 4
23" June 2017 12
27" June 2017 7
28" June 2017 10
5t July 2017 2
2" August 2017 5
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5t August 2017 15
8" August 2017 2
10" August 2017 2
12" August 2017 11
24" August 2017 4
29" August 2017 17
15" September 2017 4
3" October 2017 4
4™ October 2017 5
5 October 2017 4
15" October 2017 4
18" October 2017 8
19" October 2017 5
14" November 2017 2
17" November 2017 20
24" November 2017 2
20" December 2017 4
21t December 2017 7
22" December 2017 6
28" December 2017 7
29" December 2017 5
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Table 4: Operation record for vehicle problems and corrections 2018

Dates Delay time in minutes
ot January 2018 11

13" January 2018 4

18" January 2018 9

21%t January 2018 4

31%t January 2018 5

2" February 2018 4

10" February 2018 4

13" February 2018 6

4" March 2018 61, trip cancelled
29™ March 2018 30

30" March 2018 3

7™ April 2018 9, trip cancelled
17" April 2018 4

2"d October 2018 18

6™ October 2018 4

19" October 2018 10

20" October 2018 5

23" October 2018 15

26" October 2018 42

30™ October 2018 56

8™ November 2018 10

9™ November 2018 3
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11" November 2018 7
239 November 2018 7
4™ December 2018 5
7" December 2018 5
11" December 2018 5
12" December 2018 40
15" December 2018 7
20" December 2018 10
25" December 2018 2

Table 5: Operation record for vehicle problems and corrections 2019

Dates Delay time in minutes
2" January 2019 4

12™ January 2019 12

8" February 2019 11

ot February 2019 8

16" February 2019 4

20" February 2019 15

23" February 2019 30

24" February 2019 8

27" February 2019 4

28" February 2019 6

4™ March 2019 10

24" March 2019 45, trip cancelled
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30" March 2019 4

25" April 2019 24

15% June 2019 5

28" June 2019 36, trip cancelled
8™ August 2019 75

10" August 2019 28

14" August 2019 7

19" August 2019 7

31t August 2019 6

3" September 2019 46

18" September 2019 10

20" November 2019 4

23" November 2019 53

10" December 2019 3

20" December 2019 36, trip cancelled

3.4 Inspection conduction and results
The information was gathered from railway depot visitation concerning maintenance practices,

discussions and consultation with operation and rolling stock managers from AALRT.

Interviews and questionnaires were carried out focusing on how they operate; objectives and
planning maintenance strategies plus types of maintenance currently used, performance of
rolling stock and about outsourcing in maintenance. Then after, results from those survey

subjects will be evaluated.

3.5 Results evaluation
Here, further evaluation of results from interviews are conducted, and suggestions are proposed

looking on what is going to be found; in line with what is going to be found because the impacts
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of maintenance practices on light rail operation. Validity and reliability of result are measures

which will be wont to judge the standard of research result.

Reliability is that the consistency of your measurement, or the degree to which an instrument
measures constant way whenever it's used under constant condition with constant subjects. A
measure is taken into account reliable if a human score on constant test given twice is
comparable. It’s important to recollect that reliability isn't measured, it's estimated. There are

two ways in which reliability is typically estimated: test/retest and internal consistency.

Test/Retest Test/retest is that the more conservative method to estimate reliability. Simply put,
the thought behind test/retest is that you simply should get constant score on test 1 as you are
doing on test 2.

Internal Consistency, Internal consistency estimates reliability by grouping questions in an
exceedingly questionnaire that measure constant concept. For instance, you'll write two sets of
three questions that measure constant concept (say class participation) and after collecting the
responses, run a correlation between those two groups of three inquiries to determine if your

instrument is reliably measuring that idea.

Validity is that the strength of conclusions, inferences or propositions, best available

approximation to the reality or falsity of a given inference, proposition or conclusion.
Types of Validity: There are four forms of validity commonly examined in social research:

1. Conclusion validity asks is there a relationship between the program and also the observed
outcome? Or, during this research, the question is often is there a connection between the
wheeled vehicle maintenance practices and also the outcome which can be observed?

2. Internal Validity asks if there's a relationship between the program and also the outcome, is it
a causal relationship? For instance, will the rolling stock maintenance practices cause positive
or negative impact on LRT operation performance?

3. Construct validity is that the hardest to grasp in my opinion. It asks if there's there a
relationship between how | operationalized my concepts during this study to the particular
causal relationship I'm trying to study? Or during this thesis, will the rolling stock maintenance
practices reflect the construct of fine performance, and can measured outcome — positive or

negative impact- reflect the construct of Overall, what's trying to be done is to generalize the
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conceptualized treatment; maintenance and outcomes to broader constructs of constant
concepts.

External validity refers to the flexibility to generalize the results of this study to other settings.
During this thesis research, will the author generalize her results to other maintenance

practices?

3.6 Generalization of study results

In empirical research, generalization is an act of inferring from specific, observed instances,
such as those in a case setting, to general statements. Generalization is a type of inference that
leverages information and insights from the social facts that researchers measure — through
statistics, interviews, participant observation, archival research, and the like — to help explain
broader collections of social phenomena that they do not measure. This larger aspiration is

often described as the scope or domain of a study (Steinberg, 2015).

Generalizability is applied by researchers in an educational setting. It can be defined as the
extension of research findings and conclusions from a study conducted on a sample population
to the population at large. Because sound generalizability requires data on large populations,
quantitative research -- experimental for instance -- provides the best foundation for producing
broad generalizability (Jeffrey Barnes, Kerri Conrad, Christof Demont-Heinrich, Mary

Graziano, Dawn Kowalski, Jamie Neufeld, Jen Zamora, and Mike Palmquist, 2012).

3.7 Thesis research method

In this thesis, scientific and research methods were utilized in order to perform a comprehensive
report according to the use of the (electronic thesis, dissertation, or report) ETDR Word
Template.

This research will acquire case study methods as one among different research methods as it
focuses on single or multiple cases.

This study will be dealing with both descriptive and explorative approaches, the descriptive
approach of the study will look into the object of study (operational system); evaluation of the
effect of failures associated with the study object due to maintenance, thus, highlighting the
importance of maintenance implementation. The exploratory approach will look at ways
through which maintenance can be implemented in the study object; operation. It can then be
believed that this method is best for this study because as a researcher, i have little or no

influence over the object of study.
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Quantitative method will be mostly used to gather data from the case company through
interviews /questionnaire to key personnel at the case company; Ethiopian Railway
Corporation/ Addis Ababa Light Rail Transit service, observation and archival documents.
While the review of the literatures will be structured through literature survey, scientific
journals, articles and books relevant to this study as it is a continuous action done from the
beginning of the research.

In this thesis, validity and reliability are going to be accustomed test the standard of this thesis,
the discussion and analysis of the gathered data are going to be meted out carefully with key
personnel at the case company, Ethiopian Railway Corporation/ Addis Ababa Light Rail
Transit service. Thus, my conclusion is going to be supported the end result of the gathered

data from the case company, therefore increasing the reliability of the thesis.

3.8 Summary
The selected procedure decisions which enfold the methods and procedures employed in
scheming this thesis is briefed below in order to give the reader a clear overview of the methods

used:

Research study area Research approach Data Collection

e Quantitative (data) e Primary
e Secondary

Inspectl_on Results Generalization Thesis
conduction evaluation

and results

of study results research
method

Figure 12: Summary of research methodology
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4  Results and discussions

In this chapter, the gathered data from ERC — AALRT database, the participants via
questionnaires and semi-structured interviews have to be presented, analysed accordingly. The
main objective of the study is to study the impact of rolling stock maintenance practices on
Light Rail Transit operational performance. Data are analysed using Microsoft excel version

2013 licensed software.

4.1 Quantified operations analysis and its impacts
The collected data from ERC — AALRT database, the participants via questionnaires and semi-

structured interviews.

The failure data are between 20" September 2015- 31% December 2019, i.e. 3 years. Reported
number of failures is 154, with 9 % of the failures resulting in trip cancellation, i.e. 14 train-
door failures affect the operation in cancelling the trip. Figure 12 shows the train delaying
failures (downtime) happened from the start of AALRT operation; September 2015. Train
delay is the delay in minutes caused by failures, which in turn is recorded through the OCC

(operation control centre).

Table 6: Data combination and results

year uptime (min) | downtime(min) availability (%)
2015 116936 184 99.84
2016 351006 354 99.9
2017 351097 263 99.92
2018 350049 351 99.89
2019 349980 420 99.88
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Data combination and results
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Figure 13: train delaying failures happened from the start of AALRT operation

4.1.1 Operational availability

Rolling stock Availability is the ability of the rolling stock to be in a state to perform a required
transport function under a designed conditions at a specified instant of time or over a agreed
time interlude Assuming that the required external resources Such as no traffic disturbance, no
infrastructure damage or obstacle and no power interruption provided.

Operational availability (Ao) is the probability that the system will be ready or train for
operation in a real-life environment. This availability measure considers the total maintenance
downtime, i.e. both the active maintenance time and the time waiting for maintenance. Ao is
the preferred availability measure when assessing a system in a realistic operational

environment. The operational availability is expressed as:

Uptime _ MTBF

Mathematically, Ao, =—— — =
Uptime+Downtime MTBF+MTTR

Mean Time Between Failures (MTBF) is the mean operating time (up time) between failures

of a specified item of equipment or a system.

MTBEF is often want to express the reliability of things of apparatus and systems. MTBF is that
the correct term when talking about an item of apparatus that's repairable. once we consider

items that aren't repaired after they fail, then time unit To Failure (MTTF) is that the more
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correct term, but it doesn't much matter as they mean the identical thing, Often MTBF is

employed when talking about non-repairable items too.

Operational availability includes the corrective maintenance time, preventive maintenance time
and maintenance support. It is the one under given operating environment and maintenance

support.
Requirements to get operational availability:

o Down time

o Failure rates

o Corrective maintenance time
o Preventive maintenance time
o maintainability

o Maintenance time

As the issue of measuring availability is concerning railway during operation and preventive
maintenance does not affect the operation as the corrective maintenance, the preventive

maintenance is not included in this study.

Corrective maintenance carried out after a failure is recognised. The failure is recognised by
train driver and dispatchers. When a fault is recognised, maintenance support is contacted and
work is set up as it is followed at Addis Ababa LRT.

After a failure has been rectified and approved, the maintenance work is done and the operation

continue or stop according to how the fault is.
Data field includes:

o Administrative delay
o Logistic delay

o Repair time

The noted or registered time taken by the train dispatchers is the one used for availability
calculation. Not all failures that will affect the operation and results in train delays, the aim of

operational availability is to have a measure of the real experienced availability.
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Corrective maintenance data consists of urgent inspection remarks required immediate repair
reported by train driver of dispatcher, failure events collected from AALRT daily records
database from September 2015 to December 2019.

4.1.2 Operation availability for year 2015

Ao, = Uptime _ MTBF
O T Uptime+Downtime _ MTBF+MTTR

up time
number of failures

Mean time to failure, MTBF=

Number of failures. Nf=28

Downtime (DT); Failure time and corrective maintenance time = 184minutes
Total operating time is 4months

Operating time per day is 16 hours; means from 6AM to 10PM

Total operating time =122days *(16hrs*60minutes) = 117,120minutes

Uptime= total operating time (OP) — Downtime (DT)= 117,120minutes -
184minutes=116936min

MTBF = 222 = 4176.285714min/Nf
MTTR=—2owntime ___ _ 18% _ ¢ 57142857 1min/Nf
number of failures 28
Ao, = Uptime _ MTBF 4176.285714 — 99.849%

" Uptime+Downtime  MTBF+MTTR  4176.285714+6.571428571

The better way to present and analyse the result of this simulation of collected data from ERC
— AALRT database is to draw a dynamic histogram in Excel following yearly daily records as

follow:
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Figure 14: Operation record for train delays 2015

As the availability is of 99.84%, the trains which were operating on the daily basis during those

4months can be said that are of high availability which doesn’t have negative impact on the

company performance and passenger’s satisfaction but positive one.

4.1.3 Operation availability for year 2016

Ao = Uptime _ MTBF
O Uptime+Downtime  MTBF+MTTR

up time

Mean time to failure, MTBF=

number of failures

Number of failures. Nf=41

Downtime (DT); Failure time and corrective maintenance time = 354minutes
Total operating time is 12months=

Operating time per day is 16 hours; means from 6AM to 10PM

Total operating time = 366days *(16hrs*60minutes) = 351,360minutes

Uptime= total operating time (OP) - Downtime (DT)= 351,360minutes
354minutes=351,006min
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MTTR

MTBF
— AALRT database is to draw a dynamic histogram in Excel following yearly daily records as

The better way to present and analyse the result of this simulation of collected data from ERC

follow:
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Figure 15: Operation record for train delays 2016
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As the availability is of 99.899%, the trains which were operating on the daily basis during the
whole year can be said that are of high availability which doesn’t have negative impact on the

company performance and passenger’s satisfaction but positive one.

4.1.4 Operation availability for year 2017

Ao, = Uptime _ MTBF
O T Uptime+Downtime  MTBF+MTTR

up time
number of failures

Mean time to failure, MTBF=

Number of failures. Nf=47

Downtime (DT); Failure time and corrective maintenance time = 263minutes
Total operating time is 12months

Operating time per day is 16 hours; means from 6AM to 10PM

Total operating time =366days *(16hrs*60minutes) = 351,360minutes

Uptime= total operating time (OP) — Downtime (DT)= 351,360minutes -
263minutes=351,097min

MTBF = 2227 = 7470.148936min/Nf
MTTR=—2owntime ___ _ 263 _ 5 595744681 min/Nf
number of failures 47
Ao, = Uptime _ MTBF 7470.148936 — 99.925%

" Uptime+Downtime  MTBF+MTTR _ 7470.148936+5.595744681

The better way to present and analyse the result of this simulation of collected data from ERC
— AALRT database is to draw a dynamic histogram in Excel following yearly daily records as

follow:
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Figure 16: Operation record for train delays 2017

As the availability is of 99.925%, the trains which were operating on the daily basis during the
whole year can be said that are of high availability of three nines which doesn

impact on the company performance and passenger’s satisfaction but positive one.

Downtime (DT); Failure time and corrective maintenance time

4.1.5 Operation availability for year 2018

Mean time to failure, MTBF
Total operating time is 12months

Number of failures. Nf

Ao, =
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Operating time per day is 16 hours; means from 6AM to 10PM
Total operating time =365days *(16hrs*60minutes) = 350,400minutes

Uptime= total operating time (OP) - Downtime (DT)= 350,400minutes -
351minutes=350,049min

MTBF = 222 — 9211.815789min/Nf
_ Downtime _ 351 _ ,
MTTR= 22— = 22 = 9.236842105min/Nf
AO, _ Uptime _ MTBF _ 9211.815789 — 99899%

_Uptime+Downtime "~ MTBF+MTTR  9211.815789+9.236842105

As the availability is of 99.899%, the trains which were operating on the daily basis during the
whole year can be said that are of high availability which doesn’t have negative impact on the

company performance and passenger’s satisfaction but positive one.

The better way to present and analyse the result of this simulation of collected data from ERC

— AALRT database is to draw a dynamic histogram in Excel following yearly daily records as

follow:
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Figure 17: Operation record for train delays 2018
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4.1.6 Operation availability for year 2019

Ao = Uptime _ MTBF
O Uptime+Downtime  MTBF+MTTR

up time

Mean time to failure, MTBF=

number of failures
Number of failures. Nf=37
Downtime (DT); Failure time and corrective maintenance time = 420minutes
Total operating time is 12months
Operating time per day is 16 hours; means from 6AM to 10PM
Total operating time =365days *(16hrs*60minutes) = 350,400minutes

Uptime= total operating time (OP) - Downtime (DT)= 350,400minutes -
420minutes=349980min

349980

MTBF = 5 = 9458.918919min/Nf
MTTR=—2owntime ___ _ 220 _ 11.35135135min/Nf
number of failures 37
AO, _ Uptime _ MTBF _ 9458.918919 — 998%

" Uptime+Downtime  MTBF+MTTR _ 9458.918919+11.35135135

The better way to present and analyse the result of this simulation of collected data from ERC
— AALRT database is to draw a dynamic histogram in Excel following yearly daily records as

follow:
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As the availability is of 99.8%, the trains which were operating on the daily basis during the
whole year can be said that are of high availability which doesn’t have negative impact on the

company performance and passenger’s satisfaction but positive one.

Figure 18: Operation record for train delays 2019
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MTBF (Mean Time between Failures) is the average (expected) time between the two
successive failures of a component. It is a basic measure of a system’s reliability and

availability and is usually represented as units of hours.

“Recovery” is yet another main concern about any service. Having a correct recovery
procedure and being prepared to recover from any failure in a defined amount of time via
defined amount of energy and resources spent, one may decide not to lower the likelihood of
the system to fail, but just simply recover it in case of a failure as soon as possible. All in all,
what matters is to have the service do what is it supposed to do at the right time. MTTR (Mean
Time to Repair) is the main term when determining how a system would behave in case of
recovery. It is another major factor of determining a system “Availability”.

Mean Time between Failures is the average (expected) time between two successive failures
of a component. It is a basic measure of a system’s reliability and availability and is usually
represented as units of hours.

- Mean Time to Repair (MTTR)

Mean Time to Repair (or Recover) is the average (expected) time taken to repair a failed
module.

This time includes the time it takes to detect the defect, the time it takes to bring a repair man
onsite, and the time it takes to physically repair the failed module. Just like MTBF, MTTR is

usually stated in units of hours or minutes.
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4.2 Survey data findings

Research Question number One, which explores the types of maintenance applied at AALRT
rolling stock workshop, the technic used to collect data was questionnaires with open-ended
questions addressing to railway engineers at AALRT, Kality section North-south line as it’s
the one was the limitation, questionnaires was of nine numbers and all of them gave the same
answers which are preventive maintenance and corrective maintenance or breakdown

maintenance as it is indicated in the table below:

Table 7: respondent perspectives about types of maintenance AALRT rolling stock

Category Volume Percentage
Corrective 9 50%
Preventive 9 50%

total response category count 18 100%

It can be really seen that the types of maintenance AALRT rolling stock is using are the number

of two; preventive maintenance and corrective maintenance or breakdown maintenance.

Research Question number two which was about the influences of not having all maintenance
machines in the workshop, the technic used to collect data also was questionnaires with open-
ended guestions addressing to railway engineers at AALRT, Kality section North-south line as
it’s the one was the limitation, questionnaires and among questions asked some of them obliged
the respondents to answer pointing of not having enough machineries and spare parts in the

workshop, this causes the low availability.

Table 8: respondent perspectives about influences of not having all maintenance machines in
the workshop

Category Volume Percentage
availability 6 | 33%
Safety 4| 22%
Reliability 2| 11%
downtime reduction 41 22%
Management 21 11%

total response category count 18 | 100%
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Research Question number three which was about outsourcing or subcontracting of
maintenance in AARLT, most of the respondents replied yes but there are some who said that
they don’t have depending on when the contract between Chinese company and AARLT will

end but actually there is as it can be seen in the following table:

Table 9: respondent perspectives concerning outsourcing

Category Volume | Percentage
Yes 7 78%
No 2 22%
total response category count 9 100%

Research Question number four which was about the way they measure the AALRT rolling
stock performance, according to the answers given by the respondents the main measurement
technic used is the one concerning the operation, that means how the operation takes place as
it is all activities you perform to reach business objectives as it is shown by the table below:

Table 10: respondent perspectives concerning AALRT rolling stock performance

Category Volume Percentage

Quality 2 15%
Operation 4 31%
Financial 1 8%
Good 1 8%
Availability 3 23%
performance of staff 2 15%
total response category count 13 100%

Research Question number five which was about performance indicators, it is indicated that
the one of high percentage is the availability among the indicators; answers given by the
respondents about the asked question. As the availability is the he probability that an item will
be in an operable and committable state at the start of a mission when the mission is called for
at a random time, and is generally defined as uptime divided by total time (uptime plus
downtime). The following among others is the efficiency.
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Table 11: respondent perspectives concerning AALRT performance indicators

Category Volume | Percentage

Availability 5 33%
Downtime 2 13%
no standard performance indicator 2 13%
Technicians 1 7%
Efficiency 3 20%
Inventory 1 7%
Cost 1 7%
total response category count 15 100%

Research Question number six which was asking if there was any interruption caused by
maintenance, in our thinking we can think that no maintenance can interrupt the operation as
maintenance is The work of keeping something in proper condition, care or upkeep including:
taking steps to avoid something breaking down (preventative maintenance) and bringing
something back to working order (corrective maintenance) (negitiator, 2020). But among the
respondents most of them replied that maintenance interruptions exist at high percentage as it
is shown by the records taken like some of them can cause delay or trip cancelation.

Table 12: respondent perspectives concerning maintenance interruption

Category Volume Percentage

Yes 67%
No 33%
total response category count 9 100%

Research Question number seven which was asking if there are breakdown records in order
to be sure about secondary data for operation data analysis, the way of collecting this kind of
data was questionnaire technic distributed among sample people selected, results got here is
that breakdown data is taken every day which helped the researcher to be sure of operation

data; 100% vyes.

Table 13: respondent perspectives concerning breakdown records

Category Volume | Percentage

Yes 9 100%
No 0 0%
total response category count 9 100%
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Research Question number eight which was asking failures occurred concerning the rolling
stock (train door), the technic used to collect data is questionnaires distributed to the
respondents; rolling stock engineers and what they answered showed that the highest
percentage is the one concerning the opening and closing failures.

Table 14: respondent perspectives concerning failures occurred concerning the rolling stock

Category Volume Percentage

V-shape 3 19%
alignment 4 25%
Opening & closing 5 31%
Traction 1 6%
Software 2 13%
non uniform opening and closing 1 6%
total response category count 16 100%

Research Question number nine which was asking How long it took to correct such failure,
the technic used to collect data is questionnaires distributed to the respondents; rolling stock
engineers and what they answered showed that the highest percentage is of two hours and less
which shows that its effect to the operation is not much even if some failures can cause trip
cancellation, which is another issue.

Table 15: respondent perspectives concerning the time it took to correct such failure

VVolume  |Percentage
Category
2hrs and less 6 50%
8hrs and longer 5 42%
it depends 1 8%
total response category count 12 100%

Research Question number ten which was asking the approximation cost of failure
correction, the histogram below and the table show that there is no cost as the respondents said
that the cost has never calculated and some of them said that it is with no cost.

Table 16: respondent perspectives concerning the approximation cost of failure correction

Category Volume Percentage

never calculated 5 56%
no cost 4 44%
total response category count 9 100%
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Research Question number eleven about the effect of maintenance practice on LRT
performance during that time, it is well seen that the very effect maintenance has on the Addis
Ababa LRT is that it causes the delays and sometimes depending on how tough the failure is,
the trip can be cancelled even if it occurs rarely.

Table 17: respondent perspectives concerning the effect of maintenance practices on LRT

performance
Category Volume | Percentage
Delay 8 89%
no effect 1 11%
total response category count 9 100%

To answer the Research Question number twelve about how effective maintenance planning
is, it is well seen that according to the respondent answers the service provided by AALRT is
very effective.

Table 18: respondent perspectives concerning how effective maintenance planning is

Category Volume | Percentage

Excellent 2 22%
effective service 5 56%
Good 1 11%
very good 1 11%
total response category count 9 100%

Research Question number thirteen, the researcher wanted to know if AALRT has
enough tools to perform maintenance operations. Actually according to the time research spend
there during the practical works or trainings or internship, she can conclude that the answer is
yes depending on rolling stock component chosen to be studied on but as she conducted the
research using questionnaire, the respondents gave her different answers to analyse using the
cited software and come up with conclusion as follow, between the two categories, the one
with high percentage is yes which means that AALRT has enough tools to perform

maintenance operation about that component.
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Table 19: respondent perspectives concerning tools.

Category Volume Percentage

Yes 6 67%
No 3 33%
total response category count 9 100%

Research Question number fourteen about the ability of AALRT to repair their own
components. In order to repair given component, the company must have all needed tolls to
use in repairing; for AALRT some components is difficult to repair as the Chinese company is
still under control but for door they are able to repair the occurred failures as it is shown by

answers from respondents, among them many replied yes confirming that they have that ability.

Table 20: respondent perspectives concerning AALRT ability to repair their components

Category Volume Percentage

No 3 23%
Yes 7 54%
some repaired by only Chinese 3 23%
total response category count 13 100%

But among rolling stock components, some of them are complicated to be repaired by AALRT
alone without Chinese involvement like bogie parts that is why the other question which is of
number fifteen was asking the major reasons for not repairing some components; as it can be
seen well majority of respondents said that the reason is of not having enough machinery like

the one dealing with wheel misalignments.

Table 21: respondent perspectives about major reasons for not repairing some components

Category Volume Percentage

Skills 4 33%
enough machinery 7 58%
Manual 1 8%
total response category count 12 100%

To answer the last Question of questionnaires about summary of problems of maintenance in
AALRT in order to find out the major ones (vital few problems) as Efficient maintenance is a
prerequisite for ensuring economical and secure operations. Both of those two questions had
the answers somehow the same about not having enough all maintenance machines or

machinery or spare parts in the workshop.
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Table 22: problems of maintenance in AALRT

Category Volume Percentage

skill gap 4 24%
lack of improvement opportunity 4 24%
shortage of spare parts 6 35%
over-confidence 1 6%
inadequate task instruction 1 6%
software problem 1 6%
total response category count 17 100%

The last research question which was the main focusing on the topic was about studying the
effect of maintenance practices to the operation performance. the technic used to collect data
was questionnaires with open-ended questions addressing to railway engineers at AALRT,
Kality section North-south line and from ERC — AALRT database analysed using Microsoft
excel 2013.

For all four years; from 2015 to 2019 the calculated operational availability shows that it is
higher than 99.8% which is showing that even if there are failures they didn’t have negative
impact on the operation as many of them few caused trip cancellation but replaced by the

standby trains to continue the cancelled trip for the other train.

All failures occurred did take short time to be repaired as it is said by the respondents and also
the cost was not high even it is not calculated, both of the two analyses come up with results
showing that the impacts of rolling stock maintenance practices on the LRT operation
performance is really positive for saying that maintenance has to be implemented in all

transport companies in order to get good performance and customer satisfaction.
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4.3 Discussions

The average of operational availability is of 99.8%, which means that trains which were
operating on the daily basis during the whole those four years concerned are of high
availability; the downtime per year is less than the uptime which doesn’t have negative impact
on the company performance and passenger’s satisfaction but positive one. If the system goes
down it will not take a long time to get back into service which implies that the availability will
not be hurt also. As of this statement, the researcher may say that rolling stock maintenance
practices have positive or good impact on Light Rail Transit operational performance as among
failures occurred few of them caused trip cancellation but replaced by the standby trains to
continue the cancelled trip for the other train.

All questions asked to the respondents into questionnaires and interviews had the same target
of knowing really the impact rolling stock maintenance practices have on LRT operational
performance, in order to know the impacts something has on something else, you have first to
know it that is why question number one was aiming on knowing all types of maintenance
applied at Addis Ababa Light Rail Transit, their costs and time taken using one of them
correcting the failed part of train accordingly. Failures occurred did take short time to be
repaired as it is said by the respondents and also the cost was not high even it is not calculated,
both of the two analyses come up with results showing that the impacts of rolling stock
maintenance practices on the LRT operation performance is really positive for saying that
maintenance has to be implemented in all transport companies in order to get good performance

and customer satisfaction.

As the transportation segment remain to be more effective, among others this is railway
transportation one in which maintenance has impact, types of maintenance for rolling stock are
preventive maintenance and corrective maintenance or breakdown maintenance which have
impact on LRT operation depending on how they are practiced. Lack of enough machineries
and spare parts in the workshop causes the low availability of trains, even if sometimes
corrective maintenance causes train delay and cancellation, the availability is still high to

conclude that maintenance has to continue be implemented in railway transportation.
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5 Conclusions and Recommendations

5.1 Conclusions

This study describes the Impact of rolling stock maintenance practices on Light Rail Transit
operational performance taking Case of Addis Ababa which is fundamental in achieving
operation profitability. Maintenance as a function in an operation system/ an organization can
increase operation efficiency, reduce downtime or unwanted stoppages, improve operational
performance and consequently, company profitability which is one of the most significant

motivations of company’s investment.

Maintenance implementation in an operational system can improve operational performance
in numerous ways by reducing all process interference. The operation company has to provide
service to the passengers and freight from one place to another. In ensuring that expected
production or operation, goods are delivered at the right time with the right quality and the
lowest possible cost requires optimum availability which can be attain, like passengers have to
arrive at their respective destination by efficient maintenance policy.

A proper maintenance practice can keep machines/ equipment (that constitute an operation
system) in a reliable component condition, thus, minimizing operational inefficiency, train
delay even trip cancellation, downtime, etc. thus, an hour spent not working as a result of
unwanted stoppages or machine defect can be costly when transferred into financial terms,

thereby threatening company’s survival to stay in business.

As the transportation sector continue to be more effective, among others this is railway
transportation one in which maintenance has impact, types of maintenance for rolling stock are
preventive maintenance and corrective maintenance or breakdown maintenance which have
impact on LRT operation depending on how they are practiced. Lack of enough machineries
and spare parts in the workshop causes the low availability of trains, even if sometimes
corrective maintenance causes train delay and cancellation, the availability is still high to

conclude that maintenance has to continue be implemented in railway transportation.
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5.2 Recommendations

Based on what have been discussed throughout this study which is Impact of rolling stock
maintenance practices on LRT operational performance; Case of Addis Ababa, it is clear that
maintenance is not just a bout ensuring proper function of rolling stock equipment but also a
support function that is indispensable in a transportation organization. Hence, from the study
result, it is recommended that the ERC (Ethiopian Railway Corporation) treats maintenance as
a core function of company’s business, thus, with a holistic view, its impact on service quality;
passenger transportation, availability, environmental and safety requirements can be identified
and quantified.

That is being said, having a maintenance organization should be considered in the company to
further outline maintenance significant and its role in operational performance. Thus, the
implementation of maintenance in the company is inevitable as this study and several others
have shown that maintenance is a core function and essential in today’s transportation system
in order to reduce failures, train delays as well as sometimes trip cancellation because of

downtime to maximize company’s operation performance.
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- ferviw o

— Over km{, et
o Do you have the outsourcing; subcontracting of maintenance?

Yes/no--------=-==rmnmmnmenan

o How is LRT rolling stock performance measured?
- Aakdnp measiies (Correetive) Afor
cribRcal fall e .
o What performance indicators do you use?
— availe bS U"\a 07( Hroctns N épemch'?“l———
L avo_f_(r_kfl/»"f"a a,)( J«/apc' 5‘3 Arodny (}u(/t// ook ofeas )
' w Ll mo fetiaes
o Is there any interruption caused by maintenance?

ch/no-----I-ﬁ-é -----------

o Do you have breakdown records?
ch/no-----\—{-g-j- -----------

o What failures occurred concerning the rolling stock (train door)? .
—Cenceroing Frain dodr, SoncefrRs  dpor net gpenp OF C (thg,
- Y rein Arac HKé~ fa:lwt,o—,(mhﬂ‘ -,Ca.CLkJ.AJT ‘
ISHIMWE Pascasie/ MSc student at Addis Ababa University/ Addis Ababa Institute of
Technology/ Railway engineering (Rolling stock)




Impact of rolling stock maintenance practices on LRT operational performance
Case of Addis Ababa
Index

MSec thesis data collection

{ ©  How long did it take to correct such failure? JR
- For door fudules, (445 sually sdved vigihidad, 5‘:3:‘#4:0/@

—Fl frackon fulluaes, if e pobles S baodn it war o
o What was its cost; approximate? /[.(.,M;;LSL |
- i Usually has no cosk for 4ratn dorr follres . @ coeet .
Pact -
- s A Lies How weotor”
Forre ate follonss fe nsed spardihanges e fraghin yots
= ct_amszﬁ y

©  What was its effect on LRT performance during that time?

|
|
|
‘ evtecndrdias — delaq of Areons’ Hme on s datines,
|

o How cffective maintenance planning is?
S can be said that malnferane Planning & avery
zmrar,}m—} Mrftw’ Sor Ahag rollag Sfock do-iston-
T hes

Trerefove, 7 been vocy effecttre tn §eaeral,
o Do you have enough tools 0 perform maintenance operations?

Yes/no----- Yes .

o Arc you able to repair your own components?

€S, ot frere ofe Comprngads drepered
b—7 e clhinese Companty .

o What are the major reasons for not repairing some components?

- aot L\avf«»g e stk pu;xolc.:lja 2f oS 4—0 (Zfa:r.

o Summarize problems of maintenance in AALRT in order to find out the major ones (vital
few problems) as Efficient maintenance is a prerequisite for ensuring economical and
secure operations?

-Shbr«}ase r)( Spare P@("'S
- iv\qic,{qc;tev Enswsledsge th Some areas o{ breons!

A ./wa,.’)—‘\-o‘an&
MaA 4Pna.f\Cz

—lr\«i@hvﬁ bnowtﬁé e [~ UsS S e 6’(*fL¢ 270\«1;( M‘g ‘
Inh e ok Sop | ’ i !
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Topic: Impact of rolling stock maintenance practices on Light Rail

Transit operation performance

This is where 1 describe the study and let people know that their participation is

voluntary and their data are anonymous and confidential.

NAME. ... Position .Q..O.U.um.lff g Ex%.mm (1‘:’“&\'
Division. \laO—Q-LVj 6}‘9% ........ Department .¥\QN@aGAle ...........

o What is the importance of having a maintenance department?
Ns we Enow Podinsy o, oq Safest Meand % tgasrariation. (fo
Jaswie A, Waldensie department Dawolues f\.mcmml Ghecks, Seny
viepaling 61 Neplatds) 9 necesrorw deudees and Components.

o What types of maintenance do you use?
P,‘we,ﬁgdg WMANIeADNCE
wawe VW"W

o Do you have the outsourcing; subcontracting of maintenance?

ch/no----%ﬁé .............

o How is LRT rolling stock performance measured?
Goed

o What performance indicators do you use?
AvaobiI 4 Tam, frn pomea?, syiel omate fechmeny
VAGINNBACE, w\ﬁué‘amemb Wu\/\a fuN 9 necesacay Yoals Gnd devices yeludd
vxﬁ) spie ,ch\#s y “\’(‘[] 9 SQ’\VM‘& e,

o Is there any interruption caused by maintenance?

ch/no---/yﬁ-f ..............

o Do you have breakdown records?

T T N
o What failures occurred concerning the rolling stock (train door)? ‘
UP o Tow all Y dosys e wark Rletetly. but Some fivter Ahere wee, G n\?.‘.‘f;!

Manement oand N-Shope leoLlewvs e pccwed. |
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© How long did it take to correct such failure?

MNoxr wae, Aban  (un \/\ow\-

o What was its cost; approximate?

o What was its effect on LRT performance during that time?
+ deloyo Hle Dfuu%mdc\oswa of o doer Lo A dedade Yo
PR ad Ay we.
o How effective maintenance planning is?
T Loy pravenive wmawenance o Ale, maje oud main madaknsnce
meknod and U detneases Xwe W expeched fallmes aud delogongtime
alro i+ ma,\c@,‘sm QH&M\MQ LWL,

o Do you have enough tools to perform maintenance operations?

o Are you able to repair your own components?

Yes/ no--)/-e-’-s- --------------

o What are the major reasons for not repairing some components?
N (Somdts /ow;)s /}'lww o éhoj\’}—c\ae 07( waenante wanugl, Blnih
O A G 5 . S . ;
oho0 Poaten G Sowe. JOUS Needd Neplag e ment avd epainag dewsces.
o Summarize problems of maintenance in AALRT in order to find out the major ones (vital

few problems) as Efficient maintenance is a prerequisite for ensuring economical and

secure operations?

Tle waa plobiew tn ALY Rellvg G e e bt d25\ae conent 0f

Do etk fise oot Lo cane 4 N5 olsplacenent (wheet) e o

quay 1 pup 4 OPLon fo & Lovg jomeu and Vp W Fe
‘5&(’”’% g fqufu; 0 peqations and e«ww)dyﬁ Leondnrvcal ax;oum.
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Topic: Impact of rolling stock maintenance practices on Light Rail

Transit operation performance

5 This is where 1 describe the study and let people know that their participation is

voluntary and their data are anonymous and confidential.

o What is the importance of having a maintenance department? BT gY Cora v AR
* Peauceg He occurencey o4 brmbdoui:l i.u'n TeHO I~
Prevertive MadS enaep ProA™l @ T el et
Redauntt e Adown damg of T4 N
bY  erauinin end plasity brirdew O /e A
ey

[

o What types of maintenance do you use?

A Corrt LAY € M and2 o
< Brink down r—‘\n..:--J""""_"‘z”cL
G preYaey aswdenack

o Do you have the outsourcing; subcontracting of maintenance?

|
\ Di\'ision.”Rol.\Uq‘.ﬂ*.??.:C ........ Depanmeni o esTRRALE
\
|
|
|

Yes/mo-----Ybelommeee .

o How is LRT rolling stock performance measured? o) )
Bartd on » AVALIAbIIAY o Train enguers U S
dueto N Of etlurE a9 :
. &Qzeduoi—c‘n j—[— pecidd S o e ?md-
o What performance Srfllcclé‘{&mr)‘/ou%;c? Bexry Spe ’f"““‘"'_’(
Mo I Gowr W EUTE ef Meagurr Ha pugermeani g
L baged @n)  guey o PR M) e by ol
LRg gl M,
o Is there any interruption caused by maintenance?
‘NO  ©paradtu N grder FupAve T
1 DT [ ——
|
! o Do you have breakdown records? o Aot lpcurd and
ho+h o Com pure, b AT A
‘ R 1o — Menu @ Wwrikea Do tunsek

o What failures occurred concerning the rolling stock (train door)?
. ° I Lanemaenie X
. Door cleyirs aral Opertq
. od
3 . D Mo uncfonm  Cpent and Clofog of all decl
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e AT per e M:.rd )\ dror

Ha grme temt unlegy o 3 (,\:;L\udU'J deo
b} : \eoi 4ime OfF VU
ot 03y ol Uledt] o Qe TL
e Fadture 04  alam Huo caacendt  AJoitq ope
warp e i

o How long did it take to correct such failure? ¢+ g pard ©7 He J
R T R ¥ IV W S W S ' ?
Meadce™ Macrdr—t ¥ = .

™) R S '

o What was its cost; approximate? @ p o CoGt

s et

o

pE
. eSS LW ENP
Degessd o0 Hiag Qurrgse W
N O R T S e L o )
R

ChUvarily  Hoe dewndmy Aol

PR S}
/j Lt \

o What was its effect on LRT performance during that time?
- m:, at l-&i-ﬁge’\f g e ek & GRerd P*::)*ow
‘ aer : . VA Pt
Frdm 4:‘43 Lu.,—; Prt Place AL Afwolok ey cf NoL
Ve by dugroped _
o How cffective maintenance planning is?

yory qee
W s gee? (‘
o Do you have enough tools to perform maintenance operations? Lo Sy W de
. " ol T A .
Y es/no------------ ISY C-{ﬂ-ﬁd on Ha g© cF Gup GAR quy  €rovy " e

hower  dmaaph e I, bud

2 TR X g probl e
AVl Neggerany y Ho we’ i (:gpzri“-\ el
o Are you able to repair your own components? Y

- d W 2@,,\:&((2
Yes/no------------- MK} il

r~Hao o o pesT o Ccf"lpc"“dr

o What are the major reasons for not repairing some compon&ns? or twoi (AW red

Laeo N g fkd° R
- o 1k :oj:r er dt’:lﬁ]uc(]) E ,fr;."s—-ﬁa ,-Fh\_.uj Ce Pt
4o TR~ it

o Summarize problems of maintenance in AALRT in order to find out the major ones (vital
few problems) as Efficient maintenance is a prerequisite for ensuring economical and

ions?
secure operations? paritivianty o0 ¢ dherz

. ¢ Lect o d EN- Al o Lo TN ] .
vy delitedt  JUe IFH e T L )
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Thou §ap
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This is where I describe the study and let people know that their participation is

voluntary and their data are anonymous and confidential.

Name. ... A]-t V.. MZLH. Position . KQ&LN&L N -”-.‘.‘--’K

| Division.?zo.l.(.uu{. ‘i}.«v.ck.. wnbeuante Department WA NAnLes.. ... ..

o What is the importance of having a maintenance department?

- To heve Condinous- /’M/}LJ;W.,‘.,’)M/ © 270 A0
- -/(; ikt Avm,(AblLl f,, Z/L(;L/m%; L 1"\A

- Lo give fn imose j/-«//;ﬂb 3 Aupide delote

o What types of maintenance do you use?
{ {
Ve
T Pﬁm‘odc ¢ Meatadnance / fﬂ/}’h«v/\ 2
P 3
Covrech Ve ¢ )
- At oo N
e v S - bcv;zx’ ,/77/‘7""(’& L V

= nd 4 0m —bersed
o Do you have the outsourcing; subcontracting of maintenance?

Yes/no-----m-mmemmme e
—

o How is LRT rolling stock performance measured?

e g"?‘f‘ o Job evaluahOn PWM«,L& maeaaideL. / f@/ J

o What performance indicators do you use?

o f/{__‘\uf cuwa Measire

o Is there any interruption caused by maintenance?

o What failures occurred concerning the rolling stock (train door)?
- Bowr Gysiem LS Sygrem Tew Snitem Bogls Sabren obe
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Hg}y long did it take to correct such failure?
1 WY “)/?M

What was its cost; approximate?

What was its effect on LRT performance during that time?
— (om be meaniped
How effective maintenance planning is?

Geea

o Do you have enough tools to perform maintenance operations?

o Are you able to repair your own components?

Yes/no
e

o What are the major reasons for not repairing some components?

- /(/zu: D?} _(F,aad@uw {foo-to

o Summarize problems of maintenance in AALRT in order to find out the major ones (vital
few problems) as Efficient maintenance is a prerequisite for ensuring economical and
secure operations?

4 ) 5
/a‘ W/Ok J’sz,) cod Footo
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