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Abstract 
The report presents a master thesis project conducted at Haldex Brake in Landskrona, Sweden. 
Haldex wants to evaluate how disturbances in the production affects the output and how to 
improve it.  

In this report, the focus is one of the assembly lines in the Landskrona factory. There are three 
production lines in the factory, where the most productive line produces about 50% of all units. 
This line is suffering problems due to disturbances. The most frequent disturbances over a long-
term period, are identified and investigated. Suggested improvements and implementation of 
improvements are performed. A simulation model of the line will be presented. The simulation 
shows where the bottle necks are in the line, and where the improvement should take place. 

All sensitive data such as numbers of employees and cycle times are placed in a separate appendix, 
which is not available in the public version. 
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1 Introduction 
 
This report is the result of a student thesis performed at Haldex Brake AB in Landskrona in 2018. It 
is performed by one student from Luleå University of Technology and is the equivalent of 20 weeks 
fulltime work. 
 

1.1 The company 
Haldex develop and manufactures brake systems for heavy trucks, trailers and buses. The company 
has a large range of brake products. Haldex have production sites in Brazil, China, Germany, 
Hungary, Mexico, United States, India and Sweden. The key product produced in Landskrona, 
Sweden, is the Haldex air disc brake, ModulT, for heavy truck trailers. 
 

 
Figure 1. The ModulT brake [1] 
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1.2 Background 
Haldex has many competitors in the same market, all working hard to attract more clients, to own 
a greater market share and to increase sales. In this industry it is of utmost importance to work as 
efficiently as possible while making the best products at the lowest price. This requires companies 
to have complete control of costs and quality, not least in manufacturing. Each production line has 
its issues such as material rejection, assembly line issues and other aspects leading to downtime in 
production. Haldex currently has some issues with recurring disturbances on the assembly line. 
Not so great that it affects the quality or delivery performance, but still some errors which affects 
the production line. With this as a background, Haldex wants to focus on what types of errors 
affect the production line, and how to change the conditions to prevent these disruptions. With 
the result of the thesis, Haldex can achieve higher productivity with limited resources, less 
downtime and minimise scrapping. This will lead to less waste of resources and money, as well as 
added value to the customer. 
 

 
Figure 2. 

ModulT, [2] 
 
 
In Figure 2, a schematic view of a disc brake is shown. The disc brake system can be roughly divided 
in four parts. The blue arrow points at the brake mechanism. A truck uses air pressure as medium 
in the brake system. When a truck driver presses the brake pedal, compressed air pushes a 
moment arm in the mechanism, where a gear shifts the pressure up by 1:16 times. The pressure is 
applied to the brake pads, which the orange arrow points at. A vehicle with a disc brake system has 
a brake disc that rotates at the same speed as the wheel. When the pressure is applied to the 
brake pads and pressed against the brake disc, friction occurs between brake pads. The wheels 
reduce their rotational speed and the vehicle reduces its speed. The green arrow points at the 
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carrier. The carrier can differ between different customer requirements. In the carrier the brake 
shoes are mounted. The orange arrow points at the brake calliper, the other described 
components are mounted on the calliper. A more detailed exploded view of the ModulT brake is 
shown in figure 3 with spare parts for the brake. Only the mechanism is missing in this figure. 
 
 

 
 

 
Figure 3. ModulT, Exploded view [2] 

 
 
 
 
1.3 Objective 
The objective is to identify and, as far possible, find ways to eliminate the disturbances that occurs 
on the assembly line. The work includes mapping of the initial state of the production line. This will 
be complied in a simulation, which later will be compared to a new simulation with the possible 
improvements. The simulation can also be used to calculate several useful key ratios, that can be 
compared between the initial state and the improved state. 
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1.4 Scope 
 
The project needs to answer the following questions: 
 

• How does the assembly line work initially? 

• Where do disturbance occur? 

• What is the frequency of disturbance and how does it affect the production? 

• How can the disturbances be reduced? 
 

1.5 Limitations 
The master thesis is limited to 20 weeks of work, concentrated to the production site in 
Landskrona. Some simplifications and assumptions will be necessary. Haldex have three assembly 
lines in the Landskrona factory, only one will be examined. Focus is on the assembly line processes.   
The project will not investigate the flow of material to the assembly line, or the logistics when the 
assembled products leave the production line. 
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2 Theory  

In this chapter, the theories which are used for further work and analysis are presented. 
 
2.1 Lean Production 
 
Lean production is a philosophy, also known as the Toyota Production System (TPS). The purpose 
with Lean, is to eliminate all the factors in a production system which does not create value for the 
customer. There are 14 principles which states how the lean theory should be implemented in a 
production system [3]: 
 

• Long term goals – decisions should be taken in a long-term philosophy. Even at the expense 
of the short-term financial goals. Generate value for the customer and be responsible. 

• Continuous flow in the system – design high value-added flow in the processes. 

• Using a pulling system – to avoid overproduction. Do not force the process to produce a 
certain volume because the capacity is there. Produce the volume that the customer 
requests. Overproduction is the worse type of waste. 

• Level out the workload – Balance the processes in the system, so that the workload are 
distributed even on the machines and operators. 

• Fix problems when they occur – implement a culture of fixing problems when they occur. 
This is important to get the quality right the first time. 

• Standardised work and processes - Use stable methods and standardise them. This makes it 
easier for the operators to perform the same task with the same tools. When an operator 
leaves a work station, the next operator can proceed what the first operator started.  

• Visual control in the system – usage of simple visual indicators helps the operators 
determine if the work piece is in standard condition and to detect defects. Avoid computer 
screens if possible as they shift the operators focus away from the workpiece. 

• Use proven and quality-proof technology – reliable and tested technology. This leads to a 
reliable process. Use the technology to support people, not to replace them. A robot 
cannot perform with such precision as a human.  

• Make sure that leaders understand the work made by the operators – live the philosophy 
and teach it to others. The organisation should grow leaders that understand the company 
well, rather than recruit leaders from outside the company. Make sure that leaders 
understand the daily work.  

• Develop exceptional people who follow the company’s philosophy – create a strong culture 
and company values for the whole company. Use people from different levels when solving 
problems. 

• Respect the network with external partners, challenge them and help them – to grow and 
develop, challenge your outside business partners. It shows that you respect their work and 
value it. 

• See the problem with your own eyes and understand them – in problem solving, it is 
important to understand the problem in its full context. To see the problem, thinking and 
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speaking based on personally identified data is important, even for the high-level 
managers. 

• Make decisions slowly by consensus, when decisions made, implement rapidly – look at 
various alternatives in the valuating process and take time to consider them. Instead of 
quickly going in one direction which may seem like the best option at a first glance. 

• Become a learning organisation and constantly reflect and improve – when the process is 
stable, improve the processes continuously. Processes should be designed so almost no 
inventory is required. The organisational knowledge should be protected. 

 
These 14 principles can be used in different ways to different extent. While many companies work 
with the lean method, they don’t necessarily use all parts equally but use the parts of the Lean 
method that best suit their organisation.  
 
2.2 Total Productive Maintenance (TPM) 
TPM is a system of improving and maintaining the production quality systems and usage of the 
whole equipment capacity to develop the company’s productive processes. This philosophy has 
been developed in the early 1900s and are still under development. In this theory there are six big 
types of losses [4][5]: 
 

• Equipment failure and interruptions 

• Setup and adjustments 

• Idle production and minor stops 

• Reduced speed, extended cycle time 

• Defects in process 

• Reduced yield 

 

2.2.1 Operation monitoring 
An important term in TPM is operational monitoring. This concept is the basis of the analysis work 
that will be the basis for improvement activities. It is important to know how many disturbances a 
production line has and how they influence production to get the correct action in the right place. 
“If you can’t measure you can’t control, and the things you can’t control you can’t improve” [4]. 
 
2.2.2 Waste 
A key concept in the TPM is to identify the waste and eliminate it. Value is defined as what makes a 
product attractive for the costumer. In the lean theory all types of waste must be eliminated or 
minimised as far as possible [4]. 
 
Principles: 
 

• Overproduction – produce more or earlier than necessary is considered the worst kind of 
waste. Material and energy are put in products which not will be used. 

• Waiting – when operators are waiting for processes to be completed, or worse, operators 
waiting for things to do. It is not a value making activity. 
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• Unnecessary transport and displacement – material moved around is not a value making 
process and costs time and personnel. Have the right material in the right place. 

• Over processing – making more than the costumer requires, adding more value than the 
costumer is expecting or paying for. In some cases, over processing certain parts can put 
other important functions at a risk to stand back. 

• Excessive inventory – storing more material or products than necessary. Material in storage 
is a cost; keep low storage. 

• Defects, correction related to detecting and fixing defect products - cost in material, time 
and energy involved in repairing instead of producing a correct product. 

• Unutilised employee creativity – new ideas and improvements from personnel stand back, 
opportunity for personnel development fails. 

 

2.2.3 Root cause analysis 

Root cause analysis is a collection of methods which are used for analysing what causes a specific 
problem. For example, a lamp breaks and it is changed to a new lamp. The new lamp breaks after a 
short time. The lamp is changed again and breaks after a short time. If nothing was wrong with the 
new lamps, then it may be something else which affects this problem. In the root cause analysis, 
there are different methods to use when trying to find what causes the problem. Three of them 
are [6]: 
 

• Pareto chart 
To identify which problems are the most occurring, the pareto chart is a powerful method. 
Typically, the chart tells that a smaller number of causes, often about 20%, affects the 
problem with 80%. It is called “the vital few”. 

• 5W1H 
This tool asks six questions. Who?, What?, Where?, When?, Why?, and How? All these 
questions are used to find the problem and specify what the problem is concretely and 
which problem to solve. Also, where the problem is, how it was detected and where. 

• 5 Why 
In root cause analysis, the tool 5 Why are used to attack a certain problem by asking why 
five times. The first why is asked to the base problem, as for the lamp. Why is the lamp 
broken? Because the voltage of the lamp was wrong. Why was the type of lamp wrong? 
Because someone installed an inaccurate armature. Why? Because the supplier delivered 
the wrong type. Why? The supplier received the wrong information. Why? Because the 
communication with the supplier was not clear. This helps to understand why the cause 
occurred. 

 
2.3 Simulation 
Simulation is a powerful tool which can be used in production development. Simulation can be 
used for various tasks. One of the big benefits is that a conceptual model of a layout can be 
simulated instead of building a work line or modify it to see how it runs. The model can also be 
optimised to perform at an optimal level. If a change in a physical layout is desired, it is difficult to 
predict how the rest of the system will be affected. If several changes are desired, it is impossible 
to predict the effect. In this case, a simulation can be used to save money and time, even though it 
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can also be a time-consuming process to perform a simulation. Most important of all is that the 
simulation is no better than its input values! A simulation should be a describing model of a real 
case scenario [8]. 
 

2.3.1 Model complexity  

It is important not to build a more complex model then necessary. In figure 4, a model accuracy 
and scope and level of detail graph is shown. This graph illustrates the 80/20 rule, which states that 
80% of the accuracy in the model is gained from 20% of the complexity [8]. Therefore, there is no 
use to over work a simulation model. If the complexity of the scope and level of detail is at an 
accuracy level over 90%, the model starts to lose validity. 

 

Figure 4. Simulation model complexity and accuracy 

 

There are three main types of simulation; Discrete Event Simulation, System Dynamics and Agent 

Based Simulation [7]: 

• Discrete Event Simulation (DES) – Simulation type with defined events, in time and type, 

occurs in discrete sequences.  

• System Dynamics (SD) – Based on a series of operations and logical decision where a unit 

through one system of operations and queues according to a defined path. The events 

occur with different cycle times and changes over time. 

• Agent Based Simulation (ABS) – Uses a set of active devices which are controlled by rules, 

which is a relatively new method in simulation [5]. The “agent” can be a lot of things; fish 

swimming in the sea, birds flying in the sky or a crowd of people. This type of simulation is 

used to describe and model flocking behaviour, it doesn’t necessarily need to be people or 

animals.  
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2.3.2 Simul8 

Simul8 is a simulation program which can be used for various types of simulation [9]. The models 
in the program are represented by blocks of activities, queues, start points and end points. In 
figure 5, a simple layout of a simulation, contains all the building blocks, except a block which is 
separate, a resource block. The resource block is always separated from the line of which the other 
blocks are included in, as shown in the figure. All blocks can be assigned with different properties. 
This can typically be cycle time and time distributions, how often a work item enters at the start 
point, the number of work items allowed in station or queue, collect end divide rule which can 
assemble several work objects into one work object. 

 
Figure 5. Simple layout with building blocks 
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3 Method 
In this chapter the work methods and approaches are described. 
 
 
3.1 Process 
To start the project and have a basic problem definition to follow through the whole project, a 
project plan was set up. It was important to formulate purpose and objective early 
in the project to clarify to all parties what would be performed and when to perform it. 
 
In this case the project definition was discussed early in the autumn 2017 together with the 
company. A series of visits and discussions, where the problem definition was stated, and 
limitations were set, occurred before the start date of the project. This was to ensure that all the 
contributors were satisfied with the problem definition, aim and structural work process. 
 
3.2 Planning 
The definite project plan has contained important deadlines, milestones, proposed approach and 
time boundaries. See appendix 2 for more detail.  
 
The project planning started with a visit at the Haldex site in Landskrona. Together with the 
production manager and the plant manager, the aim for the project was widely discussed. After a 
brief introduction and a guided tour in the production, the work of putting together a project goal 
was conducted. Based on the information and correspondence over time after the visit, a second 
visit to the site became relevant. At the second visit the focus shifted to exploring the entire 
production line to better understand the problem. This was the basis for defining the definitive 
goal and the work process to get there. Discussion with supervisors at LTU and Haldex led to the 
final project plan, which contained project goals, work methods and a project schedule. 
 
Table 1. Key dates for the project 

First visit and project discussion with Haldex 26/10 -17 

Second visit at Haldex 5/12 -17 

Thesis start date  15/1 -18 

Project plan set 19/1 -18 

Current state analysis executed 1/3 -18 

Suggested and implemented changes performed 3/5 -18 

Presentation at Haldex 9/5 -18 

Presentation LTU 22/5 -18 
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3.3 Production Screening 
The assembly line was observed and documented to fully understand the production of disc brakes 
at Haldex. For the production line, Haldex have specified the work flow, accumulated work times 
and work order in a document called Standard Works. In Standard Works the layout of the 
production line, images and text describes the assembly line. Together with observations and 
testing some of the moments at the assembly line, the Standard Works document gave a great 
understanding of how the assembly line worked and performed. The assembly line is purchased in 
its entirety by an external company and is therefore well-specified. Tough a time study was 
conducted to verify that the information in Standard Works was correct.  The three production 
lines are Uranus, Neptune and Tellus, where Uranus is the most technologically advanced and will 
be the subject for this thesis.  

 
Figure 6. Layout of the Uranus production line [10] 
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3.4 Alarm code study 
The Uranus line has an alarm code system built in a programmable logic control, PLC. The PLC 
registers the alarms and stores information of the alarm code, which time the alarm occurs and for 
how long the alarm lasts. These alarms are often disturbances. The PLC system was helpful when 
verifying the disturbances on the Uranus assembly line. The most frequent alarm codes where 
analysed over different periods of time. Four different periods of time were taken in consideration: 

• The most frequent alarms in 2017.  

• Each month from January to December in 2017, where the alarm codes for each month 
where analysed and compared. To see which alarms occurred and changed over time, see 
appendix 1.  

• January 2018 to see how the long-term and short-term alarm code studies correlate.  

• 19-23 February 2018.  

This study collected the most frequent alarms over long- and short-term periods. This was 
important as Haldex always tries to fix recurring problems in the production. Some of the long-
term disturbances were already fixed, while other large disturbances were already fixed and 
greatly reduced.  
 

 
Figure 7. Typical alarm code fraction, the pie-chart represents all alarms in January 2018. The ten 
alarm codes with the largest fractions are represented in the smaller pies. The biggest part of the 

chart is the rest of the alarms. There are 320 different alarm types in January 2018. 
 
 
  

S341_100 S150_16 S232_04 S332_22 S341_20 S341_16

S232_17 S110_17 S242_04 S322_08 Övrigt
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3.5 Waste/Rejections 
Rejected work objects are taken off the assembly line occasionally. These items are further 
observed to see why the functional tests rejects them in a separate work station called “gula 
rutan”. One operator analyses and disassembles the work object before returning the parts which 
are classified as brand-new back to the assembly. No rework is done on a rejected object. All 
information from “gula rutan” is saved. This is valuable information for detecting errors and 
disturbances.  
 
3.6 Subjective view 
A poll was conducted to ask the workers on the assembly line what they thought the largest 
disturbances in the assembly were. Two straightforward questions were asked. 
 

• Which station/stations have the most disturbances in the production line? 

• Is there anything else which is not bound to a specific work station that causes 
disturbances? 

The answers from this poll must be consider as secondary data, as it cannot be quantified or 
compared with anything. It is also a risk that the personal experienced opinion could be the 
biggest issues from a short-term of period, which have bothered the personnel for the last week or 
two. This project need quantified data from a long-term perspective. However, it is interesting and 
valuable as a secondary direction pointer. Even if most disturbances are registered in the PLC, 
there could be some disturbances which are not collected and could fall under the radar. 
 
 
3.7 Time study 

The cycle times is defined in Standard Works. In the analysis of the work-flow, cycle times and 

travel times between work stations needed to be verified. This was measured with a stopwatch at 

every work station. Both manual and automised stations were measured to verify the times in 

Standard Works. After verifying that the measured cycle times were correct, it was decided that all 

cycle times could be used from Standard Works. 

The Standard Works times and processes are not included in the report, due to confidentiality. 

 
 
3.8 Simulation of production 
The simulation was performed in a “backwards” direction. First, the simulation was set up to 
perform after the cycle times in Standard Works and the time study. After the identifying process 
the disturbances, was implemented in the simulation. It was important to get the simulation 
started at a base level to make sure that it would work properly with the given cycle times without 
disturbances, before adding disturbances to it. 
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4 Analyse of current situation 
 
4.1 Evaluation 
In this project, not only suggestions for improvements in the production was in focus, but also 
implementations of them. Though, in the limited time for the project, if implementations of 
changes should be executed, it was necessary to reduce the number of alarm codes to have time 
to execute them. After the alarm code study, identification of waste and the subjective view, a 
group of people from different levels within the production was gathered to choose which 
disturbances to further analyse. Of the ten greatest alarm codes, six alarms were chosen for 
further investigation. These six alarms (big six) quantifies 23,6% of the total amount of alarm 
codes. Some of the alarm codes aren’t really disturbances. At some stations the alarm tells the PLC 
that the work piece entered a work station or that some task is executed. Therefore, the big six are 
probably larger in quantity, though the big six alarms are all disturbances. In January 2018 there 
were 18 598 alarms – to separate the alarms between disturbances and executed work would be 
very time consuming. See appendix 1 for more detailed numbers. 
 

 
Figure 8. Alarm code fraction, big six January 2018 

 
4.2 Analysis of the big six 
The big six disturbances are listed below. The evaluation group decided on a two graded priority 
scale, where number one (1) is the main focus and number two (2) is secondary focus.  
 

• S341_100 (2) 

• S332_22 (2) 

• S112_13 (1) 

• S110_17 (1) 

• S241_04 (1) 

• S232_04 (1) 

  

112_13 241_04 110_17 332_22 232_04 341_100 Övr
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4.2.1 S341_100 
In this station, a machine prints (punches) plates which is glued onto the disc brake. The plate sign 
differs depending on which customer the order goes to. There are different customers with 
different types of signs. It is important to print the right sign, so the customer don’t get brakes with 
a competitor’s sign on. Therefore, a vision system camera is installed. This is to photograph the 
sign, compare it to a sign which matches the order. When the camera fails to match the sign, alarm 
code S341_100 is triggered. 
 
4.2.1.1 Disturbances S341_100 
When analysing the approved and the rejected signs, the focus frame can move maximum 2mm in 
each direction from the default picture frame. The distance between the camera and the sign is 
perpendicular 200 mm, meaning that the angle difference cannot change more than 0.57°, see 
appendix 6. When inspecting the printing machine, it was measured that when the machine was 
printing the sign, it can move about 1.5 mm in the horizontal direction, see arrow in figure 10. It 
hits the camera fixture when printing. Also, the shorter aluminium bracket on the top was not 
tightened and was able to move about 5° in angle. 

  
Figure 9. To the left, a rejected sign. To the right, an approved sign. 

 
 

 
Figure 10. The printing machine and camera fixture, no space! The red arrow symbolises the 

machine moving direction. 
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4.2.2 S332_22 

In this station, a vision system, similar to S341_100, takes a picture on the carrier for the brake 

shoes and compare it with how it is supposed to look like according to the order. When the camera 

fails to match the carrier, code S332_22 is set. There are two vision systems in the production line, 

this and the one described in the previous paragraph, both are suffering the same type of problem.  

 

  
Figure 11. Station 332, with vision system. The blue arrow points at the vision camera. 
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4.2.2.1 Disturbances S332_22 

Since this work began, the disturbance S332_22 has decreased significantly. The disturbance rate 

was 4,2% at the beginning of 2018. In week 15, the rate was 1,5%. This was due to a change where 

the camera was stabilised earlier in 2018. When this project started working on improvements 

here, other improvements were already performed. Therefore, more effort was put into other 

disturbances and simulation. The disturbance occurs, as described, in figure 12. The image on the 

right-hand side shows a carrier which is rejected, and the left image shows an approved carrier. 

There is new lens for the vision camera which lead to less disturbances in this station. 

 

 

Figure 12. To the left, an approved carrier. To the right, a rejected sign.  
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4.2.3 S112_13 In this station, a spring assembly is tightened together. The sequence follows these 
steps: Spring assembly is moved from the palette to a fixture. A plate presses the spring down 
together with a washer and a nut. A torque screwdriver with high precision localises the nut with 
two steering rods, finds the threads and screws in the nut with a specified angle. When the angle is 
reached the torque screwdriver detects which torque is reached. If either the angle or torque is 
incorrect, the alarm code S112_13 is triggered  
 

 
Figure 13. Spring assembly pressed together, to the right the torque screwdriver is on its way down 

towards the nut. 
 

 
Figure. 14. Nut 
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4.2.3.1 Disturbances S112_13 

After various analysis with data from the admin program, see appendix 3, a video monitoring was 
conducted. This to see what happens when the alarm is triggered. In the video sequences, which 
was monitoring the station for almost two days, the types if disturbances are grouped into three 
different types. Described in the table 1 below with fractions. 
 
Type 1. Torque screwdriver enters the nut, screws down the nut, reaches wrong torque. 
Type 2. Torque screwdriver enters the nut, fails in threading sequence. 
Type 3. Torque screwdriver fails in entering the nut. 
Type 4. The nut is turned upside down, or missing guide holes.  
Type 5. Other, inconsistent. 
 

Table 1 
Disturbances Number of disturbances Fraction 

Type 1.1 11 46% 

Type 2.1 4 17% 

Type 3.1 2 8% 

Type 4.1 3 13% 

Type 5.1 4 16% 

 
 

 
Figure 15. Spring assembly. Tighten together 
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4.2.4 S110_17 
This error occurs in a work station where two collaborative robots work together. This is the first 
station in the assembly line. The robots collect ten parts onto a palette which later will be 
assembled and tightened. The alarm code is trigged when some of the robot’s sensors tells that 
one of the robots collide with something. 
 

 
Figure 16. Layout of station 110 
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4.2.4.1 Disturbances S110_17 
A video analysis as in the S112_13 case was performed. The result showed that three main types 
of disturbances occurred. 
Type 1. The large robot can’t put down the spring on the pallet. The bearing washer is oblique and 
the large robot “feels” that something is in its way. 
Type 2. Large robot is forcing bearing seat down to the pallet. 
Type 3. Other disturbances which could not be detected from the angle of video. 
 

Disturbance Number of disturbances Fraction 

Type 1.2 18 62% 

Type 2.2 1 3% 

Type 3.2 10 34% 

 

4.2.5 S241_04  
In this station the mechanism is pressed together with an adjustment cogwheel. The large metal 
cogwheel has small rivets which is pressed into the holes in an adjustment cylinder. In this station a 
pressing sequence on the brake with help from the momentum of the brake mechanism will rivet 
together the mechanism to the adjustment cogwheel. First the pressure plate is pressed down to 
an anvil, then a first riveting punch is executed, described in figure 20. The mechanism needs to be 
adjusted so a secondary punch fulfils the riveting and the adjustment cogwheel is pressed down in 
its end position. There is an automatic screwdriver which adjusts the mechanism in height 
between the punching cycles. The height is adjusted with the white screw which is shown in figure 
19. In figure 20, the yellow arrow points at the white screw which are mounted inside the calliper. 
If the screwdriver detects wrong momentum, the alarm S241_40 is set. 
  
 

 
Figure 17. Pressure plate and metal cogwheel 
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Figure 18. Pressure plate adjustment cylinder 

 

 
Figure 19. Metal cogwheel and adjustment cogwheel. The blue thin arrow points at the same 

cogwheel as the blue arrow points at in figure 20. 
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Figure 20. An education brake calliper with an inspection hole cut out. The blue thick arrow 

symbolises the direction in the punching sequence. The orange box represents the anvil. The yellow 
arrow points at the white screw, which are mounted inside the calliper. The thin blue arrow points 

at the same cogwheel as in figure 19. 
 
 

4.2.5.1 Disturbances S241_04 

In production, when S241_04 is triggered, often the rivets are not punched in the holes in the 

adjustment cylinders. If the rivets are wrongly punched, the whole brake is considered as scrap. 

The brake is here used for the first time, and no used parts is returned after disassembling. In this 

step, much value is added in the part when it has been worked through 70% of the production line 

steps. There is a pre-mounting of the mechanism together with the pressure plate cylinder in an 

earlier stage of the line. In that stage, the rivets are placed by the operator onto the holes to the 

cylinder, but the riveting punching steps takes place in station 241. When mounting the 

mechanism in place, the operator can’t see if the rivets are in place. The cylinder is rotated with a 

hand-held tool screwing on an adjustment screw, the white screw in figure 19. The operator 

applies a light pressure on the pressure plate, the rivets will fall in to the holes on the cylinder, and 

then the pressure plate is locked in place and then sent to the riveting operation. 
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4.2.6 S232_04  

In this station a bellow is pressed into place. The brake calliper and pressure plate with mechanism 

is mounted together. A bellow has earlier been pressed with the smaller “inner ring” onto the 

pressure plate and in this station the larger “outer ring” on the bellow is pressed onto the brake 

calliper. The alarm code is trigged when the bellow doesn’t reach its goal point in the pressing 

sequence. The pallet which the brake is mounted on goes in the work station, the pallet is lifted 

from the conveyor, locked in a fixture and then a pressing sequence is started. Then two gripping 

jaws encloses around the bellow and presses it onto the brake calliper. If the height sensor doesn’t 

reach its end position, the alarm S232_04 is triggered. 

 

 
Figure 21. Bellow pressing sequence. The yellow arrow points at the left pressing jaw. The blue 

arrow points in the clamping direction of the jaws. 
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4.2.6.1 Disturbances S232_04 
The pressing sequence of the bellow cannot be observed ocular when it takes place in a narrow 
space, therefore the only data on what can cause this disturbance is from the information from 
“gula rutan”. Information from “gula rutan” tells that the big majority, over 95%, of the bellows 
with alarm code S232_04 have been pressed obliquely. The following can probably affect this: 
 

• Position of pressing jaws 

• Position of the palette when locked in position 

• Moulding material defects on brake calliper 

• Differ in size of bellow or in properties of bellow  
 
It has been noticed that the bellow can have different shades in the colour and shine, which may 
affect the friction. It has never been tested if this affect the performance in the bellow pressing 
sequence 
 

.   
Figure 22. Two bellows with different shine. 
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4.2.7 2.3 Simulation 

A simulation was conducted with the purpose to quantify the performance of the production line. 

At first, an initial state simulation was conducted. This simulation should reflect the theoretical 

scenario, where the line works without disturbances. This simulation was first simulated after the 

cycle times in Standard Works to assure that the model was valid if no disturbances affect the line. 

After collecting data from the initial state simulation and validating results, adjustments and 

developments were made to the model. The then satisfiable model could be used as a base model 

for implementing disturbances. When introducing disturbances, the work is similar to the 

developing process. First, insert disturbances, then run the simulation to adjust and validate the 

results with the real scenario. The work-flow is described in figure 23. These two models are later 

compared to each other, and results are retrieved from these models. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 23.  

  

Collect data from initial state 

simulation. Validate results.  

Introduce disturbances in the 

model. 

Collect data from model with 

disturbances. 

Create initial state simulation 

Compare results from initial 

state and model with 

implemented disturbances 
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4.2.7.1 Initial state 
This section has been removed due to confidentiality 

 

 

Figure 24. Layout in Simul8 

 

 
4.2.7.2 Distributions 
The definitive simulation model, based with all disturbances over the period 20180101 to 
20180327, see appendix 8, is presented in the pareto diagram, figure 24. This diagram represents 
the number of alarm codes in the work stations. 
 

 
Figure 25. Pareto chart all stations 
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It was necessary to add the time to the disturbances. See time table, appendix 8 When adding the 
mean time to the number of disturbances, the accumulated downtime per station is shown, see 
figure 25 

 
Figure 26. Disturbance chart, with time added to disturbances. The stations are separated to parts. 

 

The accumulated time and the distributions were taken from the Admin program for the same 

period as the disturbances. All work stations with a disturbance rate with total time-based 

disturbance over 1% (accumulated disturbance/total productive time) was implemented in the 

simulation. The distribution was simplified into two cases. The first case with the normal cycle time 

for the station, and the other with the MTTR added to the cycle time. The event is set as discrete 

events.  
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Figure 27. Typical fraction in simulation with disturbances 

4.2.7.3 Simplifications and assumptions 

The system can be divided into three parts, as shown in figure 28 in the blue, red and green area. 
In the “Del 1” there are 30 palettes which circulate. In the simulation model, “Del 1” only fit 19 
palettes. “Del 2” fit 30 palettes, and the simulation is adapted to this. “Del 3” is a packing station, 
in the first part there are 6 palettes which circulate and are implemented in the same way as the 
others. This is a simplification which might affect the validity of the model. Though, in the theory 
section, the described 80/20-rule confirms the simulation’s validity. In the packing station pallet, 
pallet collars and pallet lids are assembled. The finished work items are packed in a quantity of 20 
work items per pallet. The fraction of the assembly is 20 work items, 5 collars, 1 lid and 1 pallet. All 
the collected items represent one unit of pallet which contains 20 work items. Therefore 1 finished 
work item from station 380 represents 20 disk brakes. There is incoming material in about 50% of 
all the stations in “Del 1” and “Del 2”, but there are two main entrances for the work items, station 
110 and station 150. They will be assembled in station 220 to one work item. The assembled work 
item passes through all the stations in “Del 2”. In “Del 3”, the work item passes through robot 
station Stn361. After the robot station, the work item is collected together with pallets, collars and 
lids. The focus is on pallet flow from “Del 3”, therefore when the line works a morning shift at 80% 
of maximum performance, the total amount of pallets out is 20 pieces. The simulation layout is 
presented in figure 24. The output will always be presented in batches of 20 items as 1 finished 
object, therefore if 19 items are finished in station 380 in the simulation, the result from the 
simulation will not take this specific batch of 19 items into consideration. The simulation layout 
could be changed, counting the products from station 380 as items rather than batches. 
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Figure 28. Layout of the Uranus production line [10] 
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5 Implementations and suggested 
improvements 
 
5.1 S341_100 
After observation of the camera setup in station 340, it became clear that the vision system 
camera could change its position more than acceptable. Therefore, a suggested improvement is to 
install a new fixture for the camera. The searching frame in the camera view can be moved to 
fixate the camera. 
 
5.2 S332_22  
This disturbance was already reduced. Since there are numerous of other disturbances which are 
larger in number then this, it is decided to focus more on the other disturbances. See appendix 5. 
 
5.3 S110_17 
After evaluating the video sequences of the disturbance in this station, an activity was conducted 
to minimise the disturbance. It was clear that the disturbance type 1.2 was the most frequent. The 
most proper way to work is to eliminate the disturbances step by step and evaluate after 
performed changes. If the change was successful, the next type could be improved. If all the 
disturbance types were tried and changed at the same time, it is hard to know which change made 
which affect. 
 
The disturbance type 1.2 could be linked to one of the robot’s path and placing. The smaller robot 
places a bearing incorrectly onto a drive socket described in the analysis section 4.2.3.1. It is 
supposed to place it horizontally onto the drive socket, instead it is placed obliquely. When the 
larger robot tries to place a spring onto the bearing, the bearing is in the way, therefore the robot’s 
safety system detects a collision. 
 
One action took place on a Sunday, when there is no production. The path for the smaller robot 
was adjusted, and the precision was improved. Before the action, the smaller robot dropped the 
bearing, which fell obliquely, about 5mm above the drive socket. One key improvement was that 
the smaller robot places the bearing with a twisting move about 5mm down on the drive socket. 
See figure 29. 
 
In this project, there was only time for improvement for disturbance type 1.2 and collection of data 
after the performed change. A suggested improvement is to work in the same way to eliminate the 
rest of the disturbance types, step by step. This to collect and evaluate the results. 
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Figure 29. After implementation. 

 

 
Figure 30. Correctly placed spring onto drive socket. 
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5.4 S112_13 
When looking at the video sequences of the disturbance, it became clear that the torque 
screwdriver was pressing the nut with force before it entered the nut. Some of the 
“other/inconsistent” disturbance types started to rotate the nut before the steering rods localised 
the holes in the nut. The type 1.1, where the screwdriver detects that wrong momentum is 
reached, could probably occur due to a great force pressing the nut down. This led to a simple 
action where the height of the torque screwdriver was adjusted leading to less pressure applied to 
the nut. 
 
This implementation was performed trying to eliminate type 1.1 together with some of the 
“other/inconsistent” disturbances. A suggested improvement when the nut is put upside down, 
and the screw driver fails to screw it, is to let an operator open the station door and turn it the 
right way. The station is currently programmed to reject all the S112_13 alarm codes. The palette 
goes to the next station, an operator empties the details and the work starts over on the palette. 
Another improvement is to install some type of vision system to identify if a nut is placed on the 
wrong side and the system could set an alarm where an operator could turn the side of the nut. In 
a test sequence where two pieces failed, both were tested again and approved. There is a spring 
inside the drive socket which is pre-assembled by an operator. The operator is supposed to push 
the socket spring together. This is sometimes missed, and there is a gap, which makes the spring 
assembly higher in total, see figure 31, and wrong torque is reached. One possible solution is that 
the screwdriver pushes down the drive socket in the first sequence, and in the second sequence 
succeeds. An implementation with a secondary sequence is about to be implemented. 
 

 
Figure 31, drive socket with gap to the left, drive socket without gap to the right. 

 
  



 

34 

 

5.5 S241_04 
It is very difficult to place the rivets into the holes in the pre-mounting of the mechanism; this is 
desirable to get rid of. One method of improvement is to let a cylinder apply a light pressure on the 
pressure plate and an automatic screwdriver rotate the adjustment screw until the rivets fall in 
place. This improvement could make this step more stable and ensure that all pressure plates are 
riveted at the same way. In the current situation, there is more than 30 different operators working 
on the assembly line, and it can’t be detected how they pre-mount the cylinder onto the rivets. 
 

 
Figure 32. Symbolic cylinder which is supposed to push the rivets together. 
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5.6 S232_04 

In this station, no implementation was carried out, although there are numerous tests which could 

be performed: 

 
5.6.1 Position of pressing jaws 
The precision when pressing are important. The pressing jaws can move about 3 mm in each 
direction then they are closed. The closed position should be locked, measured and adjusted to 
work optimally. 

.  
Figure 33. Clamping jaws and brake calliper 

 
5.6.2 Position of the palette when locked in position 
For the same reason as in the case with the position of the jaws, the palettes position is important. 
It is unknown if the different palettes are locked in the exact same position in the station. These 
two can effect together if the palette is locked slightly wrong. Also, if the position of the pressing 
jaws is uncertain the palettes position and jaws affect this disturbance together. 
 
5.6.3 Differ in size of bellow or in properties of bellow 

There is currently no arrival control of the material. One suggestion is to take out a minor number 

of bellows and measure them to control deviation in material. Also, the differences in shades and 

friction should be tested and evaluated. One which could be carried out is to only use the shiny 

bellows one week and the upcoming week only the matt ones, to see if it has effect on S232_04. 
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6 Results 

 
6.1 Results from simulation  

In figure 34, a diagram is shown with disturbances in all work stations with a disturbance rate over 

1%. These disturbances are implemented in the simulation model. In the column row to the left 

are the actual disturbances represented. The analysis of how many work objects the line could 

produce in one shift are presented below for each case, after simulation. The case without green 

marking is the real, initial case. The simulation shows that the line should work for the desired 

quantity in the current situation, the quantity is not shown in official report. Though, if there is a 

minor stop, the speed is at its fastest in this case. The line cannot speed up the production in the 

initial case, hence it can’t catch up lost production.  

 

Figure 34. Simulation results 

There have been numerous of simulation events performed, with different variations in 

disturbance rate implemented. The green marked cells in the diagram are improvements in the 

distributions for the disturbance rate. In the same way as in the initial case, the number of total 

manufactured items are presented below. One key disturbance area to focus on is disturbances in 

station 110. Further simulation results are not shown in the official report. 

 

  

Station Frequency 

110 12% 6% 3% 6% 3% 6% 3%

112 3% 3% 3% 3% 3% 3% 3%

150+221 12% 12% 12% 6% 6% 6% 3%

232 6% 6% 6% 6% 3% 3% 6%

233 3% 3% 3% 3% 3% 3% 3%

241 3% 3% 3% 3% 6% 3% 3%

242 5% 5% 5% 5% 6% 5% 5%

243 3% 3% 3% 3% 3% 3% 3%

322 3% 3% 3% 3% 3% 3% 3%

332 6% 6% 6% 6% 5% 6% 3%

341 12% 12% 12% 12% 3% 12% 6%
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6.2 S110_17 
This result is not shown in the official report, due to confidentiality. 
 
 
6.4 S232_04 
No quantifiable result is collected for this error code. Only suggested improvements which are 
presented in 5.6, the collected data for the analysis is presented in appendix 7. 
 
6.5 S241_04 
No quantifiable result is collected for this error code. Only suggested improvements which are 
presented in 5.5, the collected data for the analysis is presented in appendix 6. 
 
6.6 S341_100[4] 
No quantifiable result is collected for this error code. Only suggested improvements which are 
presented in 5.1, the collected data for the analysis is presented in appendix 4. 
 
6.7 S332_22 
No quantifiable result is collected for this error code. Only suggested improvements which are 
presented in 5.2, the collected data for the analysis is presented in appendix 5. 
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7 Discussion 
 
7.1 Screening of current situation 
In the current situation, the line will work fine if no larger disturbances affect the assembly line. 
But if there is any downtime, the line can’t catch up to produce the planned quantity. Both in the 
simulation model and own experience in this project, the first station in the assembly line is the 
biggest bottle neck. If the alarms in this station is decreased with 50%, the whole line would be 
able to run at a faster cycle time if necessary. There are many improvements that can be made in 
an extended work. 
 
In the screening of the current situation, the Standard Work documents were of great assistance, 
as well as the Admin-program where all disturbances, actual cycle times, downtimes, etc. was 
available. The biggest challenge was to use the most proper way to handle all this data. The Admin 
program is very powerful, with almost unlimited ways to collect data for different purposes. But 
the program only gives the data as specifically requested. Therefore, important data and 
perspectives can fall through the screening process. This happened partly in this thesis in the alarm 
code study. It is easy to follow what looks like an optimal track right now, which is why it’s of most 
importance to see the problem from a wider perspective. The main track of the thesis has been 
followed from the start to the end, but the content of the information has in some cases been 
expanded and in other cases limited.  
 
7.2 Evaluation of disturbances/Alarm code study/Improvements 
One difficulty with the disturbances is that they don’t occur regularly. One disturbance can one 
week occur at a high rate and have a low rate with no performed improvements the next week. 
There are many things that affect the disturbances, such as machines, personnel or material. When 
implementing an improvement, a question to ask is in which period to collect value of the 
improvement, and which period to compare it with. A proper way to do this is to use values two 
weeks before implementation and two weeks after. When looking at the results for each day, it 
became clear that the disturbance rate could differ several percentages from day to day. A period-
based result collection gives a better view of the results; however it is not proper to collect results 
too far from the implementation as other things could have effect on the error code in focus then. 
 
As mentioned in 7.1, the initial alarm code study should be carried out in a slightly different way. 
The focus was to identify the most frequent alarms which occurred, though, a more proper way to 
boost the productivity would have been to take the downtime into perspective. The speed loss due 
to downtime could be quantified in total time per station, giving a better picture of the 
disturbances than looking at the number of disturbances. When quantifying the downtime to the 
amount of disturbances, the analysis gives both the number of disturbances and the total 
downtime. This would have given a better view of the problem in the alarm code studying phase. 
Halfway into this work, the results so far were presented to the plant manager. The question of 
looking with a wider perspective on the whole assembly line became more relevant. This became 
the new baseline for the project. The screening phase was extended and run parallel with 
improvements. Results from these two studies show slightly the same result. Though, the alarm 
codes in focus had in some extent been the same.  
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7.3 Simulation 
In the first simulation phase, the model was created after Standard Works together with own 
observations and time studying. Standard Works was a fantastic tool to use in this step, although it 
was important to understand the whole line to fully understand the different problems, and how 
to represent them in the simulation model. The first simulation phase ran parallel with the 
screening phase and later parallel with the improvement proposals. A lot of effort and time was 
put on the base model. The order in the modelling was to first create a model which was valid to 
the theoretical Standard Works-cycle times, stations etc. In the second simulation step, the 
thought-out procedure was to put in the disturbances from the alarm code study and with the 
result, reduce the disturbances and evaluate which disturbances had the most impact on the 
performance. It became relevant to change the procedure slightly, as instead of just looking at the 
largest disturbances and the other stations without disturbances. It was a better option to look at 
the line with all real disturbances. Then it was possible to change the different disturbances 
gradually in the model to evaluate which disturbance affected the output most. This was a step 
where the work was widened, and a parallel work in the thesis took place. But, this gave a 
considerably better overview of the disturbances in total and where to put effort in the future. This 
conclusion was realised halfway through the second simulation phase and where work for 
improvements in two of six error codes had been executed. 
 
7.4 Suggested improvement/implementation and analysis 
Of all the different phases, these were the most varied. Improvement and implementation was 
performed from experience together with workers in different levels in the factory. All personal 
experience and the overall experience inhouse, gave the project different perspectives for 
evaluation. All improvement has been reviewed and the personnel and supervisor agree that 
further tests and improvements are implementable. 
 
To find improvements and to implement them, it was important to fully understand them 
technologically. The improvement/implementation and analysis phases were strongly connected to 
each other, these iterated together and almost became one phase. A typically approach in the 
thesis was to first screen the problem, see how often the problem occurred, if the problem tends 
to occur at different times during the day and how it differs over a year. In some stations, a camera 
was used to detect what happened. In Admin, the time when the error codes occur is saved which 
was a less time-consuming process. The programme can jump to the sequence of interest and see 
what really happened, instead of watching hours of captured film. In stations where a camera 
couldn’t be used, the procedure was to backtrack what could possible cause the problem. The 
disturbances had different character, therefore when starting to work with a new type of error 
code, the work method was new every time. 
 
7.5 Further work 
In section 5, Implementations and suggested improvements, a lot of improvements are suggested 
which should be worked with such as the problem with different properties with the bellows. Also, 
to increase capacity, station 110 needs further work as seen in the simulation results. Factories in 
general will most likely always have discrepancies and disturbances. Therefore, my 
recommendation would be to decrease the disturbance to a satisfactory level, after which they are 
continuously worked on to actively keep levels at a low.  
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8 Conclusions  
In the master thesis a series of analysis was performed to collect data to quantify which type of 
disturbances were the most substantial and affected the output on the assembly line. The analysis 
of disturbances was performed over different time periods, to get a wide perspective of the 
problem. The disturbances should have been quantified in lost time instead of the total number. 
Though, the result of them both gave similar results.  
 
The disturbance rate is high for a few work stations. The performance could be increased if the 
disturbance rate could be lowered. Currently, the line is working at its maximum output speed, but 
could be increased with improvements. Most waste of time is in the first robot cell where two 
collaborative robots pick and place parts which later will be tightened and assembled. There is 
potential for improvement in this station. 
 
The simulation model shows that no major changes are necessary. To assert that the line will work 
completely without disturbances could be a vision. With fully feasible improvements the line could 
increase capacity and reduce the disturbances. 
 
In this master thesis it is shown that a few stations in the assembly line are affecting the most 
disturbances in the production.  
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Appendix 
Only appendix [2] is presented in the official report, this due to confidentiality.  
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