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I      Abstract 

An important factor in the train industry is to assure a high level of safety and quality of the 

trains. The challenge is to satisfy passengers’ needs in terms of punctuality, safety and comfort at 

the lowest cost possible. To succeed a company should invest in maintenance work which will 

delay the equipment failure and prolong the product life-cycle of the trains. By improving the 

preventive maintenance work, a company will enable higher availability in traffic and have more 

time for corrective maintenance. 

The company Alstom Transport has 66 calendar hours to prepare the train for traffic when 

performing an A6 maintenance routine which is performed once every year on the X60 trains. 

The purpose of this project is to decrease the lead time of the A6 maintenance routine to at least 

56 calendar hours at Alstom Transport in Älvsjö depot. This will be achieved by developing and 

implementing a common sequence of operations that will enable all the technicians to work 

according to a standard and minimize the variance in lead time. Operational improvement ideas 

will be developed to ameliorate the working conditions for the technicians and reduce the 

performance time for the most time-consuming operations. 

To achieve the objectives of the project, continuous observations and analysis of the current 

work methods have been performed. Discussions with technicians and the engineering team have 

complemented this analysis. A survey was held to create better understanding of the technicians’ 

points of view concerning the most problematic and time-consuming operations. Finally a time-

study has been performed to collect the necessary information for creating the standard sequence 

of operations. 

The operational ideas for improvement have led to better working conditions for the technicians 

and have decreased the total operation time for the A6 maintenance routine by 20%. Two 

sequences of operations have been developed during the project. The Current Sequence of 

Operations consist of 29 calendar hours and 104 man hours and will be implemented at the end 

of the project. The Future Sequence of Operations consist of 25 calendar hours and 89 man hours 

and will be implemented when the operational improvement ideas, developed during the project, 

are realized. Alstom Transport in Stockholm spends 32% of their total production time on this 

maintenance routine. The operational improvements developed in this project result in a 6.3% 

reduction of Alstom’s total production time. 

  



II  Sammanfattning 

En viktig faktor inom tågindustrin är att säkerställa en hög nivå av säkerhet och kvalitet på tågen. 

Utmaningen är att uppfylla passagerarens behov med avseende på punktlighet, säkerhet samt 

bekvämlighet till den lägsta möjliga kostnaden. För att lyckas med detta, bör företag investera i 

underhållsarbete vilket kommer senarelägga utrustningens fallerande och förlänga produktens 

livslängd. Genom att förbättra det preventiva underhållsarbetet kan ett företag möjliggöra en 

högre nivå av tillgänglighet i trafiken och skapa mer tid för korrektivt underhållsarbetet.    

Företaget Alstom Transport har 66 kalendertimmar på sig att förbereda ett tåg för trafik vid 

genomförandet av en A6 underhållsrutin som utförs en gång per år på varje X60 tåg. Syftet med 

projektet är att minska ledtiden för en A6 underhållsrutin till åtminstone 56 kalendertimmar på 

Alstom Transports depå i Älvsjö. Detta ska uppnås genom framtagande och implementering av 

en gemensam sekvensering av operationerna vilket kommer möjliggöra för reparatörerna att 

arbeta enligt en standard och minimera variansen i ledtid. Förbättringsförslag för operationer 

kommer att utvecklas för att förbättra reparatörernas arbetssituation samt förkorta 

operationstiden för de mest tidskrävande arbetsmomenten. 

För att uppnå målen med projektet har kontinuerliga observationer och analyser hållits av 

nuvarande arbetsmetoder. Analysen har kompletterats med diskussioner tillsammans med 

reparatörer och ingenjörsgruppen. För att ge förståelse för reparatörernas åsikter om vilka 

operationer som är mest problematiska och tidskrävande, har en enkätundersökning genomförts. 

Slutligen har en tidsstudie utförts för att erhålla nödvändig information till skapandet av en 

standardiserad sekvensering av operationer.   

Förbättringsförslagen för operationerna har lett till en bättre arbetssituation för reparatörerna och 

minskat den totala operationstiden för en A6 underhållsrutin med 20 %. Två sekvenser har 

utvecklats under projektet. Den Nutida Sekvensen som består av 29 kalendertimmar och 104 

mantimmar kommer implementeras i slutet av projektet. Den Framtida Sekvensen består av 25 

kalendertimmar och 89 mantimmar och ska implementeras efter att förbättringsförslagen för 

operationerna har verkställs. Alstom Transport i Stockholm ägnar 32 % av sin totala 

produktionstid på A6 underhållsrutin. Genom förbättringsförslagen för operationerna har den 

totala produktionstiden för Alstom Transport minskat med 6,3 %. 
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1 Introduction 

1.1 Background 

In the train industry it is critical to have regular maintenance to assure a high level of safety. To 

succeed, the company needs both preventive and corrective maintenance on a daily and weekly 

base, but also more infrequent maintenance. The longer a train has been active, the more time for 

maintenance has to be spent on the train. A company performing maintenance on trains therefore 

has to either recruit more personnel or optimize the maintenance work as time goes on. It is 

important to establish a well-organized and effective maintenance system with well-structured 

supply chain and good communication between the production, planning and other departments. 

The objective of maintenance work is to guarantee the delivery of correctly maintained trains 

without any delays to ensure that the passengers get a comfortable and safe journey on schedule. 

Companies start to focus more on maintenance work to prolong the life-cycle time of equipment 

and optimize the utilization of components. However many companies still consider maintenance 

as a cost which has a negative connotation. It is instead favourable to view maintenance as an 

investment that refines the product and will increase the total benefit from the product.  

Alstom Transport is responsible for the maintenance of Coradia Nordic X60 commuter trains in 

Stockholm. The traffic is expanding with 46 trains to Uppsala and the demands for more frequent 

traffic is increasing. Moreover the trains need more heavy maintenance than earlier due to more 

mileage. These three aspects force Alstom Transport to optimize the maintenance routines and 

reduce the lead time if they want to assure future punctual deliveries of trains.  

1.2 Problem Description 

A6 is a maintenance routine that is performed once every year or after 180 000 km on every 

Coradia Nordic X60 train in Älvsjö depot. This master thesis consists of analysing the workflow 

of this maintenance routine and suggesting operational improvements and a standardized 

sequence of operations to improve the workflow and reduce lead time. Alstom Transport in 

Stockholm currently spend 32% of their total production time on the A6 maintenance routine 

which makes the development of the operational performance and optimizing the lead time a 

high priority. 

1.3 Objectives 

Alstom Transport has 66 hours to prepare the train for traffic when performing an A6 

maintenance routine. The initial objective of the project is to assure that Alstom can guarantee 

delivery at a shorter lead time of 56 hours. Another goal is to decrease the man hours spent on an 

A6 maintenance routine from an average of 133 hours to at least 120 hours. This will be 

achieved by developing and implementing a standard sequence of operations to start a path 

towards a lean organization. The project group has also been assigned to develop several ideas of 

operational improvements on the most time-consuming operations. 
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1.4 Method 

To meet the objectives of this project, continuous discussions with technicians and other 

personnel connected to the A6 maintenance routine has been held in parallel with observations of 

work. This gave a deep understanding of the current situation and the existing problems. A 

survey has been held to present the technicians’ view of what operations that are the most time-

variant, time-consuming and ergonomically stressful. The observations, discussions and survey 

have been the ground for developing the operational improvements and sequence of operations. 

A time-study has also been performed to complement the sequence of operations with 

information concerning the duration of operations. 

Continuous literature search has been carried out throughout the project and has made the 

theoretical base for the thesis. The literature study consists of two parts: one part approaching 

tools connected to Lean Production and another part explaining the concept of maintenance 

work.  

Both the observations and the information collected during the project provide a good 

combination of theory and real-life experience to make an extensive analysis that will lead to 

elaborate suggestions for improvement. Figure 1-1 illustrates the steps that are included in the 

method and has been followed during the project. The steps are divided in a theoretical and an 

empirical base. 

 

Figure 1-1. The study consists of two parts: the theoretical part where literature studies have been performed and 

an empirical part where the current situation has been analysed and a future situation been proposed. 



5 

 

1.5 Delimitation 

Several choices have been made during the project to focus the study. The project’s delimitation 

is summarized below. 

 The study will only include the original model of X60 trains, and not take in 

consideration new models such as X60A.  

 The study will focus on the preventive maintenance in the A6 routine and exclude all 

corrective maintenance that demands a work order to be executed.  

 The project will exclude all new modifications that are done to the X60 train. 

 The project will focus on improving the performance of the operations and not 

questioning the validity of each operation. 

 The lead time studied in the project extends from the time when the technicians start the 

maintenance on the train until the last operation is finished. It will not consider unutilized 

time before the start of the maintenance work. 

 The study will focus on the time savings from the project and not take in consideration 

the economic benefits.  

 Alstom has, in the end of the project, declared that a changing of the shift schedule will 

occur in the coming future. However this new shift schedule has not been taken into 

consideration in the creation of the sequence of operations since this change occurred at 

the end of the project. 
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2 Maintenance Work 

This chapter will explain the aim of maintenance work in the industry and highlight the 

difference between preventive and corrective maintenance. It will also present the concept of 

reliability and how the equipment failure rate changes during the product life-cycle. Finally it 

will explain the importance of design for maintenance and how it can lead to a high level of 

availably of the product. 

2.1 Main Aim of Maintenance Work 

In the train industry there are two main types of maintenance: preventive maintenance and 

corrective maintenance. It is essential for a company to have a well-developed maintenance 

strategy where a balance between both types of maintenance is obtained. In fact a large focus on 

preventive work will lead to high total maintenance costs, but a lack of preventive work will lead 

to earlier failure of the equipment which will also cause high total maintenance costs (Y.H 

Cheng, H.L Tsao, 2010).  

Moreover many companies have the objective to satisfy customers’ needs with the best quality 

that can be offered at the lowest cost possible. To obtain this objective, the company needs to 

develop a maintenance strategy that strives for an optimum balance between those factors (M. 

Bevilacqua, M. Braglia, 2000). Furthermore maintenance work will allow the achievement of a 

high level of reliability for equipment which will facilitate the production planning (J.C García-

Díaz, R Ruiz, 2006). 

2.2 Preventive Maintenance 

Preventive maintenance is one of the most critical activities in the train industry. In fact the aim 

of this type of maintenance is to reduce the probability of equipment failure. (M. Macchi, M. 

Garetti, 2012). Preventive maintenance is defined by Dr. Dhillon as: 

“The care and servicing by individuals involved with maintenance to keep equipment and 

facilities in satisfactory operational state by providing for systematic inspection, detection, and 

correction of incipient failures either prior to their occurrence or prior to their development into 

major failure.” (B.S. Dhillon, 2002). 

By investing in preventive maintenance, a company will be able to decrease unnecessary 

operation time caused by unreliable equipment and increase the operational lifetime of the 

equipment. The benefit with this type of maintenance is that the product will have higher chances 

to be functional which minimizes the risk of failure (J.C García-Díaz, R Ruiz, 2006). 

According to Dr. Dhillon, preventive maintenance consists of seven parts that are summarized in 

Figure 2-1. The first part is based on inspection. A systematic inspection of equipment and 

functions in the product will increase the chance of an early discovery of any deviation from the 

original state. The second element emphasizes the service of the product and its equipment by for 

example cleaning and lubrication. The third part consist of periodically calibrate necessary 
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instruments to be able to determine the correct measured value of different items.  The next part 

is to periodically test important functions in the product to control the serviceability and detect 

any electrical or mechanical issues. The fifth element is alignment and consists of making 

changes to different parts of the product to attain optimum performance while the sixth part is 

about adjusting those variable elements. The final element is called installation and is based on 

replacing damaged pieces in the product.  

 

Figure 2-1. A preventive maintenance program includes seven parts that supplement each other. This program 

can help a company to implement a well-developed maintenance strategy.  

By following these steps the company can build a strategy that will allow them to delay 

corrective maintenance as much as possible. A mediocre strategy could cause the failure of the 

preventive maintenance program which can lead to unjustifiable costs and longer wait to results. 

This might cause the management support to lose interest in the program. Therefore an effective 

strategy is essential before implementing a preventive maintenance program in the company. 

However by introducing a preventive maintenance program, new problems will appear at the 

surface. Some examples of typical issues are frequent waste through unnecessary tasks and 

frequent repetitions of work (B.S. Dhillon, 2002). 

Preventive 
Maintenance 

Inspection 

Service 

Calibration 

Testing Alignment 

Adjustement 

Installation 



8 

 

2.3 Corrective Maintenance 

As mentioned before, corrective maintenance can be delayed with a well-developed preventive 

maintenance strategy. However, from time to time, the reliability of the equipment and the effort 

made through preventive maintenance fail, and corrective maintenance is inevitable. Corrective 

maintenance is defined by Dr. Dhillon as: 

“The remedial action carried out due to failure or deficiencies discovered during preventive 

maintenance, to repair an equipment or item to its operational state.” (B.S. Dhillon, 2002). 

Unlike the preventive maintenance, corrective maintenance is an unscheduled action that is 

required when an unexpected failure occurs. This kind of activities will cause planning problems 

since it involves urgent attention that was not planned in the original schedule. This will lead to 

unexpected costs and possible delays. Therefore focusing on preventive maintenance is essential 

to reduce corrective maintenance time hence improving the total maintenance effectiveness (B.S 

Dhillon, 2002). 

2.4 Ratio Between Preventive and Corrective Maintenance 

According to P. Franzén, when a company starts performing maintenance it is common that a lot 

of corrective maintenance occur. This can be expensive for the company and cause problems 

with production planning and supply chain. To meet the demands of having machines and 

equipment ready for usage, companies want the equipment to never stop functioning and have a 

quality that never fails; however this is not reality in most cases. Therefore companies try to 

predict when the equipment will stop functioning by measuring the quality, variance and defects 

of components and transferring these data into a system of reliability. There is a learning curve 

on achieving this understanding of when the equipment will stop functioning which is based on 

the relationship between the preventive and corrective maintenance performed on the product. 

The quota between these factors is displayed in Figure 2-2 (P. Franzén, 2013).  

The figure displays that it is common with a high level of corrective maintenance in the 

beginning of a company’s maintenance work. However as time goes on, the company learns to 

understand the product, how often and in what way preventive maintenance should be performed 

to minimize the amount of necessary corrective maintenance. In theory it is possible to only 

perform preventive maintenance and not devoting any time to corrective maintenance; however 

this is difficult in reality (P. Franzén, 2013). 
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Figure 2-2. Ratio between corrective and preventive maintenance. It displays that it is common with a high level 

of corrective maintenance at the beginning but will decrease due to the increase of preventive maintenance (P. 

Franzén, 2013). 

2.5 Reliability 

Equipment reliability is a growing concept in today’s industry. In fact equipment reliability has a 

direct influence on factors such as product quality, production capacity and profitability. Dr. 

Dhillon explains the term as: 

“The probability that an item will perform its stated mission satisfactorily for the given time 

period when used under the specified conditions.” (B.S. Dhillon, 2002). 

In many studies, reliability analyses of different systems often lead to the bathtub curve. In fact 

the results show that the time-dependent failure rate of the equipment is frequently consistent 

with the shape of a bathtub, which is displayed in Figure 2-3 (B.S. Dhillon, 2002).  

The failure rate of a product can be defined as the number of failures in a specific period of time. 

As the figure illustrates, the bathtub curve is divided into three phases. The first phase is at the 

beginning of the product life-cycle where the failure rate is especially high but decreasing 

exponentially rapid. This period is also called the Burn-in period. The high rate of this phase is 

often related to design or manufacturing defects of the product. Since this is the early phase in 

the product life-cycle, problems such as incorrect installations, setup or use procedures are 

relatively normal. The company may also not have the time to establish a proper quality control 
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program or fully use the capacity of the final testing.  These issues cause poor quality and defects 

in the product which explain the high failure rate. However solutions are easily developed and 

the quality of the product increase rapidly and lead consequently to a decrease in the failure rate.  

In the second phase, called Useful-life period, the failure rate will attain a constant level. These 

failures are usually caused by random and unpredictable problems that occur at one or several 

stages in the product life-cycle, such as production or assembly. A company can try to minimize 

the failure rate by optimizing the processes. A certain level will however arise from human error, 

incorrect use of the work environment or unpredictable machine failures that cannot be avoided.  

The third and last phase is called the Wear-out period and it initiates when the product exceeds 

its useful-life period (G.A Klutke, P.C Kiessler, 2003). During this phase, the failure rate will 

start to increase exponentially over time due to wear of product caused by for example friction 

and corrosion. However the failure rate can be reduced considerably with an effective preventive 

maintenance program and good replacement policies by extending the useful-life period and 

postpone failure of equipment (B.S Dhillon, 2002). 

 

 

Figure 2-3. Reliability analyses of different systems can often lead to the bathtub curve. In fact the results show 

that the time-dependent failure rate of the equipment is frequently consistent with the shape of a bathtub (D.T 

Semere, 2012). 
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2.6 Design for Maintenance Lead to a High Level of Availability 

As it has been discussed earlier, it is important for a company to develop a well-defined 

maintenance strategy to implement the maintenance concept. This will create a proper 

methodology to prevent the system from failing or to restore it after failure. However the level of 

maintenance work performed does not only depend on the strategy implemented by the company 

but also on the maintainability of the system (A. Desai, A. Mital, 2006). C.T Morgan defines the 

term maintainability as: 

“The degree of facility with which an equipment or system is capable of being retained in, or 

restored to, serviceable operation.”(C.T, Morgan, J.S, Cook III, 1963). 

The level of maintainability is critical for enabling maintenance work. In fact if the equipment 

cannot be maintained in a reasonable time, there can be a high risk for late deliveries. This will 

not only induce higher costs, but also influence the availability of the product which will 

eventually lead to dissatisfaction of the customer.  

Achieving a design that take maintenance work into consideration is however not always evident 

and can be neglected in favour of designing for operability. In fact both designs have different 

goals and concerns. For instance, clearance between different parts within equipment is 

important to enable maintenance work but does not have any validity for the operability of the 

product. Therefore during the construction of an equipment or product, factors such as cost of 

production and the facility of using the product can be wrongly prioritized over design for 

maintenance. Another existing problem is that several workplaces are not designed for 

maintenance work, which can lead the technicians to work in ergonomically stressful positions to 

perform their tasks (A. Desai, A. Mital, 2006). 
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3 Lean Production 

Lean Production is a well-known concept within production management that aims at 

eliminating unnecessary waste and working towards continuous improvement. In fact, lean 

thinking provides a mind-set on how to perform work activities more efficient by converting 

waste into value (J.P. Womak, D.T. Jones, 2003). This chapter will present several tools and 

concepts within Lean Production that can be used to make the organization more effective and 

make the theoretical base for the empirical study. 

3.1 The Importance of Value Added Activities 

The most common goal for companies is to deliver products and services with the best quality 

and at the lowest cost possible.  In other words, the company wants to maximize value 

generation and eliminate all types of waste. Therefore it is critical to identify and differ between 

value added and non-value added activities. Value added activities are actions that produce value 

for internal or external customers by fulfilling their needs in terms of quality and cost. In the 

opposite, the non-value added activities are considered as a type of waste that cost a company 

time and money without any benefits (A.R Lapinski, M.J Horman, 2006). 

3.2 Standardized Work, a Prerequisite to Eliminate Waste 

One important goal that most companies aim to achieve when they are working with lean is to 

implement and develop a standardized work method for the organization. According to J. 

Olhager, a standardized work method can be defined as the best known method to perform a task 

by taking in consideration the lead time, safety, quality and costs. The idea with implementing a 

standardized work method is to create uniformity for the company to follow. Consequently each 

and every employee will perform a certain task in the same way. This will lead to a more even 

quality in the products and minimize the variation of lead time during production. Furthermore 

this standard will facilitate to identify and eliminate waste for the company (J. Olhager, 2000).  

According to D. Broman, the implementation process can be described in six different steps that 

are summarized in Figure 3-1. To succeed with the implementation of a standard, it is essential to 

start by creating an understanding for the current situation of the company and the tasks that are 

included in the task instructions. After that a standardized work method can be created. During 

this step an analysis of the working sequence is performed and an elaborate operation description 

is presented. Before using the standard it is important to balance the process, which means to 

evenly distribute the tasks between technicians and stations by taking the tact time into 

consideration. The standard will be overall and describes the operation sequence and displays the 

operation time, duration, important comments and descriptions on how to perform the task. 

During the implementation of the standard the leaders of the company play critical roles. In fact 

it is important that everyone within the company know and understand the standard to be able to 

apply it. It is also essential to recognize the importance of a standard work method and why the 

company wants to implement it. However a standard work method is not for sure the best 
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method but it is the best known method. Therefore it is fundamental to keep working with the 

standardized work method in order to develop and improve it. This can be done by for example 

rebalancing the process and finding new ways to perform tasks that will lead to a shorter lead 

time (D. Broman, 2011).  

 

Figure 3-1. Six steps to implement and develop a standardized work method in a company. The four first steps 

concern the implementation of a standard and the last two are about improving and rebalancing it. 

3.3 The 5S Toolbox for Creating an Organized Work Environment 

According to A. Chiarini, 5S is a simple and effective tool that can be used to improve the 

tending and maintain order in the workplace. This tool enables the possibility to increase the 

productivity and quality of the product. The principle of 5S describes the importance of 

availability of necessary items, when they are needed, not more or less. The principle was first 

created at Toyota in Japan, but has been translated into many languages and implemented in 

companies all over the world. In English the different 5S’s stand for: Sort, Set, Shine, 

Standardize and Sustain, and are explained below. These are illustrated in Figure 3-2. 

 Sort: Clean the work area. It should only be equipped with the necessary items to perform 

the operations of the work area. All other items should be removed (sorted out). 

 Set (in order): All items should be in its right place. Everything in the work area should 

have an assigned place with an appropriate marking. 

 Shine: The work area should be clean and clear. This includes removing trash, dirt, dust 

and garbage. It is important to work towards preventive housekeeping – keeping the work 

area clean and removing potential dirt spreaders instead of cleaning the work area when it 

is already dirty. 

Improving the standard 

Improving  Rebalancing 

Implementing a standard                                   

Describing the work and 
tasks of the current 

situation 
Creating a standard Balancing the process Using the standard 
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 Standardize: Everyone should perform tasks in the same way. Everyone in the 

organization should be involved in the standardized work and the most efficient method 

should be implemented over the entire organization. One example is to create 

standardized routines for how to clean the work area, divide responsibilities and display 

the appropriate tools. 

 Sustain: Ingraining 5S into the organization for the future. Implementing the 5S’s will 

demand a cultural change in the company which means that it has to be applied by 

everyone on all levels of the organization. An effective way is to use visual tools such as 

checklists and log books (A. Charini, 2013). 

 

Figure 3-2. 5S is a toolbox that can be used to improve the tending and maintain order in the workplace. The five 

steps of 5S describe the importance of availability of necessary things, when they are needed, not more or less. 

3.4 Muda, a Concept for Eliminating Waste 

According to J. Olhager, actions that do not add value to the products or services for the internal 

or external customers are classified as waste. Muda is a concept developed at Toyota industry in 

Japan that aims at eliminating all types of waste to make the organization more cost efficient. 

The original concept was built on seven wastes, however one additional waste has later been 

included which has given the title of the concept 7 (+1) Wastes. The types of waste are 

illustrated in Figure 3-3 and further explained below. 

 Over-processing: Unnecessary operations such as a second control or duplication of work 

are classified as over-processing.  

 Over-production: Produce more than necessary or earlier than necessary. 

 Wait: Waiting for a process to begin while another is being finished. An example can be 

information that is not yet available, late delivery of material and maintenance on tools or 

machines. 

 Transportation: Example of waste through transportation can be unnecessary 

transportation of material, wasted floor area, unnecessary material handling and complex 

information flow. 

Sort Set Shine Standardize Sustain 
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 Motion: Unnecessary motions during work, for example when an assembler is bending, 

reaching, or lifting objects. Another waste in motion can for example be unnecessary 

walking to printer. 

 Inventory: The inventory levels should be held as low as possible to decrease tied up 

capital. This is for example raw material, work-in-progress (WIP) or finished products 

waiting to be sent to customers. 

 Defects: Production of products with lack of quality or defect products that need re-work, 

scrapping or delays. 

 Unused competence: When a company does not use the knowledge, experience and 

creativity of the personnel. This waste was not originally in the seven wastes but has later 

been included as the eight waste (J. Olhager, 2000). 

 

Figure 3-3. The 7 (+1) Wastes is a concept that displays the different kind of wastes that appear in a 

manufacturing company. The original concept was built on seven wastes; however one additional waste has later 

been included which has given the title of the concept (M. Broman, 2011). 
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3.5 Toyota’s 14 Principles 

According to J. Liker, the 14 principles of “the Toyota Way” have been a source of inspiration 

for many companies and industries when it comes to implementing lean. The main idea with the 

14 principles is to create a philosophy of problem solving and continuous improvement. The 14 

principles are the foundation of the Toyota Way and are divided in four categories that will be 

listed below.   

Category: Long-term philosophy 

 Principle 1: Base your management decisions on a long-term philosophy, even at the 

expense of short-term financial goals.  

Category: The Right process will produce the right results 

 Principle 2:  Create a continuous process flow to bring problems to the surface. 

 Principle 3: Use “pull” systems to avoid overproduction. 

 Principle 4: Level out the workload (heijunka). 

 Principle 5: Build a culture of stopping to fix problems, to get quality right the first time. 

 Principle 6: Standardized tasks and processes are the foundation for continuous 

improvement and employee empowerment. 

 Principle 7: Use the visual control so no problems are hidden. 

 Principle 8: Use only reliable, thoroughly tested technology that serves your people and 

processes. 

Category: Add value to the organization by developing your people 

 Principle 9: Grow leaders who thoroughly understand the work, live the philosophy, and 

teach it to others. 

 Principle 10: Develop exceptional people and teams who follow your company’s 

philosophy. 

 Principle 11: Respect your extended network of partners and suppliers by challenging 

them and helping them improve. 

Category: Continuously solving root problems drives organizational learning 

 Principle 12: Go and see yourself to thoroughly understand the situation (genchi 

genbustu). 

 Principle 13: Make decisions slowly by consensus, thoroughly considering all options, 

implement decisions rapidly (nemawashi). 

 Principle 14: Become a learning organization through relentless reflection (hansei) a 

continuous improvement (kaizen) (J. K. Liker, 2004). 

Some of these 14 principles can easily be implemented while others are long-term philosophies 

that continuously demand time and effort from the company. Many of the principles are not only 

based on practical improvements in production but concern the mind-set and culture of the entire 

organization (J. K. Liker, 2004).    
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4 Alstom 

This chapter will start by giving a brief presentation of Alstom as a company with information 

concerning revenues, divisions, products and employees. It will further display how the Coradia 

Nordic X60 train is constructed. 

4.1 Company Background 

Alstom’s business is divided into four main divisions: Thermal power, Renewable power, 

Transport and Grid (Alstom, 2011). This chapter will give a brief background of Alstom 

worldwide and in Sweden, to further present some of the production management tools for 

continuous improvement implemented at Alstom Transport. 

4.1.1 Alstom, Worldwide  

The company has a vision of selling entire projects; deliver transport through trains, support it 

with the power source desired by the customer and construct the grid for transferring the power 

to the trains. The company’s goal is to create an environmentally friendly infrastructure for a 

modern society. Alstom sales went up to 19.9 billion euro the year 2011/2012 and is today 

present in around 100 countries with approximately 92 600 employees, mainly in Europe and 

Asia. From the beginning Alstom became successful through their technology in turbines, and 

now close to 25 % of the world’s power production capacity depend on Alstom’s technology and 

services. Figure 4-1 illustrates the distribution of sales volume between the four categories 

during 2011/2012. 

 

Figure 4-1. Distribution of sales volume in Alstom’s four divisions during 2011/2012. The figure shows that 

Thermal Power represents the majority of sales volume with 44%.  



18 

 

Alstom Transport is the world leader in the production of urban transports such as tramways and 

metro. They have attained this leadership by developing good knowledge and expertise in rolling 

stock, infrastructure, signalling and services. The company has a range of products and services 

extending from low speed with short distance to high speed with long distance. (P, Kron, 2012) 

4.1.2 Alstom, Sweden 

Alstom’s four divisions are all present in Sweden with approximately 1000 employees. The main 

focus is however on thermal power and transport with sites all over the country. 

The main goal for Alstom Transport is to deliver fully functional, clean and reliable trains to the 

customer and meet their demands in terms of punctuality and safety of the trains. Alstom 

Transport performs maintenance on the commuter trains in Stockholm in three depots stationed 

in Älvsjö, Södertälje and Bro. There are several partners involved in the process from 

manufacturing of the trains to having the trains ready for traffic. The trains are manufactured by 

Alstom (Rolling Stock) in Germany and then bought by SL. In Stockholm, SL has hired Alstom 

Transport TLS (Train Life Services) to perform the maintenance on the trains. Finally 

Stockholmståg is Alstom’s customer but have the mission from SL to supply the traffic with 

train drivers and personnel at train stations. This long chain of stakeholders lead to an extensive 

decision process and several negotiations before Alstom can implement a change of construction 

or in the maintenance work instruction (O. Jonsson, 2013). The chain of firms and the decision 

process are illustrated in Figure 4-2. 

 

Figure 4-2. The connection between the partners involved in the process from manufacturing of the trains to 

have the trains ready for traffic. It shows that it is a long chain for decisions when Alstom wants to make a 

change that concerns Rolling Stock. 

Rolling Stock, 
Alstom 

SL Stockholmståg 
TLS,        

Alstom 

http://www.alstom.com/about%20us/
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4.1.3 Alstom Transport’s Tools on Continuous Improvement 

To achieve their objectives in the most efficiency way, Alstom Group has created and developed 

their own production system called Alstom Production System (APSYS). The system is inspired 

by the concept of Lean Production that has been explained earlier in the report and is based on 

implementing a standardized work method for all Alstom’s factories. The purpose with the 

system is to attain success in safety, quality, costs and delivery while working with continuous 

improvement. Therefore APSYS focuses on five key domains that are displayed in Figure 4-3. 

Management gives support to Quality, Supply Chain and Industrialization that then can support 

the production in an effective way. With a good communication between these domains, it is 

possible to implement tools from APSYS to the production. 

 

Figure 4-3. Five key domains in Alstom's production system. Leadership gives support to Quality, Material 

supply and Industrialization which then can support the production in an effective way. 

By the implementation of a standardized work system, it is easier to identify and eliminate waste 

and non-added value activities such as rework and unnecessary operations.  Therefore, Alstom 

Group implemented the Single Week Improvement Program, SWIP, which consists of working 

with a full-time multidisciplinary team on a specific task during five successive days. The goal is 

to optimize the layout and the maintenance process by improving the work methods and reduce 

waste. Alstom does also have a system called Traindoc that consists of task descriptions for the 

maintenance operations that will support the technicians in understanding how the maintenance 

routines should be performed (M. Sterner, 2012) . 
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4.2 X60 Train 

The X60 train is 107.5 meters long and weigh approximately 205 tonnes. The X60 train consists 

of six carriages called A1, M1, M2, M3, M4 and A2, one driver’s cabin in each end of the train 

and seven bogies. This is illustrated in Figure 4-4. This chapter will further explain the important 

modules and equipment that exist on an X60 train. 

 

Figure 4-4. The X60 train from the side, displaying the six carriages, with one driver’s cabin at each end of the 

train, and seven bogies under the train. (C. Lyderstedt, 2013). 

4.2.1 Roof 

On the X60 train many important modules that contribute to the functionality of the train are 

placed on the roof. This is to avoid ice build-up that can arise if these modules are placed under 

the train. Figure 4-5 shows the roof platform from where the maintenance work on the roof is 

performed. 

 

Figure 4-5. The roof of the train with connecting platform and safety fence. As displayed in the picture, many 

important modules of the train are placed on the roof. 



21 

 

The pantograph continuously conducts current to the train while it is moving. The X60 train 

consists of two pantographs, positioned on M2 and M3; however it is always just one of them 

active on the train. They are constructed with a channel of air pressure underneath and if the 

operating pantograph would be damaged, a valve sensor senses that the air pressure is gone and 

the pantograph is then being disconnected from the wires. This way, the train still has one 

functional pantograph that can take the train safely back to the workshop for maintenance. The 

pantographs are illustrated in Figure 4-6.  

 

Figure 4-6. Illustration of the pantographs positioned between M3 and M2. The pantograph continuously 

conducts current to the train while it is moving, however it is always just one of them active on the train 

(Traindoc, Internal source, 2013).  

 

The X60 train is equipped with six big Heating Venting Air Conditions (HVAC), one for each 

carriage, and two small HVAC, one for each driver’s cabin. These modules regulate the air 

temperature and air humidity inside the entire train. The systems are equipped with both electric 

heating systems for heating the air and air-conditioning system for cooling the air.  

The three main transformers are mounted on the roof and deliver 920 V of Alternating Current 

(AC). This current is then converted by auxiliary converters into rectified 900 V, which is     

1800 V of Direct Current (DC). Every DC link of 1800 V supports power to the engines and 

HVAC over the passengers’ cabins. There are four auxiliary converters on the train that also 

supply the voltage levels of the on-board equipment. 

There are three traction systems on the train which work as a part of the propulsion system. 

These transfer power to the bogies and can be considered as the gear box of the train. The 

temperature of the traction systems is regulated by traction motor coolers that are arranged on the 

vehicle roof. 

The X60 train has two roof-mounted battery cubicles that function as back-up power if the 

pantographs would stop working. They ensure that the train still has power in the workshop even 

when disconnected from the power lines. 
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The X60 train is equipped with two Air Generation and Treatment Units (AGTU) which are 

positioned on carriage M1 and M4. It delivers dry and clean compressed air to the different air 

consumers and is mostly used for the compressed air brakes and the air suspension. Only one of 

the AGTU’s is active at one time and the other is stand-by for when the air consumption is 

especially high. These two devices are periodically active every second day.  

The X60 train has two high voltage cases that are part of the propulsion system and are mounted 

on the roof of carriage M2 and M3. Their function is to protect the system from damage due to 

switching between voltages, to supply power to the propulsion systems in case of a short circuit 

or system overload. The function is also to earth the 15 kV circuit before maintenance work can 

be performed on the train (Traindoc, Internal source, 2013). 

4.2.2 Platform and Inside the Train 

A lot of the equipment inside the train are visible to the passengers, for example doors, seats, 

bars, gangway, lighting and fire extinguishers. However there are some devices that are hidden 

for the passengers, for example fire alarm systems, brake control systems and electrical systems. 

The driver’s cabin is well equipped with for example an ergonomically designed seat, 

communication systems, microphone, smoke detectors and controls for traction effect and brake. 

Figure 4-7 illustrates some equipment inside the train (Traindoc, Internal source, 2013). 

 

Figure 4-7. Illustration of some of the existing equipment and interior that can be found inside the train. 

Equipment illustrated in the picture are for example seats, bars, and lighting.  



23 

 

4.2.3 Under the Train 

The train is equipped with seven bogies; one in the front, one in the back and one between every 

set of carriages. The bogies consist of, among other things, a frame, wheels, brake equipment, 

traction chain, suspensions, piping and electrical components. An example of a bogie is 

illustrated in Figure 4-8. The main function of the bogies is to transfer the power from the train 

to the rail and make the train move forward but also to control the brakes. There are three kinds 

of brakes on the X60 trains; mechanical brakes, electrical brakes and magnetic track brakes 

(Traindoc, Internal source, 2013). These brakes are controlled by a system called Electro 

Pneumatic Advance Control (EPAC) that is further explained later in Chapter 5.4. 

 

Figure 4-8. Two different views displaying bogies on the underside of the train with connecting platform. The 

bogies consist of, among other things, a frame, wheels, brake equipment, traction chain, suspensions, piping and 

electrical components. 
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5 Current Situation 

A6 is a maintenance routine is performed once every year or after 180 000 km on every X60 

train in Älvsjö depot. The contract with SL states that Alstom Transport has 66 calendar hours 

for an A6 maintenance routine until Stockholmståg demands the train back for traffic. This 

chapter will present how the workshop is organized and existing organizational issues. It will 

follow with a description of the current problematic operations in the A6 maintenance routine. 

The work methods and problems that follow are observed in Älvsjö depot and do not have to be 

related to other Alstom depots. The chapter ends with a survey that presents the technicians’ 

view on which operations that are the most problematic. 

5.1 Structure of Älvsjö Depot 

The depot in Älvsjö consists of nine train tracks where the three first are reserved for regular 

maintenance work on the older trains X10, track 4 and 5 for maintenance on X60, track 6 and 7 

for defrosting and track 8 and 9 are for heavier maintenance work. The depot is built with three 

platform levels where the technicians perform maintenance; one platform in ground level to 

access the cabins, one platform for the roof and an underground basement to access the underside 

of the trains. These platform levels are shown in Figure 5-1. The train is in a fixed position 

during the entire maintenance and the technicians move to different parts of the train to access 

the equipment.  

 

Figure 5-1. Overview of the depot in Älvsjö. The picture on the left illustrates three platform levels where the 

technicians perform maintenance and the picture on the right shows an overview of the depot. 



25 

 

The shift schedule in Älvsjö depot is built on seven shifts; three working mornings and 

afternoons, three working nights and one always working day time. The idea is to finish two A6 

maintenance routines during one week; one should start on Monday morning and be finished 

Tuesday evening, and another should start on Thursday morning and be finished Friday evening. 

Wednesday is dedicated to other maintenance work. An A6 routine is never supposed to be 

performed during a night shift when other shorter maintenance routines have higher priority. 

5.2 Rapid Plant Assessment 

To determine the organization’s strengths and weaknesses, an evaluation called Rapid Plant 

Assessment, developed by R. Eugene Goodson, has been performed on the Älvsjö depot. The 

aim with this tool is to inspect the leanness and structure of the depot by evaluating eleven 

different categories. They have 20 corresponding questions that are answered with a value from 

1 to 11, one being poor and eleven being best in class. Table 5-1 shows the link between the 20 

questions, which can be found in Appendix 1, and the eleven categories with corresponding 

score. Every question is illustrated by xi, where i is the corresponding question number. The 

position of xi corresponds to the given rating to the question. The category score is an average of 

the ratings from those questions corresponding to its specific category. These category scores are 

then summarized to a total score that has a range between 11, which will signify poor in all 

categories, and 121 which will implicate a rating of best in class in all categories. The average 

total score is 55 (R.E. Goodson, 2002). 

The study gives a total score of 64.3 for Alstom’s depot in Älvsjö. The table shows that the 

lowest category score is five for the depot; however 91% of the categories have a distribution of 

the question ratings extending over at least four ratings. 
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Table 5-1. Rapid Plant Assessment result. The table shows eleven different categories with corresponding 

questions and their ratings. Every question is illustrated by xi, where i is the corresponding question number. The 

position of xi corresponds to the given rating to the question. Every category is evaluated to an average score 

which is summarized to a total score of the study. The total score for Alstom’s depot in Älvsjö is 64.3. 
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5.3 Organizational Issues 

The man hours spent on an A6 maintenance routine vary depending on for example how old the 

train is, technician competence, availability of tools and damages from traffic. Figure 5-2 shows 

the variation of the man hours on A6 maintenance during 2012.  

 

Figure 5-2. This graph illustrates the variation of man hours on A6 maintenance during 2012. It shows an 

average of 133 hours, a standard deviation of 24 hours and a range of 110 hours. It also displays an increasing 

trend of man hours. 

The figure shows that the man hours spent on an A6 maintenance routine extend from 79 to 188 

man hours with an average of 133 man hours. It also displays an increasing trend of man hours 

during the year of 2012. These numbers are collected from Alstom Transport’s personnel system 

where the technicians report how much time they have spent on a specific maintenance routine. 

However a time-study has been performed where the technicians estimate the performance time 

of every operation. This study resulted in a total operation time of 114 man hours. The variation 

in man hours spent on A6 maintenance is not deeply analysed in this study, however this chapter 

will present some observed issues that can have a contribution to the variation of man hours.  
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5.3.1 Communication 

As mentioned earlier, there are seven shifts performing maintenance during different hours of the 

day. Therefore Alstom has a shift handover at the end of every shift to go over the various 

problems that have occurred during the previous shift. However during these meetings there is 

low focus on what operations that have been performed and what the next shift should proceed 

with. The next shift either reads through the checklist or goes through the actual train to see what 

is already performed.  

A survey has been held during the project and consists of four open questions and has been 

answered by thirteen technicians. The outcome of the question “What operations do you think 

are unnecessary on the A6?” is demonstrated in Figure 5-3. The result shows that the technicians 

believe that some operations are unnecessary to be performed during an A6 maintenance routine 

according to their experience. The understanding of why the operations are performed is not 

established in all the technicians. It is possible that some of the operations are performed too 

often in relation to reliability and dependability. Moreover Alstom does not have a clear 

communication of why the operations are performed. In the survey, the inspection of the 

gangway and short coupler link are managed as two different operations. However in chapters 

concerning the performance of the operations, the two operations are handled as one larger 

operation since they share problems and are performed in sequence. The remaining three 

questions are covered later in this chapter.  

 

Figure 5-3. Graph showing the technicians’ opinion on what operations that are unnecessary according to their 

experience. The result from the survey shows that there is a variation on what operations that are considered 

unnecessary. This points to that there are several operations where there is lack of communication of why it is 

performed. 
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5.3.2 Different Work Methods 

The technicians at Alstom Transport do not work according to a common sequence of operations 

on the A6 maintenance routine. It is common that the technicians choose an operation from the 

checklist, that for the time being seems interesting, which makes it difficult to know when a 

certain operation will be performed. It is also common to leave short operations to the end of the 

shift instead of starting a more time-consuming operation. The reason is that the technicians want 

to finish a task instead of handing it over half-finished to the next shift. It has occurred that 

difficult and time-consuming operations have been postponed to the end of the maintenance 

routine, which has led to sudden delays in delivery to traffic. 

The technicians perform some operations in different ways; some add extra tasks because of 

common sense or experience when others follow the task description strictly. Some technicians 

believe that it is easy to misinterpreting the task description in the system Traindoc.  This can be 

a waste of time but it also creates a variance in the quality of maintenance on the trains. 

An example that illustrates this problem is the work performed on the HVAC that regulates the 

air temperature and air humidity inside the entire train. Some technicians drag a vacuum nozzle 

over the isolation that is attached to the bottom side of the hatch. The isolation is there as a 

silencer but also to keep the temperature of the HVAC stable. This operation is not mentioned in 

Traindoc, however some technicians think it is a necessary task based on their experiences 

(Traindoc, Internal source, 2013). Dragging the vacuum nozzle creates cracks in the isolation 

that degrades the quality and spreads small unhealthy isolation particles into the air. 

5.3.3 Planning 

At Alstom Transport it is common to have last minutes changes in the planning of what train that 

is under priority. One reason is that the customer Stockholmståg sometimes asks for a train to be 

delivered earlier because of changes in traffic or external influences such as signal errors. This 

forces Alstom to change the priority and makes the technicians focus on another train instead, 

sometimes even in the middle of an operation. This creates a lot of set-up time between every 

type of maintenance which can be a major time consumer. 

There has also been observed at several occasions that late changes of what train that will arrive 

for maintenance occur. Alstom Transport can ask for a certain train for maintenance; however it 

is not common that the desired train is delivered. This forces Alstom Transport to perform last-

minute planning which can create problems in supply chain, late deliveries and scheduling. For 

example when an unscheduled train comes in for maintenance and Alstom Transport is waiting 

for a delivery of spare parts for that type of maintenance. This can delay work and force Alstom 

to deliver a train with several tasks unperformed, which they have to complete at a later 

occasion. 
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5.3.4 Working Conditions 

Several operations are ergonomically stressful to perform on the A6 maintenance routine for X60 

trains. It involves bending down when working on the components positioned on the roof, but 

also work over the shoulders when operating inside and under the train. The work place has high 

potential to be improved in the matter of sorting, structure and standardization of tools, spare 

parts and removed components. For example when removing screws, that later will be 

reattached, inside the train; the technicians simply place the screws on the seats. Another 

example is when checking the motor of the windscreen viper. Here the technicians have to 

remove the heavy and ungainly front cover which they have no assigned place for. Therefore 

they either place it on the mobile working platform where it is always in the way, or have to 

climb down the working platform which involves heavy lifting and takes time. 

The depot consists of nine train tracks and has one storage room for important tools like for 

example heavy screw drivers and measuring instruments. It happens that tools are being used by 

another technician when there is active maintenance work on several trains. Then the technician 

leaves that operation unfinished, starts a new one and continues with the first operation later 

when the tool is available. This can create confusion and frustration in the depot, but is also 

wasting time for the technicians. 

One especially interesting issue in the work environment is the safety fence located on the 

platform connected to the roof. The fence consists of fixed parts and gates that are able to stay 

opened by magnets. The fence stands very close to the train which prevent the technicians from 

working on the components from the platform and forces the technicians to stand on 

unauthorised area which might cause damage to the equipment or the technicians. The 

technicians often perform tasks leaning towards the safety fence because of lack of space. The 

lack of space between the fence and equipment on the train is illustrated in Figure 5-4. 

 

Figure 5-4. The lack of space between the fence and the equipment on the train. The figure also illustrates the 

air-filled rubber frame between the platform and the train which is impossible and dangerous to stand on. 
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The figure also shows an air-filled rubber frame between the platform and the train which is 

impossible and dangerous to stand on. There have been several cases where a technician has 

gotten pinched in the gates when dragging the nozzle of the vacuum cleaner over the fence. A 

reason can be that the magnets are too weak or that the fence is too close to the train so that it is 

easily touched by mistake. 

Another issue concerning the work conditions is related to the heavy and ungainly lifting 

performed during the maintenance routine. One example is the maintenance on the batteries that 

contain two nickel-cadmium batteries and several other components such as fuses, contact blocks 

and contactors. To access these components the technician has to open hatches that are mounted 

with eight square key lock and several large clips. The technician then lifts the ungainly hatches 

in the size of around one square meter, while standing on the knees and places it on other 

equipment or somewhere else on the train, because of the lack of space. This makes the working 

environment disorganized and is ergonomically stressful for the technicians. They are also forced 

to stand on unauthorized area to access the hatches, which might affect the function of the 

equipment negatively. One of the batteries is displayed in Figure 5-5. 

 

Figure 5-5. One of the two roof-mounted battery cubicles with the heavy and ungainly hatches that the 

technicians have to remove to access the components inside the battery (Traindoc, Internal source, 2013). 
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5.4 Time-consuming Operations 

Some operations are highly time-consuming, ergonomically stressful and vary in operation time 

between the different trains. This study consists of five time-consuming operations: test of EPAC 

brake control system, test of the fire alarm system, lubrication of doors, cleaning and function 

test of brake indicators and inspection of the gangways. This chapter will display how these 

operations are performed today and what existing problems there are. One common time-

consuming factor when performing maintenance on the X60 train is that components often are 

difficult to access. At several occasions the technicians have to remove components such as 

shell, chairs and ceiling which might take several hours but performing the actual inspection only 

take seconds. The performing time of the five operations in relation to the total operation time of 

the A6 maintenance routine is illustrated in Figure 5-1. The total operation time for the A6 

maintenance routine is 6291 minutes which is approximately 105 man hours. 

 

Figur 5-1. The performing time of the five operations in relation to the total operation time of the A6 

maintenance routine. The total operation time is 6291 minutes which is approximately 105 man hours. 

5.4.1 EPAC Brake Control System 

The brakes are connected to EPAC brake control systems that are positioned in the compartment 

boxes under the seats. There is one control system for every bogie with brakes, therefore a total 

of six control systems on the X60 train. The current situation of every EPAC is displayed on the 

control panel in the driver’s cabins. The technicians perform a function test that includes 

checking the settings and the pressure in both the gangways and the brake system. The test 

checks the functionality of the mechanical brakes, the electrical brakes and the magnetic track 

brakes. 
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The technicians connect a pressure gauge through several valves in the compartment boxes to 

check the settings of the EPAC. However some of the valves cannot be accessed through the 

opening of the compartment boxes which forces the technicians to remove three seats and a 

hatch which is both ergonomically challenging and time-consuming. This procedure is shown in 

Figure 5-6. These objects are mounted with 24 screws with three different kinds of bits, which 

results in a lot of tool-changing time. The hatch and the three seats also need to be reattached 

after the test is finished. This operation takes 380 man minutes to be performed. 

 

Figure 5-6. The procedure for accessing the EPAC that includes removing the seating pad, screws for every 

chair, back plate and the hatch (Traindoc, Internal source, 2013). 

5.4.2 Fire Alarm System 

There are three parts in the process of inspecting the fire alarm system; a checking of the control 

unit 110/2, a control of the temperature detectors in the compartments and an inspection of the 

optical smoke detectors in the driver’s cabins. The first and second tests are carried out at the 

same time. The total performing time for these operations is 396 man minutes. 

When checking the control unit 110/2 and temperature detectors in the compartments the 

technicians start by removing the pole that is clamped between the floor and ceiling. After that 

they have to remove the lighting fixture that consists of three pieces on each side. Left is to 

remove the inner ceiling to have access to the temperature detectors and the control unit 110/2. 

Removing these components is both highly time-consuming and ergonomically stressful for the 

technicians with all the work over the shoulders. 
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The technicians use a heat gun to test the temperature detectors. A signal is sent to the driver´s 

cabin if the temperature detector is functional which the technician has to confirm to make a new 

test. Therefore Alstom strive to have one technician in the driver’s cabin that clears every test 

when it is finished. Otherwise a technician would have to go back and forth to the cabin between 

every test. There are two temperature detectors at each door and one control unit 110/2 per 

carriage, i.e. there are four temperature detectors connected to every control unit 110/2. This unit 

is supposed to give a signal to the cabin when the circuit is broken. The technicians test this by 

removing one detector to inspect if the control unit signals the cabin that the circuit is broken, 

which declares that the control unit is functional. Figure 5-7 shows a fire detector located above 

the inner ceiling in one of the compartments. After completing the tests, the technicians reattach 

every ceiling, lighting and pole to the train.  

 

Figure 5-7. Fire detector mounted behind the inner ceiling (Traindoc, Internal source, 2013). 

There is a difference between the technician teams on how many technicians that are working in 

the compartments, but most common is the option of two or four technicians. In the second case 

two technicians remove the covering components while the other two perform the actual tests. 

When the test is finished the first two technicians reattach the components. 

The third operation concerning the fire alarm system is to verify the functionality of the optical 

smoke detectors in each driver’s cabin. The technician opens a hatch through a square key lock 

and sprays a test gas on the detector that signals the cabin if it is functional. Thereafter the 

technician clears the signal in the cabin and closes the hatch. 



35 

 

5.4.3 Lubrication of Doors  

During the lubrication of the doors the technicians remove all the old lubricant and dirt from the 

sealing rubber around the doors by using a brush, sponge or cleaning cloth. It is allowed to use a 

mixture of mild detergent and water or a dry cloth if necessary. The technicians then apply new 

expensive lubricant on the rubber sealing and remove the abundance with a dry lint-free cloth. 

One problem with this method of work is that there in some cases have been unnecessary 

amounts of lubricant left on the sealing rubber as shown in Figure 5-8. There have been 

complaints from passengers that they have gotten lubricant on their clothes when travelling with 

X60 trains. The lubrication of doors takes 336 man minutes to be performed. 

 

Figure 5-8. Lubrication of doors with displays of the sealing rubber that the technicians lubricate with fat and an 

example of an unnecessary amount of lubricant. 

5.4.4 Cleaning and Function Test of Brake Indicators 

The X60 train has brake indicators attached to every bogie which purpose is to show what brakes 

are active on the train. The mid indicator is connected to the parking brake and the other two are 

connected to service brakes. The indicators show a red colour for active brakes and a green 

colour for passive brakes. Figure 5-9 shows one set of three brake indicators. The brake 

indicators’ only function is to be a visual insurance that the brakes are functional. In fact 

Stockholmståg wants to have visual control of the brakes in addition to the brake tests that 

Alstom and drivers perform before sending the trains into traffic. The operation includes 

checking that all the brake indicators show the correct colour and cleaning them in soapy, warm 

water by using a soft cloth or sponge. The operation is further to check that the perspex is not 
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damaged or cracked, and that the protection film is not loose or damaged. If any damage to these 

components is found, the technicians have to change the components, which is common if the 

brake indicators are not completely new. The damage varies depending on, among other things, 

how recent the train was delivered, weather and earlier maintenance. Therefore the operation 

varies in time and sometimes makes the lead time exceed the agreement which Alstom Transport 

has to pay for. 

 

Figure 5-9. Brake indicators which purpose is to show what brakes are active on the train. The indicators show a 

red colour for active brakes and a green colour for passive brakes. 

The biggest influence on the damage on brake indicators is detergent for removing graffiti. When 

graffiti is found on a train, it is taken out of traffic for cleaning from an external firm. This 

company sprays the train with a detergent that corrodes into the brake indicators glass, which 

creates cracks in the perspex when the train is taken into traffic. Alstom Transport has tried 

several other types of glass but with worse or the same result. The detergent is therefore too 

corrosive for the perspex but might be necessary to remove the graffiti. The total time for 

performing cleaning and function test of the brake indicators is 480 man minutes.  

5.4.5 Gangways 

There is equipment inside the gangways that need to be visually inspected for the X60 train to be 

secure out in traffic. Two components that are positioned within every gangway are the roll 

damper that is fastened above the inner gangway and the short coupler link mounted under the 

inner gangway. A set of air-hoses can also be found inside the gangways. The inspection 

includes looking for oil leakage, defective welded joints and unaligned fastenings. To open the 

gangway, the technician has to remove several screws that fasten the gangway around a metallic 

frame. This has to be done with a small screwdriver caused by the limitation of space, which 
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requires much force from the technician to get enough torque. Then it is possible to remove the 

gangway from the metallic frame which is more difficult on a new train with a stiffer gangway. 

Therefore depending on how long the train has been in traffic, the operation time for inspecting 

the interior equipment of the gangway varies. On stiffer gangways the technicians tend to use 

other tools to access the interior equipment, for example a crowbar as shown in Figure 5-10.  

 

Figure 5-10. Illustration of a technician using a crowbar to access the interior equipment inside the gangway (O. 

Jonsson, 2012). 

The gangway has to be reattached after the inspection which is even tougher than removing it. 

The technicians have to stretch the gangway around the metallic frame, which is problematic 

because of the stiffness in the gangway, when attaching one side of the gangway the other side 

often come loose. Therefore it is preferable to be two or three technicians when performing this 

operation. Visual inspection of these components is a time-consuming and ergonomically 

stressful operation. The actual inspection takes a few minutes, however accessing the roll damper 

and the short coupler link takes effort and time. In fact the total operation time is 790 man 

minutes. 
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5.5 Survey 

A survey was held to give the technicians’ view on what operations that are the most time-

consuming, ergonomically stressful and have the highest time variance. The survey consisted of 

four open questions and has been answered by thirteen technicians. This gives understanding of 

whether the observed problems in the A6 maintenance are correct or if there are other more 

problematic operations. The result of the survey is illustrated in Figure 5-11 to Figure 5-13. 

Figure 5-11 shows the technicians’ opinion on which operations that are the most time-

consuming. The result indicates that 67% of the participants believe that the most time-

consuming operation is the maintenance work on the gangway. 22% consider the inspection of 

the short coupler link as the most time-consuming operation. The last 12% are evenly distributed 

between the test of the fire alarm system and the cleaning and function test of the brake 

indicators.  

 

Figure 5-11. The technicians’ opinion on what operations that are most time-consuming. The graph shows that 

performing operations within the gangway is considered the most time-consuming activity. 

Figure 5-12 illustrates the technicians’ opinions on which operations that are the most 

ergonomically stressful. Nevertheless, the maintenance work performed on the gangway and the 

inspection of the short coupler link have once again the majority of the opinions with 33% and 

29%. The third most ergonomically stressful operation with 24% is, according to the technicians, 

the EPAC test. Finally, the last 14% believes that the test of the fire alarm system is the most 

ergonomically stressful. 
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Figure 5-12. The technicians’ opinion on what operations that are highly ergonomically stressful. The graph 

shows that performing operations within the gangway is considered the most ergonomically stressful operation. 

Figure 5-13 illustrates the operations that are the most time variant. The survey shows that there 

are three operations with a high time variance. The first one is the cleaning and function test of 

the brake indicators with 44%, the second one is the maintenance work performed on the 

gangway with 38%, and finally the inspection of the short coupler link with 18%.  

 

Figure 5-13. The technicians’ opinion on what operations that have high time variance. The graph shows that 

performing operations connected to the gangway and brake indicators are considered the most time variant 

operations.  
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6 Ideas for Improvement 

This chapter will display the improvements suggested by the project group. It will start with 

organizational improvements and then continue with improvements for the earlier mentioned 

time-consuming operations. The chapter will conclude with a total result from the operational 

improvements. 

6.1 Organizational Improvements  

This section discusses possible improvements that can solve some of the organizational issues 

that have been discussed earlier. 

6.1.1 Communication 

During the shift handover there is low focus on what operations that are completed and what the 

next shift should proceed with. It is preferable that a few minutes of the meeting are dedicated to 

an update on what operations that are completed. A suggestion is that the team leader is 

responsible for this briefing.  

The survey performed during the project shows that the technicians do not have the full 

understanding of why certain operations are performed in a specific way. It is therefore 

necessary that the production management have a clear leadership towards the technicians and 

educate them on the importance of every operation. Alstom could for example introduce 

workshops once every month where production management and technicians discuss the 

importance of the maintenance work. 

6.1.2 Different Work Methods 

It has been observed that the technicians at Alstom Transport in Älvsjö depot have different 

working methods during the performance of the A6 maintenance routine. As discussed earlier it 

is essential that all the technicians work in the same way. This will facilitate for engineers to 

measure the difference in quality and eliminate waste. Thereafter it is easier to discuss the 

different ways of performing A6 maintenance and can easier be presented to the management 

teams. This will also create a more active and faster development of how the operations are 

described in the system Traindoc. In order to create common work methods on the A6 

maintenance routine, Alstom should implement a common work standard for the technicians. 

Sequences of operations have therefore been developed during the project and will be presented 

in Chapter 7. 

6.1.3 Planning 

As mentioned earlier, it is common with sudden last minutes changes in the planning of what 

train that will be delivered for maintenance. One reason is that the customer Stockholmståg 

sometimes asks for an early delivery of the train to the traffic. It is important that Alstom clearly 

communicate the impact on the maintenance work from the last-minute changes to 
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Stockholmståg. The two firms should have a collaborating system where they can present their 

priorities and internal schedules. The system would express these last-minute changes and 

hopefully improve the planning of trains between these firms. 

6.1.4 Working Conditions 

The issue with the batteries is that the technicians lift the ungainly hatches and place them where 

they obstruct other technicians. The hatches should be able to stand open when performing an 

operation. This would beside from saving time for the technicians, be ergonomically profitable 

and make the workplace more organized and structured. It would also enable the technicians to 

have better access to the equipment inside the batteries and not force them to stand on 

unauthorized area that might damage equipment. The batteries could for example be equipped 

with hinges with a locking bar or a small damper connected to air pressure towards the hatches 

so that the hatch would stay open. Figure 6-1 illustrates a hatch with hinges and small dampers 

on one of the batteries. The HVAC of the X60 train is equipped with such hinges and dampers 

today (Traindoc, HVAC drawing, 2013). However it could be preferable to not add any extra 

weight to the train. In that case it would be profitable to have a portable supporting device that 

could be placed there momentarily during the operation to hold the hatch opened. The project 

group does not think this extra weight affect the centre of gravity markedly on a train that weight 

205 tonnes and therefore believe that the advantages with the possibility of improving the 

workplace and maintenance routine outweigh the drawbacks.  

 

Figure 6-1. Example of hatch on a battery that is equipped with hinges and dampers that enable the hatch to stay 

opened. This facilitates for the technicians to perform maintenance in a simpler way while standing beside the 

battery instead of having to stand on unauthorized area (CAD model, project group). 
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The safety fence complicates the performance of operations and there have been several 

incidents where a technician has gotten pinched in the fence. Instead of a fixed fence where the 

technicians open the gates that stay open if the magnets are functional, Alstom should implement 

a fence that have removable or sliding doors. This would enable the technicians to move the 

doors to an appropriate position and access the desirable equipment from the platform. This 

would remove the risk of getting clamped in the gates of the fence and making it easier to bring 

the nozzle of the vacuum cleaner out on the train. This design of fences already exist on track 

eight and nine at Älvsjö depot. A risk analysis has been performed on this reconstruction of the 

safety fence and the result can be found in Appendix 2.  
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6.2 Time-saving Operational Improvements  

This section will present improvements for the time-consuming operations mentioned earlier in 

the report. The spared time that will be presented during this section has been generated by 

measuring the wasting time on the different operations. This waste will be eliminated by the 

operational improvement.   

6.2.1 EPAC Brake Control System 

One issue with maintenance on the X60 train is that the equipment to be inspected is often 

covered by other components that are heavily mounted. The technicians have to remove seating 

pads, screws, seats, back plate and a hatch to access the valves in the EPAC brake control 

system. This is ergonomically stressful and highly time-consuming. In fact, today, the operation 

on the EPAC brake control system takes 380 man minutes.  

A suggestion is to extend the valves with hoses to the opening of the compartment boxes so that 

the technicians can connect the pressure gauge directly to the valves without removing the 

components on top of the compartment boxes. This suggestion has been approved by SL and is 

in the process of being implemented (O. Jonsson, 2013). It will reduce the operation time to 275 

man minutes which will lead to a spared time of 105 minutes as shown in Figure 6-2. This time 

saved for the technicians can be used for corrective maintenance. The set-up will also be gentler 

on their health and keep the work environment more structured because the technicians do not 

have to bring screw drivers or place the covering objects on the train while performing the 

operation.  

 

Figure 6-2. Result of the improvement work on the EPAC brake control system. It shows that the improvement 

result in 28% spared time. 
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6.2.2 Fire Alarm System 

Performing a test of the fire alarm system is highly ergonomically stressful because almost all 

the work is performed above the shoulders. Today this operation takes 396 man minutes to 

perform. Engineers have concluded that the technician teams are allowed to only dismount every 

second ceiling, where the control unit 110/2 is mounted. The temperature detectors can be 

checked through an air conditioning grid with a heat gun without removing the ceiling (O. 

Jonsson, 2013). 

A development of this solution would be to include two small hatches, one for each temperature 

detector, in the ceiling so that the technicians can disconnect the detectors without removing the 

ceiling. By installing hatches in all the ceilings, the technicians do not have to dismount the 

poles, lighting or ceiling which is highly time-consuming and ergonomically stressful. In fact 

with these reconstructions the maintenance can be reduced with 240 man minutes which is 61% 

of the total operation time as we can see in Figure 6-3. Alstom Transport has sent these ideas to 

be evaluated and implemented by Rolling Stock, the manufacturer of the trains, so it can become 

a standard on the X60 trains. However the existing trains are not yet modified with this design 

(A. Diago, 2013). 

 

Figure 6-3. Result of the improvement work on the fire alarm system. It shows that the improvement result in 

61% spared time. 

6.2.3 Lubrication of Doors 

The lubrication of doors is a highly time-consuming operation and takes 336 man minutes. This 

is because of the high number of doors and the standard way to lubricate the sealing rubber 

around the doors. Alstom Transport does not use this kind of thick, expensive fat on the older 

train model X10. An option could be to use a spray that would not leave extra lubricant and 
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passengers would not as easy get it on their cloths. Changing type of lubricant from a thick, 

expensive fat to a spray would be both cost saving for Alstom Transport and will enable the 

performance of the lubrication to be reduced from 336 to 56 man minutes. This result is shown in 

Figure 6-4. The production management at Alstom Transport are working on finding an 

appropriate lubricant (A. Diago, 2013). 

 

Figure 6-4. Result of the improvement work on the lubrication of doors. It shows that the improvement result in 

83% spared time. 

6.2.4 Cleaning and Function Test of Brake Indicators 

The operation of cleaning and performing a function test on the brake indicators is an operation 

with high time variance and has therefore been a common reason for late deliveries to SL for 

Alstom Transport. When graffiti is found on a train, it is taken out of traffic for cleaning from an 

external firm that sprays the train with a detergent that corrodes into the brake indicators glass 

hence destroying them. This detergent is too strong for the perspex to withstand it; however it is 

necessary to remove the graffiti. 

Alstom Transport has already invested in a set of 51 new brake indicators that is a second set-up 

of the brake indicators necessary on the train, plus a few extra. The idea is that these 51 brake 

indicators would stand ready when a train arrives and can be used to exchange the entire set-up 

on the train. The dirty or broken brake indicators from the train could then be repaired off track 

at a fixed work station when there is time over from the regular maintenance. It will be easier to 

repair the brake indicators at a fixed work station designed for this matter, instead of at the train 

(C. Lyderstedt, 2013).  

The set of 51 extra brake indicators is however a short-term solution and does not solve the 

source of the problem. A suggestion is to create a covering bag out of rubber or another material 
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that can withstand the highly corrosive detergent and still completely cover the brake indicators 

so that no detergent comes in contact with the perspex during sanitation. The covering bag 

should be used by the external firm when performing sanitation of the trains. This would 

probably remove all the problems concerning the glass of the brake indicators and the 

maintenance would only be to clean dirty brake indicators from time to time. If the external 

cleaning firm uses these covering bags, Alstom would save 270 minutes which will reduce the 

operation time from 480 minutes to 210 minutes as Figure 6-5 illustrates. This solution will 

hopefully also decrease the risk of late deliveries. The engineering team is in the process of 

developing this covering bag. (O. Jonsson, 2013).  

 

Figure 6-5. Result of the improvement work on the brake indicators. It shows that the improvement result in 56% 

spared time. 

6.2.5 Gangways 

There is equipment inside the gangways that need to be visually inspected for the X60 train to be 

secure out in traffic. According to observations and technicians opinion in the survey, removing 

the gangway is among the most complicated, time-consuming and ergonomically stressful 

operations performed on the A6 maintenance routine. Therefore it is preferable to use an 

endoscope and access the equipment through different holes in the gangways. This method is 

already being used on the A11 maintenance routine at Alstom Transport (Traindoc, Internal 

source, 2013). There are several holes on the bottom side of the outer gangway that are used to 

drain away water from the train. This is where the endoscope can enter to inspect the bushing of 

the short coupler link and air-hoses inside the gangway. Figure 6-6 illustrates the holes in the 

outer gangway.  
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Figure 6-6. Several holes on the bottom side of the outer gangway are used to drain away water from the train. 

These can be used when inspecting the bush of the short coupler link and hoses inside the gangway with an 

endoscope. 

There is also a hole inside the train in the upper side of the inner gangway which makes it 

possible to perform a visual inspection of the roll damper. Performing these operations by using 

an endoscope has been successfully tested by engineers and technicians at Alstom Transport. 

However it is not a standard procedure yet, it has to be approved by SL and as discussed earlier 

the chain of decisions can be extensive (O. Jonsson, 2013).  

As shown in Figure 6-7, using an endoscope instead of dismounting the entire gangways is an 

important time saver for the technicians since it will permit to reduce the operation time from 

790 to 440 minutes, which is a reduction of 44%. It will also lead to a better ergonomic situation 

than earlier since it will allow the technicians to perform the operation standing up straight and 

with no heavy operations above the shoulders. 

 

Figure 6-7. Result of the improvement work on the gangways. It shows that the improvement result in 44% 

spared time. 
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6.3  Total Result from Operational Improvements 

By the implementation of the ideas for improvement on the mentioned operations, the 

maintenance work has been improved ergonomically, the working environment has become 

more structured and the man hours spent on A6 maintenance has been decreased. The 

improvements will also decrease the time variance of performing the operations, especially 

because these mentioned operations are the most time variant on the A6 maintenance routine. In 

fact these five operations have currently a total operation time of approximately 40 man hours. 

The operational improvements will decrease the total operation time by 20 hours and 45 minutes 

which is a total reduction of 52% on these five operations. The total time savings for the A6 

maintenance routine is illustrated in Figure 6-8. 

 

Figure 6-8. Graph showing the total time saved from operational improvements. The result shows that the man 

minutes spent on the A6 maintenance routine has decreased from 6291 to 5046 man minutes, which is a 

reduction of 20%. 

The graph shows the total saved time by implementing the ideas for improvement for the five 

operations; EPAC brake control system, Fire alarm system, Inspection of doors, Cleaning and 

function test of brake indicators and Gangways. The result shows that the current total operation 

time for the A6 maintenance routine before any improvement is 6291 man minutes. The 

operational improvements have decreased the total operation time with 20 hours and 45 minutes 

which is a reduction of 20%.    
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7 Proposed Sequence of Operations 
During the project two sequences of operations have been created. The first is a sequence that is 

based on how the operations are currently being performed and can be implemented 

immediately. This sequence of operations will later be referred to as the Current Sequence of 

Operations. The second sequence includes the ideas for improvement on operations developed in 

the project. This sequence will be referred to as the Future Sequence of Operations and cannot be 

fully implemented until the ideas for improvement are completely realized. This chapter will 

present the benefits with a sequence of operations and explain how the sequences were created at 

Alstom Transport. The chapter will conclude with the results from the two sequences of 

operations. 

7.1 Sequence of Operations, a Road to Standardized Work 

An issue at Alstom Transport is that the maintenance work is not performed according to a 

common standard; every technician has developed his own way of performing the operations. 

This creates issues in many parts of the organization. In fact, different work methods might lead 

to uneven quality which complicates for engineers to measure and understand any variance in 

quality or understanding the progress of work. The lack of a standard can also cause variance in 

the lead time which creates a lot of unnecessary last-minute planning for both the technicians and 

supporting teams. It can also be problematic for newly recruited technicians to understand the 

way of working or cause problems when a technician switch shift and has to change his or her 

way of working. 

It is therefore essential that Alstom Transport start to work with a standard sequence of 

operations where all the operations are performed in the same way. It is important that the 

leadership from the production managers and engineers is clear and united so there is no 

dissimilarity between the technician teams on how Alstom Transport should perform 

maintenance work.The sequence of operations will illustrate in what order and time duration the 

technicians should perform the tasks on an A6 maintenance routine. The sequence will be a 

support for the technicians by enabling them to know if they are within the time frame of the 

operation or if Alstom should complement with another technician for the maintenance routine to 

be on schedule.  

7.2  The Process of Developing a Sequence of Operations 

The sequence of operations is created with several rules for prioritizing the operations. Some of 

the operations are pressure and voltage dependent which makes the sequence of operations more 

complex. Some of the rules are connected to safety procedures because of the high voltage in the 

wires; others are connected to simplifying the work or eliminating waste. Table 7-1 summarizes 

the different rules applied when creating the sequence of operations. 
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Table 7-1. Summary of the rules applied when creating the sequence of operations. The rules are divided into 

five categories; Voltage, Location on the train, Time of operation, Number of needed technicians and 

Performance of the operation.  

Rules applied when creating the sequence of operations 

Voltage 

Operations that are voltage dependent should be performed in 

one sequence. 

Operations that need the train to be voltage free should be 

performed in one sequence. 

 

 

Location on the train 

Operations on one part of the train (for example the roof) 

should be performed in sequence to eliminate unnecessary 

moving, increase the safety and making the work place more 

enjoying for the technicians. 

 
 

Duration 

Operations with high time variance should be performed as 

early as possible to ensure that Alstom respond to the problems 

arising in the production. 

 

Number of technicians 
Operations should if possible be performed by only one 

technician if there is no obvious disadvantage to it. 

Performance of operation 

Operations need to be sequenced so necessary tools are 

available for the technicians. 

Operations involving cleaning with water should be performed 

at one time so that equipment not will be damaged. 

Operations should not be performed so that the technicians do 

not interfere with each other’s work. 

The sequences are built on the assumption that every shift is nine hours long including breaks of 

totally one hour. The shifts will end with a 15 minutes shift handover to communicate important 

information between the shifts. 5S-activities have been included at the end of every shift if 

possible. Moreover if the technicians finish a task in advance they are supposed to dedicate their 

time left to 5S-activities. 

The lead time varies depending on the number of technicians; therefore calculations have been 

made to determine an appropriate number of technicians in relation to the lead time. These 

calculations were performed on the Current Sequence of Operations since it is the most time-

consuming hence more critical. However the result from these calculations will be implemented 

for the Future Sequence of Operations as well. Two is the minimum amount of technicians 

necessary because some of the operations require at least two technicians. Alstom Transport 

currently uses five technicians for the A6 maintenance routine and the calculations were 

therefore performed with a range from two to five technicians. Table 7-2 shows the result from 

these calculations.  
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Table 7-2. Calculations concerning the lead time on the Current Sequence of Operations with different number 

of technicians. The table shows the amount of calendar hours with and without night shifts for respective number 

of technicians. 

Number of technicians Calendar hours Calendar hours excluding 

night shifts 

2 60 80 

3 40 53 

4 30 40 

5 24 32 

One of the initial goals of the project was to reduce the lead time to at least 56 hours. The 

decision on the number of necessary technicians is based on calendar hours excluding night 

shifts since Alstom Transport currently perform the A6 maintenance routine during day time. 

According to the table two technicians will finish an A6 maintenance routine in 80 calendar 

hours excluding night shifts, hence two technicians is an unfeasible option. Three technicians are 

within the limits of 56 calendar hours; however has a high probability to exceed the limit if 

Alstom encounter problems or delays. The option of five technicians has been excluded because 

one technician in the shift team should be dedicated for corrective maintenance work. Alstom 

Transport aim for making the preventive maintenance work more effective so that more time can 

be devoted to corrective maintenance work. The conclusion is that the option of four technicians 

is the most profitable. 

To illustrate the sequences, every operation is symbolized with post-its on self-adhesive 

whiteboard papers. Figure 7-1 shows an example of one of these papers. It is divided into four 

columns, one for each technician, and seven rows which stand for seven calendar hours. The 

different colours of the post-its represent different operations, i.e. when the post-its change 

colour for a technician it means that a new operation starts. The colour system also displays if 

technicians are performing an operation together, for example if two post-its with the same 

colour are next to each other but related to different technicians, they are the same operation. 

The benefit of using post-its is that they are easily rearranged and highly illustrative in 

presentations. The length of every post-it symbolizes a certain amount of time on the whiteboard 

paper; 15, 30 or 45 minutes. Every post-it contains information concerning one specific 

operation, for example a title that is a brief explanation of the operation. The post-its also contain 

the related Traindoc references so that the technicians can access the work instructions easily.  

They are labeled with the corresponding total execution time in man minutes so that the 

technicians know the duration of the operation. Information regarding where the operations are 

executed is also included in the post-its which will help newly recruited technicians in the 

beginning of their employment. Figure 7-2 is an illustration of the information on a post-it 

related to the operation Cleaning and function test of brake indicators. 
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Figure 7-1. One part of the sequence of operations on a self-adhesive whiteboard paper. The paper is divided into 

four columns, one for each technician, and seven rows which stands for seven calendar hours. The operations 

are symbolized with post-its of different colours. 

 

Figure 7-2. Post-it displaying the operation Cleaning and function test of break indicators with corresponding 

Traindoc reference 5.2.2-01-T01. The post-it also shows that it takes 480 man minutes to perform the operation 

and that it is executed under the train. 
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The duration of some operations has been measured during the project, while other has been 

estimated by engineers and technicians at Alstom Transport. The operations have been grouped 

according to the position of the equipment in question. For example all the operations concerning 

the HVAC are performed in sequence to avoid unnecessary movement and dismounting. All the 

operations that are performed during an A6 maintenance routine have also been divided into 

three categories: roof, platform and inside the train and thirdly under the train. 

The sequences begin with the operations concerning the roof. However it is important that the 

technician teams start with security activities that include disconnecting the train from the 

voltage wires. The operations on the roof cover about one whole shift for four technicians. The 

sequences continue with the operations under the train which is a natural transition from the roof 

since these operations are performed without voltage as well. The sequences end with the 

operations performed inside the train and from the platform. These operations are a mix of both 

voltage dependent operations and voltage independent operations. It is beneficial for a newly 

recruited technician to work together with an experienced colleague on the same operation. The 

sequence is therefore built so that Technician 1 and 2 always work together.  

The Current Sequence of Operations is based on how the operations are currently being 

performed and can be implemented immediately. However some of the operational 

improvements discussed earlier have been implemented during the project and are therefore 

included in this sequence of operations. The operational improvement to use an endoscope for 

inspection of the gangway has been implemented and is included in this sequence of operations. 

The procedure of only dismounting every second ceiling in the testing of the fire alarm has also 

been realized, however, the hatch in the ceiling connected to the fire alarm system is not yet 

implemented. The additional operational improvements that are excluded from the Current 

Sequence of Operations are the changes made in the Inspection of doors, EPAC brake control 

system and Cleaning and function test of brake indicators. 

The result of the Current Sequence of Operations shows that it extends over 29 calendar hours 

and 104 man hours of work on the A6 maintenance routine excluding breaks. Figure 7-3 is an 

illustration of the Current Sequence of Operations. 

The Future Sequence of Operations includes all the operational improvements discussed earlier 

and is displayed in Figure 7-4. The result of the Future Sequence of Operations shows that it 

extends over 25 calendar hours and 89 man hours of work on the A6 maintenance routine 

excluding breaks.  

Alstom will in a close future implement the sequence of operations by using and visualize it 

through a magnetic white board. Magnets will be used to visualize the technicians’ positions in 

the maintenance schedule. The technicians will continuously, as they complete operations, move 

the magnets according to where they are in the process. The magnets will be colored with 

different color depending on the type of the operation.  However the self-adhesive whiteboard 

papers that illustrate the sequence of operations will be used in the meantime until the magnetic 

whiteboard is installed. 
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Figure 7-3. Current Sequence of Operations extending over 29 calendar hours including the operations from the 

A6 maintenance routine, safety activities, breaks and 5S-activities.  

 

Figure 7-4. Future Sequence of Operations extending over 25 calendar hours including the operations from the 

A6 maintenance routine, safety activities, breaks and 5S-activities. 
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8 Discussion 
The A6 maintenance routine mainly includes inspection, servicing and testing out of the seven 

parts from the preventive maintenance program defined by Dr. Dhillon. The operations related to 

inspection of equipment are often highly time-consuming since the equipment usually is difficult 

to access. At several occasions the technicians have to remove components such as shell, chairs 

and ceiling which take several hours but performing the actual inspection only take seconds. 

Servicing the train with cleaning and lubrication is something that is highly time-consuming 

mainly because of the size of the train. The tests performed on the A6 maintenance routine are 

critical safety activities such as controlling mechanical and electrical functions of the train. These 

three parts contribute to the customers’ demands on safety, comfort and punctuality. 

Alstom Transport aims at improving the preventive maintenance to enable more time for 

corrective maintenance. It is important to find a balance between the amount of preventive and 

corrective maintenance performed on the trains. Preventive maintenance will prolong the useful-

life period, increase the reliability and delay the equipment failure. However preventive 

maintenance performed in an unnecessary high amount become cost inefficient. The aim is to 

strive for a sustainable product where corrective maintenance is performed exactly before the 

equipment failure. This is both cost-efficient and sustainable from a social, environmental and 

economical point of view since the product will be available during the entire life-cycle and 

provide value to the society for a long time. 

The total operation time before any improvements were implemented was mostly based on 

estimates of the technicians and engineering team and has a duration of 112 man hours including 

tasks concerning for example cleaning of work station. However numbers collected from 

Alstom’s personnel system, where technicians report the amount of time spent on the A6 

maintenance routine, shows an average total operation time of 133 man hours. These numbers 

can be found in Figure 5-2. There can be many reasons to the difference in the amount of man 

hours. There is always a risk that the estimates are false and do not represent the actual duration 

in a correct way. However this risk should be low because of the high level of experience of the 

technicians and engineering team. The difference can probably be explained by waste, for 

example waiting, both in and between the operations. Alstom would therefore be more effective 

if they developed the working situation for the personnel so that they could focus more on their 

actual work and decrease the non-value adding activities.  

Figure 5-2 also shows that there is a high variance in the amount of man hours spent on the A6 

maintenance routine. A reason is probably that the quality of the trains varies depending on when 

the train was delivered, earlier maintenance and weather conditions. Another reason could be 

that the technicians work in different ways which has a direct relation to the amount of time 

spent on the operations. It has been observed that the technicians perform operations in different 

ways; some supplement with extra tasks because of common sense or experience when others 

follow the work description strictly.  
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Lastly an up-going trend in the amount of man hours spent on the A6 maintenance routine in 

2012 is displayed in Figure 5-2. The reason of this trend has not been deeply analysed in this 

project. However, if this trend continues during 2013, problems will occur in the sequence of 

operations developed in this project. The project group therefore advices Alstom Transport, in 

Älvsjö depot, to analyse the source of the problem in order to avoid a continuous up-going trend.   

The Rapid Plant Assessment, developed by R. Eugene Goodson, was performed at Alstom 

Transport’s depot in Älvsjö. The aim with this tool is to inspect the leanness and structure of the 

depot by evaluating eleven different categories. The test is conducted with a maximum score of 

121 and an average score of 55. The Älvsjö depot got a total score of 64.3 for the eleven 

categories which is above average. The result in Table 5-1 shows that 91% of the categories have 

a distribution of the questions ratings extending over at least four evaluation ratings. Five out of 

the 20 questions have the lowest score possible in the test while only one question has the 

highest score possible. Question 20, “Would you buy the products this operation produces?”, has 

a score of nine out of eleven and is represented in every question. This is a major factor to why 

the total score is above average. The two categories with the highest scores are “Safety, 

environment, cleanliness, and order” with an average score of 8.0 and “Commitment to quality” 

with an average score of 7.5. Both Question 20 and the two mentioned categories are mostly 

related to the functionality of the product and the safety of the workshop, however they do not 

relate strongly to lean thinking. Many of the questions directly related to lean thinking, such as 

question 9, 10 and 11, are evaluated with a low score. This shows that Alstom Transport needs to 

work on continuous improvement, 5S-activtities and standardized work methods to become a 

more lean organization. 

However, Alstom Transport has started a journey towards a more lean organization with 

continuous improvement. They are currently implementing standardized 5S applications to the 

workshops and performing Single Week Improvement Programs (SWIP) for the most crucial 

operational issues. SWIP has been very appreciated by both the technicians and the management 

team and has resulted in ergonomic, financial and time saving benefits. However the focus at 

Alstom Transport has earlier mainly been towards reducing the time spent on the different 

operations to reduce the lead time of the maintenance work. This is a good way of improving the 

performance of operations; however it is not a sustainable way for bringing the concept of 

continuous improvement into the organization.  

An issue at Alstom Transport is that there is no common standard for how the technicians are 

performing the operations. This is not sustainable in a wider perspective. By implementing a 

standard sequence of operations Alstom Transport will have a normal state of how and in what 

amount of time the A6 maintenance should be performed. The benefits from implementing a 

standardized sequence of operations is connected to principle two, four, five and six in the 

Toyota 14 Principles for how to manage a production. A sequence will create a continuous 

common process flow to bring problems to the surface which is related to the second principle. 

This will generate a strong opportunity for continuous improvement where problems will be 
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more easily detected and measured by the engineers. The sequence is also supposed to level out 

the workload to assure that a technician will have varied tasks during a shift, instead of for 

example performing all work over the shoulders. This is a sustainable way for Alstom Transport 

to maintain the good health of the technicians in the future. To level out the workload is also 

connected to distribute the complicated operations over the routine so that less problems will 

arose at once. The concept of leveling out the workload is related to the fourth principle. Alstom 

should implement a culture of stopping to fix problems, so that the quality always will be right 

the first time. A sequence of operations will make this process much easier, especially when 

stopping and restarting the maintenance routine. Toyota’s fifth principle is related to this 

concept. The sixth principle aims for standardizing tasks and processes to create a foundation for 

continuous improvement and empowered employees. A standardized sequence of operations will 

therefore bring Alstom Transport towards becoming an organization with continuous 

improvement. 

A sequence of operations will enable the technicians to easier shift operations with another 

technician to both learn the entire maintenance routine but also to vary the workload. This will 

further give clear signals of what competences the technicians possess and hopefully make 

Alstom educate the personnel to desired competences. A competent work force guarantees that 

the maintenance work is performed correctly and facilitates for example the shift changes. A 

sequence of operations will reduce the variance in time spent on the A6 maintenance routine 

between the shifts. It will also facilitate for newly recruited personnel to acclimatize to the work 

at Alstom Transport. Over time the sequence will permit a more even quality in the performed 

maintenance work and facilitate for the production planning at Alstom Transport. 

The sequences of operations will lead to a decreased lead time; however it requires that the 

production management assure the presence of four technicians at all time. Moreover the 

cooperation with SL and Stockholmståg, regarding the planning of what trains that will be 

delivered, should be improved. In fact, today it is common with last-minute changes in the 

planning where the A6 maintenance routines are postponed due to priority of other maintenance 

routines. The optimal scenario would be to perform the A6 maintenance routine without any 

interruptions. This would allow Alstom Transport to deliver the trains earlier which would be 

beneficial for all involved participants.  

The idea of implementing a standard sequence of operations should be considered at all of 

Alstom’s maintenance depots. However the sequences of operations developed in the project are 

probably not directly suited to other depots of Alstom Transport. In fact the depot can have a 

different construction that effect the operation’s time and order. The depot can also have other 

shift schedules and different team structures. The concepts from the operational improvements 

should be adaptable on other trains around the world, for example the idea of using an endoscope 

is a well-developed technology in today’s maintenance industry. 
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Finally the operational improvements on the A6 maintenance routine have decreased the total 

operation time by 20%. This result derived from improvements on only five operations. 

Therefore there should be potential for further improvements on other operations. The long 

duration of the A6 is strongly related to the low level of maintainability. Alstom Transport in 

Sweden should improve the cooperation with Alstom Transport, Rolling stock, in Germany and 

develop the design for maintenance on the trains. 
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9 Conclusion 

Today at Alstom Transport, the A6 maintenance work on the X60 train is not performed 

according to a common standard; every technician has developed his own way of performing the 

operations. By implementing a standard sequence of operations the technicians will work in a 

united way which will reduce the variance of consumed time between different technician teams. 

A standard sequence of operations facilitates for the engineers to measure and detect defects and 

variance in the quality of the trains. Over time this will permit a more even quality in the 

performed maintenance work and facilitate the production planning for Alstom Transport.  

 The sequences of operations consist of four technicians, nine hour shifts including breaks 

of totally one hour, 5S-activities and 15 minutes handover. 

 The Current Sequence of Operations consists of 29 calendar hours and 104 man hours. 

 The Future Sequence of operations consists of 25 calendar hours and 89 man hours. 

During the project several operational improvements have been developed and are in the process 

of implementation. The ideas for improvement involve changing to more effective and 

ergonomically designed tools, using other consumable materials, construction modifications and 

change of working methods. The ideas for improvement result in: 

 Less work above shoulders. 

 Better ergonomically designed operations. 

 More structured work environment. 

 A reduction from approximately 105 to 84 man hours in active operation time. In this 

calculation all 5S activities, safety activities, shifts handover and breaks have been 

excluded. 

 A total spared time of 20 hours and 45 minutes from the five time-saving operational 

improvements which is a reduction of 20% of the total operation time on the A6 

maintenance routine. 

Alstom Transport in Stockholm currently spend 32% of their total production time on the A6 

maintenance routine which makes it a high priority for developing the operational performance 

and optimizing the lead time. By the 20% reduction of man hours spent on the A6 maintenance 

routine the total production time for Alstom Transport will therefore be reduced by 6.3%. 

In conclusion, the objective to reduce the lead time from 66 to at least 56 hours has been 

accomplished. In fact by implementing the operational improvements and Future Sequence of 

Operations, Alstom Transport will achieve a shorter lead time of 25 calendar hours. Furthermore 

the operational improvements have decreased the total man hours spent on the A6 maintenance 

routine to 89 hours which is less than the objective of 120 hours. The implementation of the 

sequence of operations enables the technicians to work according to a common standard and 

leads Alstom Transport towards becoming a more lean organization. 
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Appendix 1 – Rapid Plant Assessment Questionnaire 

 

1. Are visitors welcomed and given information about plant layout, workforce, customers, 

and products? 

2. Are ratings for customer satisfaction and product quality displayed? 

3. Is the facility safe, clean, orderly, and well lit? Is the air quality good, and are noise levels 

low? 

4. Does a visual labelling system identify and locate inventory, tools, processes, and flow? 

5. Does everything have its own place, and is everything stored in its place? 

6. Are up-to-date operational goals and performance measures for those goals prominently 

posted? 

7. Are production materials brought to and stored at line side rather than in separate 

inventory storage areas? 

8. Are work instructions and product quality specifications visible at all work areas? 

9. Are updated charts on productivity, quality, safety, and problem solving visible for all 

teams? 

10. Can the current state of the operation be viewed from a central control room, on a status 

board, or on a computer display? 

11. Are production lines scheduled off a single pacing process, with appropriate inventory 

levels at each stage? 

12. Is material moved only once and as short a distance as possible? Is material moved 

efficiently in appropriate containers? 

13. Is the plant laid out in continuous product line flows rather than in “shows”? 

14. Are work teams trained, empowered, and involved in problem solving and ongoing 

improvements? 

15. Do employees appear committed to continuous improvement? 

16. Is a timetable posted for equipment preventive maintenance and ongoing improvement of 

tools and processes? 

17. Is there an effective project-management process, with cost and timing goals, for new 

product start-ups? 

18. Is a supplier certification process – with measures for quality, delivery, and cost 

performance – displayed? 

19. Have key product characteristics been identified, and are fail-safe methods used to 

forestall propagation of defects? 

20. Would you buy the products this operation produces? 
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Appendix 2 – Risk Analysis of New Safety Fence 
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