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Abstract 

In an accident, some seatbelt is let out by the seatbelt retractor in the vehicle. This is done to 

minimize the chest pressure and for the occupant to correctly impact the air bag. In an 

adaptive load limiter (LLA) the force in the seatbelt could be changed between different 

levels. In this way the chest pressure and the speed in to the air bag can be optimized and to 

minimize injuries.  

The work has been aimed at develop new concept of switching between the high and low 

force. The goal is to reduce the number of parts, the complexity and the size of the 

components. The LLA device today is made out of nine components. 

This work has included brainstorming for ideas of new concepts. The concept have been 

sketched. The three best concepts have been valued in a concept evaluation matrix. CAD- 

models have been done. Calculations have been done by hand to see which forces the 

components will be subjected to. FEM-calculations have also been done to see that 

components can handle the amount of stress they which they will be subjected to during the 

switching. Tests of components have also been made to verify the concept on Autolivs test 

center. The results were then evaluated. The work is ended by recommendations of further 

development.  

This thesis has been done on Autoliv Sweden AB in Vårgårda. Autoliv was founded in 1953 

in Vårgårda of the two brothers Lennart and Stig Lindblad. Autoliv is world- leading in car 

safety. Autoliv is currently operating in 27 countries and has over 70 000 employees. They 

save over 30 000 lives and prevent over 300 000 injuries every year. Autoliv has made 

seatbelts since 1956.  

 

Key words: concept development, seatbelt, environmental impact. 

 

 

 

 

 

 

 

 

 

 

 



 

Sammanfattning  

Vid en krock släpper en bältesrulle i ett fordon ut lite bälte för att personen i sätet skall landa 

rätt i krockkudden och där med minska tryckskadorna på hen. I en bältesrulle med en adaptiv 

kraftbegränsare kan kraften i bältet varieras mellan två olika lägen av en växlingsmekanism. 

På det sättet minimeras trycket på bröstkorgen och hastigheten in i krockkudden kan 

optimeras. 

Arbetet har riktats mot att ta fram nya koncept för att växla mellan krafterna. Syftet med det 

har varit att försöka få ner antalet, minska storleken och komplexiteten på komponenterna i en 

adaptiv kraftbegränsare. Dagens konstruktion på kraftbegränsare innefattar nio komponenter.  

Arbetet har innefattat brainstorming för att ta fram nya koncept. Skisser av dessa koncept är 

gjorda. De tre bästa koncepten har sedan utvärderats i en konceptutvärderingsmatris. CAD- 

modeller är därefter framtaget. Handberäkningar för att se vilka krafter som komponenter 

utsätts har genomförts. FEM- beräkningar har gjorts för att se att delar inte går sönder. 

Provning av komponenter och funktioner är har gjorts på Autolivs test center i Vårgårda. 

Resultaten har även analyserats och arbetet avslutas med framtida rekommendationer för 

vidareutveckling.  

Detta examensarbete har gjorts på Autoliv Sverige AB i Vårgårda. Autoliv grundades 1953 i 

Vårgårda av de två bröderna Lennart och Stig Lindblad. Autoliv är världsledande inom 

säkerhet inom bilindustrin. Autoliv är verksamma i 27 olika länder med över 70 000 

medarbetare. De räddar årligen 30 000 liv och förebygger över 300 000 skador. De har 

tillverkat säkerhetsbälten sedan 1956.  

 

Nyckelord: concept development, seatbelt, environmental impact. 
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1. Introduction  

In this chapter the purpose and the limitations of the thesis are clarified. Also there is a brief 

presentation of Autoliv, which is the world leading company in their field. They develop, test 

and supply occupant safety systems to the automobile industry. One of these products is the 

adaptive load limiter (aberration LLA) which is the object of this thesis. A short background 

of the seatbelt and why the load limiter is an important part will be explained.   

1.1  Background 

It was in the USA in 1885 the first patent for an easy variant of a seatbelt was granted. A 

couple of year later a few variants showed up in France and England. But during this time, an 

accident was seen depending on the drivers driving skills. It was also thought that in an 

accident it was possible to resist the forces with only muscle power. This is why Nash, Ford 

and Chrysler got no response when they offered seatbelts in their cars around the 1950th. In 

the mid-50th the Swedish company Vattenfall developed a two point seatbelt. In 1956 Saab 

installed a three point seatbelt in hundreds of their cars. In 1958 Nils Bohlin was recruited to 

Volvo. A few month later he could present the three point seatbelt known today. Volvo then 

offered the new seatbelt as standard in their cars in 1959. In 1967 Sweden imposed a law 

which said that seatbelts shall exist in the front seats of a car from the model year 1969. In 

1971 Victoria in Australia imposed the world´s first global requirement about the use of 

seatbelts. (Lagerström 2009)  

The seatbelt protects the occupant from injuries during a crash by decelerating the body 

avoiding the occupant to hit the interior or even fly out of the car. Using a three point belt 

reduces the risk of fatal injuries by 45 % to 55 % and the risk for server injuries by 43 % to 50 

%.  (Affi., Al-Thani., El-Menyar & Peralta 2015) 

During a crash the belt causes high pressure at the chest and to minimize the risk of fractures 

and for the occupant to correctly hit the airbag, the retractor is equipped with a load limiter. 

Studies show that a three point seatbelt combined with an airbag reduce the risk of fatal 

injuries about 50 %, therefore it is important that the occupant hits the airbag correctly. (Affi 

et al. 2015) The load limiter will allow some webbing to be pulled out keeping the belt force 

at a controlled level. In the basic limiters the level is the same regardless of the situation and 

as a result the seatbelt is optimized for a human with a pre-defined weight and will not be 

optimized for lighter or heavier occupant due to the different kinetic energy required 

depending on the weight. The force needed to brake 50 kg is less than the force to brake 100 

kg due to their different kinetic energy (Autoliv n.d.d). 

Therefore Autoliv introduced the adaptive load limiter, LLA, in 1999. The LLA makes it 

possible to shift between high and low force limiting. It means a fifth percentile person (equal 

undersized female dummy) will trigger the system to shift to the low limiter immediately 

which will both reduce the load at the chest and ensure the person hits the airbag correctly. On 

the other hand, if a ninetieth percentile person (equal oversized male dummy) crashes the high 

limiter will be used. A person between the fifth and the ninetieth percentile will trigger the 

switching at different times, depending on the size (Autoliv n.d.d).  
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1.2 Purpose  

The question asked for this thesis is how can the switching between high and low level forces 

be done in a new, more cost efficient way?  

The purpose with this thesis is to develop new concepts of switching, to reduce the cost of the 

adaptive load limiter in the seatbelt retractor.  This is made in collaborate with Autoliv 

Sverige AB, on the seatbelt department in Vårgårda.   

The work has been aimed to develop a new concept of switching between the high and low 

force. The goal is to reduce the quantity, the complexity and the size of the components. 

Autoliv are selling large amounts of adaptive load limiter on an annual basis. This means that 

just a small cost improvement would generate a large outcome. 

1.3 Limitations 

 Only focusing on LLA, the rest of the seatbelt retractor design will be unchanged. 

 There is no requirement for a finished product, only a concept. 

 No material changes on any other components are to be included.   

 No change of the outer geometry measurements of the seatbelt retractor design will be 

made. 

1.4  Company presentation  

Autoliv develops, tests and supplies occupant safety systems to the automobile industry. Their 

vision is to save more lives and today they are the leading company in their field. The 

products can be divided into two main groups, passive safety and active safety. Passive safety 

includes products that protect the occupant when a crash occurs, for example seatbelts and 

airbags.  The active safety system’s function is to prevent a crash and includes radar, night 

vision and camera vision systems. (Autoliv n.d.a). 

The two brothers Lennart and Stig Lindblad started the company in 1953 in Vårgårda and in 

1956 the first seatbelt was manufactured. In 1980 the airbag production begun. The name was 

changed to Autoliv AB in 1994. (Autoliv n.d.b).  

Today the company operates in a total of 27 countries with over 70 000 associates. Autoliv 

claims they save about 30 000 lives and prevent over 300 000 severe injuries annually 

(Autoliv n.d.e).  
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2. Baseline position 

In the chapters below the parts of the LLA will be presented and a short walkthrough on how 

the switching between the high and low level works. The retractor can be divided into two 

main groups, the LLA and the switch housing. The LLA part is what limits the pressure on 

the occupant and the switch housing gives and transfers the energy to the LLA part which 

makes it possible to switch.  

2.1 Parts 

Today LLA is made from nine different parts to make the switching possible in case of a 

collision. Below is a short description of the function of the different parts which can be seen 

in figure 1. (Bud1) 

 

Figure 1 Spindle assembly of the LLA 

2.1.1 Torsion bar  

During a collision the torsion bar is twisted allowing a small amount of webbing out. This is 

done to reduce the amount of stress on the chest and consequently the risk of inner organ 

damage on the body. It also makes the person hit the airbag correctly. (Bud 1) 

There are two different torsion bars in the LLA to make the seatbelt behave as individualized 

as possible. The torsioning starts at the high bar and is then switched to the low. The two bars 

are connected by the low bar in the high bar (bar in bar). The side with the low torsion bar is 

                                                 
1 Adrian Bud Group Manager Engineering Autoliv, meeting 23 December 2016  
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connected to the spindle and the other side with the high bar is connected outside of the LLA 

to the thread head. (Bud1) 

The torsion bars are made from extruded steel. The ends are then cold-forged to get their 

shape. (Bud 1) 

2.1.2 Torque tube 

The torque tube connects the high torsion bar with the spindle, which makes the high bar twist 

at the beginning of the crash instead of the low. (Bud)   

The torque tube is made of a casted Zink alloy. (Bud 1) 

2.1.3 Spindle 

The spindle is connected to the seatbelt and the low torsion bar. The seatbelt that is not pulled 

out by the occupant is rolled up on the spindle. (Bud 1) 

The spindle is made of die casted Aluminum. (Bud 1) 

2.1.4  Spindle ring 

The spindle ring is preventing the pawls to get pushed out by the torque tube. When switching 

the spindle ring is pushed away, letting the pawls getting out of the torque tube. (Adrian1) 

The spindle ring is made of stamped steel sheet. (Bud 1) 

2.1.5 Pawl  

The pawls transfer the torque between the torque tube and the spindle. Initially the torque tube 

is connected to the spindle by the pawls. When switching, the pawls will disconnect the 

torque tube from the spindle. (Bud 1) 

The pawls are made of stamped steel sheet. (Bud 1) 

2.1.6 End piece  

The end piece is holding the spindle ring in place. When switching the end piece is deformed 

letting the spindle ring away. The end piece is also keeping the pawls under control when the 

spindle ring is pushed away. (Bud 1)  

The end piece is made of molded plastic. (Bud 1) 

2.1.7 Stop washer  

The stop washer keeps the end piece in place. (Bud 1) 

The stop washer is made of punched steel. (Bud1)  

                                                 
1 Adrian Bud Group Manager Engineering Autoliv, meeting 23 December 2016  
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2.2 Switching 

In this report switching refers to the LLA changing from the high level load limiting to the 

low level. It means less force is handled by the retractor and more webbing is pulled out by 

the occupant. Figure 2 shows a graph of the torque during a switch for the process of a 

collision. In figure 2 the spindle starts to rotate and the torsion starts on the high torsion bar 

and then switching to the low torsion bar. When switched depends on the size of the occupant. 

(Autoliv 2014) 

 

Figure 2 Torque during the switching 

During a crash the occupant pulls out the webbing, which is connected with the spindle, 

creating a force. In non-switched condition the force is then transferred from the spindle 

through the pawls to the torque tube and in to the high torsion bar which starts to twist. This 

corresponds to the high load limiting level. Figure 3 shows the pawls (orange parts) connected 

to the torque tube (light blue part) and held in by the spindle ring (yellow part). (Autoliv 

2014) 

  

Figure 3 Non-switched condition 
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In switched condition the pawls are disconnected from the torque tube making it free to rotate 

in relation to the spindle. As a result the force is transferred from the webbing to the spindle 

and on to the low torsion bar which starts to twist. This corresponds to the low load limiting 

level. In the non-switched condition the pawls are held in place (connected to the torque tube) 

by the spindle ring. When switching from high to low limit the spindle ring is pushed down, 

by the switch ring described in 2.3, which releases the pawls. (Autoliv 2014) 

Figure 4 shows the pawls (orange parts) disconnected from the torque tube (light blue part). 

The spindle ring (yellow part) is now positioned below the pawls. (Autoliv 2014) 

 

Figure 4 Switched condition 

2.3 Switch housing 

The switch housing is part of the retractor and makes the switching possible. The parts can be 

seen in figure 5. 

 

Figure 5 Switch housing assembly 

The switching starts with an ignition of the propellant inside the linear pyrotechnical actuator 

(LPA). The piston will start to move and push at the switch ring which starts to rotate. The 

Ramp 
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switch ring is forced to climb on the ramps and gets an axial movement. When moving in the 

axial direction it starts to push on the spindle ring which moves and releases the pawls. The 

typical switch-time is 60 ms. (Autoliv 2014) 

It is important that the retractor does not self-switch. Self-switching means that the pawls 

disconnect with the torque tube at the wrong time. As a result the seatbelt may not take 

enough kinetic energy and the occupant moves forward too fast in an accident. (Autoliv 2014) 
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3. Theoretical framework 

In this chapter the scientific framework the thesis is based upon will be presented. The chosen 

development process is Ulrich and Eppinger’s (2001) method and all its steps are reviewed. 

Furthermore different methods to help reach a new product are studied. Formulas for basic 

calculations on switching time and friction force are introduced. A comparison between what 

the science researches say and Autoliv’s methods are made for the concept evaluation matrix. 

3.1 Product development process 

The product development process can be described in 6 steps which transforms an input to an 

output: 

Planning  Concept design  System level design  Detailed design  Integration and test 

 Release (Unger & Eppinger 2001) 

There are two different approaches of the process. Either the 6 steps are seen as stages where 

the next step starts when the previous is ended or as a spiral where all the steps interact and 

are repeated during the development. The stage process has long lead times and the risk of 

learning about a design problem at the end of the process increases compared to the spiral 

process. On the other hand the spiral approach requires significant management attention due 

to its complexity. Some companies use one of them while others use a combination. (Unger & 

Eppinger 2001) 

3.1.1 Planning 

The process begins with a wish or a need of improvements, a rough vision of what it could 

look like and a commitment to satisfy the wish. The need can come from inside the company, 

from customers or from the market. The commitment to satisfy the wish refers to the 

manager’s approval to begin the project and the employees’ motivation. (Ottosson 2004) 

In this phase Autoliv uses a document called Design Goal Document (DGD), to get a 

structure for the project. DGD is a document where all the goals for the project are listed. 

Methods to test so that the project meets the requirements are also listed as requirements. 

(Bud2) 

3.1.2 Concept design 

The next step when developing a new product is the concept development. During the first 

creative phase many of the product features are set and a large part of the future development 

costs are determined. In this phase it´s also relatively cheap to make any changes in the 

project, and after that it will become more and more costly. Therefore the conceptual phase is 

often seen as the most important. Although, separate theories have different approaches. The 

classic theories integrated product development, concurrent engineering and simultaneous 

engineering do data collection, analyses and idea generation in a sequence while dynamic 

product development (DPD), do all the steps in parallel. (Ottosson 2004) 

The classic theories also believe it is unnecessary to reinvent the wheel and therefore begin by 

looking at already existing solutions. The risk with this approach is that it leads to small 

                                                 
2 Adrian Bud Group Manager Engineer Autoliv, meeting 13 February 2017 
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adjustments and not new inventions. In DPD the members start by figuring out their own 

solutions before looking at others. This often leads to completely new products. (Ottosson 

2004) 

Spontaneous contact is very important during a developing project. If the members are 

separated, even if it is just by a corridor or stairway, it will interfere the creativity and slow 

the development down. Therefore, at an early stage in the project the location is of great 

importance for the efficiency. Later on, when the product is well defined the need for the 

members to be in the same place will decrease. (Ottosson 2004) 

3.1.3 System level design 

After the creative phase the best idea or ideas should be further developed and it is time to 

sketch, preferably in a computer aided design-software, a general design of how the solution 

can be implemented. In some cases benchmarking can be helpful to avoid redoing earlier 

mistakes or get new angles of incidence. (Ottosson 2004) 

3.1.4 Detailed design 

When the concept is selected it is time to start producing the final parts and sketches. 

Decisions if the components should be made by the company or bought by subcontractors, 

what composition of the material is the most suitable etc. has to be made. (Ottosson 2004) 

This step is sometimes called the illumination and depending on the complexity of the 

problem and the experience in the developing group the time to reach this stage varies. The 

more experienced a person is the more solutions he or she will produce in a shorter time. 

(Ottosson 2004) 

Today products are getting more complex and many parts are depending on other parts. 

Therefore previous experience should be a base when planning this phase. The previous 

experience should therefore be underlying for planning which parameters should be designed 

or prioritized first. In this way the time spent in this phase is minimized. (Huang, Chen, Zhang 

& Xie 2014) 

3.1.5 Integration and test 

After finishing the detailed design it is time to see if the product satisfies all the requirements. 

When verifying a product it is important to use prototypes, simulations and tests because only 

the human sense is less reliable. (Ottosson 2004) 

Strict testing of the products is very important in the field of vehicle safety. The products only 

have one chance, when the car crashes the seatbelt has to work properly to avoid fatal injuries. 

Autoliv has developed its own test methods for specific requirements. (Sjövall3) 

3.1.6 Release 

When the product is fully developed and has passed all the required tests it can be released 

and go on the market. (Ottosson 2004) 

                                                 
3 Anna Sjövall’s knowledge from previous working experience at Autoliv. 
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3.2 Idea generation 

According to Ulrich and Eppinger (2012) the use of team knowledge and creativity to find 

new solutions is named internal search. This is a very important resource when working with 

concept development and is commonly made with brainstorming.  

In the idea generating process the team should focus on finding a lot of possible solutions. 

The focus on quantity lowers the expectations of quality and consequently the team members 

are encouraged to share all their ideas, even if they seem not worthy mentioning at first. The 

ideas that seem impossible to implement are very valuable in the creative phase. It forces the 

other group members to cross their boundaries when trying to find a functioning solution. As 

a result, the creative thinking will be stimulated and the chance to discover new inventions 

increases (Adánez Muñoz 2005). This theory is verified by an experiment made by Paulus, 

Kohn and Arditti (2011). They divided a number of students on a university into four groups 

and were given different instructions. This study showed that focusing on quantity was the 

most important factor to get as good ideas as possible (Paulus, Kohn & Arditti 2011) 

 

As opposed to Ottosson (2004), Ulrich and Eppinger (2012) suggest that people working 

alone will generate more concepts compared to working together in a group, although group 

sessions are needed to create consensus, discuss and advance the ideas. Therefore, the optimal 

way to work is that the members spend the first hours generating 10-20 ideas alone and later 

meet in group for discussion. Independent of whether the work is done individually or in 

groups it is important that everyone has the possibility to sketch or in other ways express his 

or her ideas. Describing geometrics with words is hard and can more often leads to 

misunderstandings. (Ulrich & Eppinger 2012)     

3.3 Concept evaluation matrix 

Normally an evaluation matrix is used evaluating different concepts. The selection will be 

more structured and prevent engineers form choosing the wrong concept. There are often a 

number of different and important criteria for a new product making the choice complex and 

without methodology there is a substantial risk of making the wrong choice. Another 

advantage with the matrix is that all engineers have to agree about the criteria before they 

begin to evaluate the concept. Engineers who use an evaluation matrix tell it helped them to 

understand the costumer’s requirements and improves quality assurance. (Lønmo & Muller 

2014) 

The method using an evaluation matrix follows a six steps process: 

1. Prepare the selection matrix. 

2. Rate the concepts. 

3. Rank the concepts. 

4. Combine and improve the concepts. 

5. Select one or more concepts. 

6. Reflect on the results and the process. (Ulrich & Eppinger 2012)     

 

When preparing the matrix the criteria are written at the left-side vertical axis. Normally 5-10 

criteria are used. It is important to choose the criteria carefully and only include the important 

ones. If many relatively unimportant criteria are used the final result can be misleading if the 
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concept gets high points at the unimportant criteria, and therefore a high total score, even if it 

got low points at the important criteria. To avoid this the criteria can be given different 

weight. (Ulrich & Eppinger 2012)     

The concepts are placed at the top of the horizontal axis. Preferably the concepts have both a 

written name and at least a simple sketch.   (Ulrich & Eppinger 2012)     

When the matrix is ready it is time to rate the concepts. According to the author one reference 

object should be selected and then the other concepts are rated compared to the reference. 

There are three scores: better than (+), same as (0) and worse than (-). After the rating all the 

point get sum up and the concepts get a ranking. The +, - and 0 are summed up individually 

and the score is calculated by subtracting the number of “–“ from the number of “+”. See 

figure 6 for a simple example of an evaluation matrix. (Ulrich & Eppinger 2012)   

 

Figure 6 Concept evaluation matrix (Baroni, Romano, Toni, Aurusucchio & Bertanza 2015) 

Autoliv uses a different system, were they use numbers instead of “+” and “-“, see figure 7. 

They use a matrix where the criteria’s are divided into main groups. The different groups then 

get a percentage of how important they are. All main groups should sum up to 100 %. Every 

criteria is then rated with a number from one to ten. The different concepts are then rated from 

one to ten, for how good they fulfill the criteria. This is then summed up and every concept 

gets a percentage. The concept with the highest percentage is the best according to the 

criteria. (Autoliv n.d.c) 
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Figure 7 Autoliv's concept evaluation matrix 

The team then has to verify the result and see if for example one concept is overall good but 

has one bad feature which brings the score down. In that case it can be motivated to rework 

the concept to eliminate the bad part. The team should also look for possibilities to combine 

the best parts from different concepts to make an even better product.  (Ulrich & Eppinger 

2012)        

Based on experience from the previous steps the best concept or concepts are chosen to be 

further developed. How many concepts the team chooses is limited by the resources, for 

example time and economics. (Ulrich & Eppinger 2012)     

In the last step the work is evaluated and it is important that every member of the team is 

satisfied with the outcome. Otherwise the team has to review the matrix and see if there are 

any important criteria missing, if the rating is unclear etc. (Ulrich & Eppinger 2012)     

3.4 DFMA 

DFMA stands for Design For Manufacture and Assembly. The method is used to construct 

products which are easy to assemble and inexpensive to manufacture. The basic idea is to 

reduce the number of parts and there are two approaches. Either eliminate the part or combine 

two parts with each other. The final goal is to increase the profit for the company without 

diminishing the function of the product. (Mohd, Ngeow, Shamsual & Mohd 2016) 

There are three different questions to help the developer to decide which parts are possible to 

eliminate.   

- Does the part move relative to other parts which are already assembled? 

- Does the part have to be made of different material than other parts? 

- Does the part have to be separated from other parts?  

If the answer is no to all the questions it is possible to eliminate the part or to combine it with 

another component. (Mohd, Ngeow, Shamsual & Mohd 2016) 

DFMA is strongly connected to the DFE-process (stands for Design For Environment). DFE 

is a tool for sustainable product development and the goal is to decrease the product’s 
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environmental impact, for example by minimizing the material usage, minimizing the number 

of different materials and designing for material reuse. (Suresh, Ramabalan & Natarajan 

2016) 

3.5 FEM-analysis  

FEM is an abbreviation of Finite Element Method. Physics can mostly be explained by 

mathematical differential equations. In a FEM-analysis a model is divided into smaller 

elements. The elements are held together with nodes. The differential equations cannot be 

solved exactly. The equations are therefore solved approximately for every node. (Young & 

Weck 2004) 

3.6 Product development cost 

There are many sides influencing the cost of a product and all have to be considered during 

the development; the equipment needed to manufacture, the time required to assemble the 

product, the number of different parts, the raw material, transport and logistic supply chain 

etc. If all these aspects are considered early in the product development phase the 

development cycle time will decrease. (Tu, Xie & Fung 2007) 

An early prediction/detection of failure in the product development process is much more cost 

efficient than a late one. The later the error is detected the more expensive it is. Studies show 

that for every step in the product development chain the cost for a change increases about ten 

times. (Johannesson, Persson & Pettersson 2013). 

The cost of the components is strictly related to the tolerances. Many tight tolerances can 

result in a high product cost. But lack of tolerances can also affect the quality negative, and 

create a need for adjustments (Sun, Cheng, Kuigang & Xinmin 2010). 

3.7 Environmental impact  

The increasing negative impact on the environment forces companies to include the 

environmental perspective when developing new products. The work includes different areas, 

for example decrease energy usage and take responsibility for the recyclability of the 

products.  Both the consumers and the governments have high demands for environmental 

considerations during production of new products. Including the environmental aspect can 

have more benefits such as cost efficiency, gaining market share and better reputation. 

(Zhang, Hafezi,, Zhao, & Shi 2017) 

The requirements for reduction of CO2 and other emissions gets more and more strict which 

forces the car companies to lower the fuel consumption in their vehicles. As a result they 

work hard to reduce the weight of all components. There are mainly three different areas to be 

considered, structure, material and process. A change in material often demands changing of 

structure and the production-process. (Dost, Khan & Aziz 2012) 

The EU legislated new requirements which limit the CO2 emission to 95 gram/kilometer by 

2021. At the same time new ways to test the emission will be released. They will reflect 

driving on the roads better and therefore give higher value than today’s tests. Many of the 

vehicle manufacturers have a hard time to reach the new requirements. If they do not succeed 
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they risk fines of 95 euro for each gram/kilometer CO2 over 95 for every sold car. (Kvandal 

2017) 

The car weight has a direct connection to the fuel consumption. If 100 kg extra weight is 

added to a car the fuel consumption is increased by 0.7 l/100 km in a conventional 

combustion engine. If the same weight is added to an electric hybrid car the fuel consumption 

can increase by 0.4 l/100km. (Reynolds & Kandlikar 2007) 

3.8 Friction force and switching time calculations  

The calculations made in this thesis can be divided into two categories; switching time and 

friction force. With switching time it means how fast a switching needs to be done. Friction 

force is the minimum force needed to get the components to move relatively to each other.  

3.8.1 Switching time 

All the equations in this chapter can be found in Tabeller och formler (Ölme 2010) 

To be able to develop a seatbelt it is important to know how fast a seatbelt has to work during 

a crash. If not using a seatbelt, the time t [s] to travel a distance s [m] with a certain speed 𝑣0 

[m/s] can be approximately calculated with equation 1. 

 𝑡 =
𝑠

𝑣0
 

Eq. 1 

If a seatbelt is used the speed will be deaccelerated and therefore equation 1 will not be 

correct. The distance an object travels with consideration of acceleration can be calculated by 

equation 2.    

 
𝑠 = 𝑣0𝑡 +

𝑎𝑡2

2
 

Eq. 2 

Were a [m/s2] is the acceleration. The braking force F [N] occurs from a torque M [Nm] in 

the spindle, which approximatively is constant and will be given by equation 3. 

 𝑀 = 𝐹 ∗ 𝑙 Eq. 3 

If it´s supposed that the lever arm is constant, the braking force also needs to be constant 

according to equation 3. 

 𝐹 = 𝑚 ∗ 𝑎 Eq. 4 

The mass m [kg] of the person does not change during a crash. This means that the 

acceleration also needs to be constant according to equation 4. The acceleration can then be 

given by equation 5. 

 
𝑎 =

𝑑𝑣

𝑑𝑡
=

𝑣 − 𝑣0

𝑡
 

Eq. 5 

Equation 5 is combined with equation 2. In a crash the speed v of the person gets 0 and gives 

equation 6. 
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𝑠 = 𝑣0𝑡 +

(𝑣 − 𝑣0) ∗ 𝑡2

𝑡 ∗ 2
= 𝑣0𝑡 −

𝑣0 ∗ 𝑡

2
=

𝑣0𝑡

2
 

Eq. 6 

If the distance s the person travels and the speed 𝑣0 before the crash is known, the time it 

takes can be calculated from equation 6. The time is given by equation 7 

 
𝑡 =

2𝑠

𝑣0
 

Eq. 7 

(Ölme 2010) 

3.8.2  Friction force 

Basic strength-calculations are used in this work to evaluate the concepts and see if different 

ideas have the potential to work.  

For a construction to work it is important the yield stress of the material will not be exceeded. 

If the load will exceed the yield stress the material will be permanently deformed and the 

construction will lose its function. The stress is calculated by: 

 
𝑃 =  

𝐹

𝐴
 

Eq. 8 

Where P [Pa] is the stress, F the force and A [m2] the contact area between the surfaces. The 

contact area can be given by:  

 𝐴 = 𝑤 ∗ ℎ Eq. 9 

Where w [m] is the width and h [m] is the height. 

When two surfaces move against each other there is always friction between them. The 

amount is decided by the friction coefficient, 𝜇, and depends on the materials of the surfaces. 

The applied force has to exceed the force of friction if an object should start moving. The 

friction force is calculated by: 

 𝐹𝑓 =  𝜇 ∗ 𝐹𝑁  Eq. 10 

Where µ is a constant called coefficient of friction and FN [N] is the normal force.  

When the retractor locks and the occupant starts to pull out the webbing the torsion bar will 

start to twist and creates a torque. The torque causes a force at the contact area between the 

torsion bar and the torque tube and between the torque tube and the spindle. This force can be 

calculated by: 

 
𝐹 =  

𝑀

𝑙
 

Eq. 11 

Where M is the torque and l is the length of the lever arm. (Young, Freedman & Ford 2014) 
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3.9 Material behavior  

When a torque is applied to a metal bar it will be initially elastically and later plastically 

deformed due to the shear stress that occurs. The deformation will be elastic if the stress is 

less than the yield stress and plastic if the stress is higher. (Callister & Rethwisch 2015) 

Elastic deformation has a linear behavior. The object’s ends will start to rotate an angle 

around the longitudinal axis relatively to each other when exposed to a torque. When the 

torque is disconnected the object will rotate back to its original position. (Callister & 

Rethwisch 2015) 

Plastic deformation is a non-linear stress. The object’s ends will start to rotate around the 

longitudinal axis relatively to each other. But when the torque is released the object will not 

rotate back to the original position, it has been permanently deformed.  (Callister & 

Rethwisch 2015)  

When doing a conventional stress and strain test, the test object starts to deform and gets a 

“neck”. Therefore, a torsional shear test is sometimes used. This has the advantage of no 

necking when trying to find the mechanical properties. When doing this kind of tests the 

result shows a Torque-Twisted angle diagram. Yang, Li and Yang (2007) has tested different 

methods for translate torque-twisted angle to shear stress-shear strain diagrams. When doing 

their work they tested materials and the torque-twisted angle had the shape of figure 8.     

 

 

Figure 8 Torque- twisted angle diagram. A is the limit for elastic- and plastic deformation. 

Figure 8 shows the linear behavior to the left of A and the plastic behavior to the right. Point 

A is where the deformation changes from elastic to plastic deformation (Yang, Li & Yang 

2007) 

3.10 Test methods  

In this chapter, the test equipment used in this work will be described. The test equipment 

described is one horizontal and one vertical static tensile test machine. 
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3.10.1 Horizontal static tensile test 

In the horizontal static tensile test the retractor is fixed and then a machine pulls the webbing 

with 100 mm/minute, see figure 9. In some cases the machine pulls until some component 

breaks and in others the operator stops the machine e.g. when there is no webbing left around 

the spindle. (Andersson & Sjövall4) 

 

Figure 9 Retractor fixed in the static tensile-machine 

 

3.10.2 Vertical static tensile test 

Vertical static tensile test is done in a machine that applies a force vertical at a certain speed. 

The speed downwards is constant and can be controlled. The tool that pushes on the test 

object can be changed and therefore adapt to different shapes of the test object. The machine 

measures the force needed to push with the constant speed that is set in advance and generated 

a force-distance graph. The machine can be seen in figure 10. (Andersson & Sjövall5) 

 

 Figure 10 Vertical static tensile test machine 

 

                                                 
4 Mattias Andersson & Anna Sjövall. Observations during the tests 30 march 2017 
5 Mattias Andersson & Anna Sjövall. Observations during the tests 5 may 2017 
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4. Method 

This chapter will describe how the project was performed. The chapter contains planning, 

concept design, system level design, detailed design, and integration and test. It describes 

what was done in the different stages and the purpose of each tests.  

4.1 Planning 

The subject of the thesis was provided by Autoliv. The Design goal document (DGD) and 

limitations were aligned together with Adrian Bud. Most of the requirements are about the 

switching performance which has to occur in 3 ms.  All the requirements used in this project 

are requirements that is used by Autoliv. The DGD can be found in appendix 1.  

4.2 Concept design 

The concept design is a creative phase and is made in different steps since creative processes 

can’t be done by sitting for hours. First the baseline concept was evaluated according to the 

DFMA to see if some components could be eliminated or built into one component. 

Thereafter different brainstorming activities were done based on the information, both alone 

and in groups. The groups included the authors and sometimes also employees at Autoliv.  

Several different ideas were developed and discussed. Some of the concepts could be sorted 

out with consideration of manufacturing, ability to switch, needed space or price. Simple 

strength-calculations were performed to sort out even more concepts. After discussion with 

the experienced employees three different concept of switching remained. 

An evaluation matrix with the criteria was made based on the DGD, see appendix 1. The three 

concepts were evaluated against each other and the baseline. The original design acts as the 

baseline and was given a 5 on every criteria, except investment costs because the investment 

cost for an already existing product is zero. The different concepts were then evaluated 

against the baseline, if a concept is estimated better it gets a higher score than five, up to ten. 

If the concept was estimated not as good as the baseline it gets a lower score than five, down 

to zero.   

4.3 System level design 

CAD-models were made of all three concepts in the matrix to see if the space provided was 

enough for the switching. In this phase the original ideas were sometimes re-designed since 

new problems occurred. The models were made in Catia v5. 

4.4 Integration and test 

Here the different tests that have been performed and their purpose are described. Three 

horizontal static tensile tests, one friction test and one test to test the strength of the spindle 

ring have been performed.  
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4.4.1 Horizontal static tensile test 1 

To further evaluate the concepts three horizontal static tensile tests were done with three 

different versions of modified torque tubes, see appendix 2 figure 23-25. The three different 

torque tubes are listed below: 

1.  A short torque tube to evaluate if the edge damages the webbing during load and to 

see if the webbing bends over the edge preventing the torque tube from moving along 

the axis.  

2.  A drilled hole in the torque tube so the remaining contact between the torque tube and 

the high torsion bar was 3 mm. The test shows whether the contact area is enough for 

the torque tube to manage the torque without breaking during load. 

3. A torque tube where half of the contact area with the torsion bar is milled away. The 

test shows whether the torsion bars will bend during load if there is just contact on half 

of the diameter.  

All three tests start with 600 mm webbing around the spindle and stop when there is no 

webbing left.  

4.4.2 Horizontal static tensile test 2 

Two more horizontal static tensile tests were performed with two new short torque tubes. The 

tests performed were a 

 0 mm-pull which means there was no webbing around the spindle.  

 450 mm webbing around the spindle. Both retractors were switch from the start, 

which means it only twisted on the low torsion bar during the test. As a result the 

torque tube rotated against the webbing during the whole test. The purpose of the test 

was to further straighten out whether a short torque tube damage the webbing.   

4.4.3 Horizontal static tensile test 3- Redone the drilled torque tube 

This test is a repetition of the second version of torque tube in 4.4.1. The test starts with 600 

mm webbing around the spindle and stops when there is no webbing left.  

4.4.4 Friction test 

The friction between the torque tube and the spindle and between the torque tube and the 

torsion bar are critical for the concepts where the torque tube is moved along the axis, and 

therefore had to be tested. The test was made with a vertical static tensile test. To test the 

friction a cylinder with the same torques and wedges as the torque tube was made. A fixture 

with slots for the wedges on the torque tube to move along and a lever arm to create the 

torque on the torsion bar were also made, see figure 11.  
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Figure 11 The equipment used for the friction test. 

During the test the cylinder was placed with the wedges in the slots and then the torsion bar 

was placed in the cylinder. By using the lever arm a torque was applied on the torsion bar to 

create the force that cause the friction. A dynamometer was used to push on the lever arm 

with a force of approximate 100 N. Then a machine pushed at the top of the cylinder and the 

force needed to move the cylinder was measured. A picture taken during the test can be seen 

in figure 12.  

 

 

Figure 12 Friction test. 
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4.4.5 Spindle ring tests 

When switching by moving the torque tube with the spindle ring, the strength of the spindle 

ring is critical. To test if the new design of the spindle ring would work, a FEM-analysis was 

made.  

To see if it is possible to move the torque tube with the spindle ring a vertical static tensile 

test was required to test the strength of the spindle ring. The spindle ring must be strong 

enough to be able to move the torque tube during the friction form 4.4.4. Before the test 5 

spindle rings were made.  

During the test a spindle ring was placed on the torque tube from the friction test. The torque 

tube and the upper part of the fixture were used to give the torque tube extra stability. A tool 

which just pressed on the spindle ring was used in the machine. The arrangement can be seen 

in figure 13. The test was done two times. 

 

Figure 8 The arrangement for testing the spindle ring strength. 
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5. Results 

In this chapter the result will be presented. First three concepts, named torque tube switching, 

band switching and stick switching, that has been developed will be described. The result of 

the evaluation matrix is explained. Also the support activities to evaluate the concepts, i.e. the 

calculations and the results of the different tests are explained. The winning concept 

according to the evaluation matrix is torque tube switching, although according to 

calculations 2360 N are required to move the torque tube along the axis which is about twice 

as the available force.     

5.1 Concept design 

In this phase three concepts have been developed. The three concepts have three different 

ways of switching between the high level and low-level torsion bar. During the development 

of the concepts DFMA has been applied for having as little parts in the designs as possible.     

The three concept have been evaluated against each other and against the baseline.  Below the 

concepts and how the concepts were evaluated are explained. 

5.1.1 Concept 1 Torque tube switching 

The torque tube has two wedges which move in two profiles in the spindle to transmit the 

force between the spindle and the high torsion bar. The torx inside the torque tube is short. 

During the switching the spindle ring will push the torque tube down and the torques inside 

the tube will disconnect from the high torsion bar. In this concept the LLA is reduced by three 

components and the torque tube is weight optimized. See appendix 3, figure 26-29.  

5.1.2  Concept 2 Band switching: 

The torque tube has two profiles which move in two profiles in the spindle to transmit the 

force between the spindle and the high torsion bar. The torque connections inside the torque 

tube are short. During the switch a pin will push at the metal strip. The metal strip then 

decreases in circuit and pushes the two wedges towards the center of the spindle. The wedges 

push down on the torque tube and the torques inside the tube will disconnect with the high 

torsion bar. In this concept the LLA is reduced by three components and the torque tube is 

weight optimized.   See Appendix 3, figure 30-32.    

5.1.3 Concept 3, Stick switching 

Three pins are placed in three profiles in the spindle and they will also connect to the high 

torsion bar to transmit the force between the spindle and the high torsion bar. The part of the 

pins which are outside of the spindle will be bend 90°. During the switch the switch ring will 

push the pins upwards and as a result they will be disconnected from the high torsion bar. In 

this concept the LLA is reduced by five components. See appendix 3 figure 33-36.    

5.1.4 Evaluation 

The three concepts are put into an evaluation matrix with criteria from the DGD. According to 

the matrix Torque tube switching was the best concept and the concept Stick switching was 

the second best. Band switching got lower points than baseline, and the other two got higher 

points. The complete evaluation matrix can be seen in appendix 4. 
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It is critical that the switching from high to low-level works correctly when an occupant is 

seated, because the seatbelt only gets one chance to protect. If the switching is unpredictable 

it is hard to know when to switch. Switching too late, the load on the chest for the person gets 

unnecessarily high. If it is too early, the person will hit the airbag with too large forward 

displacement. This is called switching with load. 

If it is desired to switch immediately, before any force is applied in the seatbelt, the switching 

must also work. Therefore, the concepts should work without requiring any force. 

If the switching force needed for switching is lower than the available force in today’s design 

the switching will work. If the force needed is higher, the LPA has to be changed.  

The times calculated in 5.2.1 give an indication of the duration of a crash, although it’s not 

completely correct because the speed of the person is decreased when the seatbelt is in work. 

If the switching should work, it is important that the time to switch between the torsion bars is 

much lower than the times calculated in 5.2.1. Therefore, the time for switching is a criterion.   

The packaging volume needed for the product should be unchanged. There should be no 

protruding parts. 

Because concept 3 got lower scores than the baseline, it was seen as outside this work to look 

further into.  

5.2 Calculations 

The calculations are presented in two different categories, switching time and friction. 

Switching time defines how fast a switching needs to be done and friction force is the 

minimum force needed to get the torque tube to move relatively the torsion bar and the 

spindle.  

5.2.1 Switching time 

If it is supposed that an occupant is seated, without seatbelt, 0.5 m from the dashboard in a 

vehicle that travels with a speed of 50 km/h (13.89 m/s), 90 km/h (25 m/s) and 120 km/h 

(33.3 m/s). Suppose that the car collides with a rigid barrier, and the speed of the car 

approximatively gets zero immediately. A seatbelt is used to reduce the speed of a person 

before hitting the airbag. The requirement of the belt let out is 0.5 m. If that combined with 

the speed used without seatbelt is inserted in equation 7 it shows that the time it takes so stop 

is 0.072 s at 50 km/h, 0.04 s at 90 km/h and 0.03s at 120 km/h. 

𝑡 =
2 ∗ 0.5

50
3.6

= 0.072 𝑠 

𝑡 =
2 ∗ 0.5

90
3.6

== 0.040 𝑠 

𝑡 =
2 ∗ 0.5

120
3.6

= 0.030 𝑠 
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Usually the legs and the knees are much closer to the dashboard than 0.5 m. The times 

calculated are rather the times it takes for a person to hit their head. 

The times calculated give an indication of the collision duration. There are some exceptions 

as that the breaking force is not constant.   

For a correct switching behavior, it is important that the time to switch between the torsion 

bars is much lower than the times calculated. 

It is critical that the switching works correctly, because it gets just one chance. If the 

switching is unpredictable it is hard to know when to switch. If switching occurs too late, the 

person will not interact with the airbag correctly. If it switches too early, the person will hit 

the airbag with too high speed. 

5.2.2 Friction force 

The high torsion bar will limit the torque to 96 Nm and the low is 37 Nm, the difference 59 

Nm and will be transferred by the torque tube to the spindle. The lever arm from the middle 

of the torsion bar to the contact area between the torsion bar and the torque tube is an average 

of 8 mm. Equation 3 gives the force: 

𝐹𝑁 =  
59 𝑁𝑚

0.008 𝑚
= 7375 𝑁 

Assume the coefficient of friction to be 0.2, the friction force between the torque tube and the 

torsion bar given by equation 10 will be: 

𝐹𝑓 = 0.2 ∗ 7375 = 1475 𝑁 

Since the torsion bar is made of steel and the torque tube is made of a Zink alloy the yield 

strength of Zink alloy, 228 N/mm2, will be the critical. The needed contact area given by 

equation 8 is: 

𝐴 =  
7375 𝑁

228 𝑁/𝑚𝑚2
= 32.3 𝑚𝑚2 

There are six sides of contact and each is 2.3 mm high, the needed width of the contact X is 

given by equation 10: 

𝑋 =
32.3 𝑚𝑚2

2.3 ∗ 6
= 2.3 𝑚𝑚 

There are 6 mm available for movement of the torque tube, which means that it is possible to 

move the torque tube in vertical direction with consideration of the space available.   

There will also be the friction between the torque tube and the spindle, due to the wedges that 

move in the profiles in concept 1 and 2. The friction here will appear as a result from the 

moment from the torsion bar.  The lever arm here will be 10mm. Equation 11 gives the force 

𝐹𝑁 =  
59 𝑁𝑚

0.010 𝑚
= 5900 𝑁 
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Assume the coefficient of friction is 0.15, the friction between the torque tube and the spindle 

will be: 

𝐹𝑓 = 0.15 ∗ 5900 = 885 𝑁 

This means the total force needed to move the torque tube is  

𝐹𝑓 𝑡𝑜𝑡𝑎𝑙 = 1475 𝑁 + 885 𝑁 = 2360 𝑁 

The LPA generates approximatively 1200 N. This indicates some more force will be needed 

to be able to move the torque tube. There will also be additional friction between the webbing 

and the torque tube that’s not calculated here.  

5.3 FEM 

Since the concept stick switching could be eliminated after the first horizontal static tensile 

test no FEM-analysis was done for the concept. For the torque tube switching a FEM-analysis 

was done for the spindle ring. Pictures of the result can be seen in figure 14 . 

 

Figure 14 Fem analysis of the spindle ring showing the von Mises stress and displacement 

 

In the analysis, the upper surface of the ring was loaded with 2000 N and the maximal 

displacement was 1.88 mm and the maximum stress was 5173 MPa. The result shows the 

spindle ring will not be able to move the torque tube but rather bend and break.  

5.4 Applied DFMA 

In the development process DFMA was applied on the baseline design of LLA.  The idea that 

were generated is with DFMA:   

 The torque tube could be integrated in the spindle if the torsion bars are moved during 

switch.  

 The pawls could be integrated with the spindle ring.  
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 The torsion bars could be built as one part.  

 The switch ring and the spindle ring could be built together.  

Even though the ideas generated by DFMA may be possible to implement some would not 

reduce the costs. For example, integrating the torque tube in the spindle would make the 

spindle harder to manufacture and therefore increase the costs.  

The problem with integrating the spindle ring and the switch ring is that they move relative to 

each other when switching between high and low torsion bar. When further investigated the 

band switching was developed, where one part (the strip) replaced both the spindle ring and 

the switch ring.  

For the switching ring to be able to move the torque tube the pawls had to be integrated in the 

spindle ring.  

5.5  Testing 

Below the results from all the tests will be presented. The horizontal static tensile test with the 

milled torque tube showed the torsion bars will bend during load. The tests with the short 

torque tube showed the torque tube do not damage the webbing. The friction test showed it 

requires 2360 N to move the torque tube and the spindle strength test showed the spindle ring 

could take approximately 420-440 N.  

All the retractors needed for the tests are built by Autoliv. The test equipment for the friction 

test, the spindle rings for the strength test and the modified torque tubes are designed and the 

drawings are made by the authors but manufactured by Autoliv.     

5.5.1 Horizontal static tensile test 1 – Different Torque tubes 

The test with the milled torque tube can be seen in figure 15. The test showed the torsion bar 

will bend upwards during load if the contact with the torque tube just cover half the diameter. 

As a result it disconnected with the torque tube and the retractor self-switched. It shows the 

concept with the sticks will not work since the torsion bars will bend, as in the test, and self-

switch during high load. 



27 

 

Figure 15 Force/position graph for the milled Torque tube 

The graph for the test with the short torque tube can be seen in figure 16. During the test the 

retractor self-switched due to the end piece. The fact that the retractor self-switched did not 

affect the result. The goal with the test was to see if a short torque tube damaged the webbing 

during load and no marks could be seen on the webbing while disassembling the retractor, 

which was the desired result.  

 

Figure 16 Force/position graph for the short torque tube 

 

The graph for the test with the drilled torque tube ca be seen in figure 17. During the third test 

the retractor self-switched due to the contact area between the torsion bar and the torque tube 

being too small to transfer the load. Therefore, the test is not useful since it can’t tell whether 

3 mm contact is enough. The test needs to be redone.  
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Figure 17 Force/position graph for the drilled torque tube 

If the diagram in figure 16 are compared with the theory in 3.9 it can be seen that it have the 

linear part in the beginning. In this region there is elastic deformation. On the short torque 

tube the plastic deformation is very similar to the behavior in figure 8. On the milled torque 

tube in figure 15 the force is slightly increasing.  The torsion bar bending, creates an 

oscillation. The oscillation is when each cog came in contact with the torque tube the force 

increased until the bar bent again. In figure 17 the force is increasing in the beginning and 

suddenly drops down. Here is where the cogs broke and the self-switching was done.  

5.5.2 Horizontal static tensile test 2 – Two short torque tubes 

The graph for the graph for the 0 mm webbing spindle test can be seen in figure 18. After the 

test no analysis on the webbing was done. The authors were not participating during the test 

and when the test was done, the webbing was separated from the retractor. 

The tear down analysis of the retractor showed the webbing pin was displaced. The pin had 

bent at the part where it did not had support of the torque tube and had started to move over 

the torsion bars. This can also be seen in the figure 18. After 150 mm the graph starts to 

decrease rapidly, then rises, decreases rapidly and so one. The rapid decrease is probably 

when the webbing pin is loose and the risings are when the webbing pin is stuck somewhere 

in between the torque tube and the spindle. Eventually the webbing is torn off.   
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Figure 18 Force/position graph for 0 mm pull 

The graph for the 450 mm pull test can be seen in figure 19. showed the torque tube do not do 

any marks at the webbing when rotating against it. The graph in figure 19 looks as expected. 

Since only the low torsion bar was twisted the graph is constant around 1250 N. The reason 

the force rises the last 50 mm is because there is no webbing left on the spindle.  

 

Figure 19 Force/position graph for 450 mm pull 
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The tests confirm a short torque tube will not damage the webbing when used even if the 

retractor switches directly and therefore the torque tube rotates against the webbing. The 

result of the 0 mm test shows it will not work since the requirement for the 0 mm pull is 

15 000 N and the webbing pin can only handle 11 150 N. However, the horizontal static 

tensile test 1 showed the webbing pin is not deformed during the high load level.  

5.5.3 Horizontal static tensile test 3 – Remade test with the drilled torque tube 

The graph for the remade test with the drilled torque tube can be seen in figure 20. The test 

was supposed to start with 600 mm webbing around the spindle and do not stop until all the 

webbing had been pulled off. However, when receiving the test data it ended at only 276 mm. 

Since there were data problems from the machine the graphs received were empty. The graph 

in figure 20 was done with help from the raw test files instead. 

 

Figure 20 Force/position graph remade test with a drilled torque tube.  

Tear down analysis showed the high torsion bar had twisted one revolution before self-

switching to the low level. During the test the thread head had moved 1-2 mm bringing the 

torsion bars with it. As a result the contact area between the torque tube and the torsion bar 

became smaller. From the graph for the short torque tube in horizontal static tensile test 1 the 

force level when twisting the high torsion bar is approximately 5000 N and when twisting the 

low torsion bar the force level is around 1250 N. The graph in this test is approximately 1750 

N which tells some contact between the torque tube and the torsion bar remained during the 

test. Although, it’s not enough for twisting the high torsion bar. This means the test data given 

is not right. 

Comparing the graph with the one for the milled torque tube in horizontal static tensile test 1 

the shape is quite similar, the graph has a sinus shaped form. This indicates the torque tube 

and the torsion bars moved against each other or the torque tube were deformed so the contact 

area varied. Since it varies around 1750 N there was always some contact between them. The 

tear down analyze showed that the torx in the torque tube and the torx at the torsion bar had 

been deformed. 
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There are two possible reasons the thread head was not correctly connected to the spindle 

when disassemble the retractor. One possibility is that it was not assembled correctly from the 

beginning or it was pushed off during the test. The marks at the torque tube and the torsion 

bar indicates the spindle head and torsion bars were pushed away due to a small contact area.   

In contrast to the calculations in 5.2.2, that said 2.3 mm contact should be enough, the test 

show even 3 mm is too small. The different could depend on the length on the level arm. If 

changing the level arm to 6 mm the calculations shows the contact needs to be 3 mm. Due to 

the measurements of the torques the lever arm has to be somewhere between 6-8 mm. 

Therefore, the test should show that 3 mm is enough, the unexpected result can depend on the 

fact that the spindle head moved.   

5.5.4 Friction test 

The graph of the test can be seen in figure 21. The graph shows it requires 1102 N for the 

torque tube to start moving in the test due to the static friction. When the static friction force 

is exceeded the friction force decreases due to the kinetic friction. In figure 21  the force 

decreases to 1058 N, which is the required force to keep the torque tube moving. 

Theoretically the force should remain at 1058 N and not increase as in the graph. The analysis 

of the parts after the test showed the torsion bar had deformed the torque tube and this is 

probably the reason the force kept increasing.  

 

Figure 21 Measurement of friction force 

 

The necessary force for the lever arm can be given by equation 3. The torque in the high 

torsion bar is 59 Nm and the length of the lever arm is 30 cm  

𝐹 =
59

0.3
≈ 200 𝑁 

Due to difficulties attaching the test equipment hard enough the lever arm was only loaded 

with 100 N, which means the moment at the torsion bar was only 29.5 Nm instead of 59 Nm 
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as needed to reflect the moment in a real situation. Since the length of the lever arm and 

friction coefficient are constant the required force from the test result can be duplicated to get 

the force needed to move the torque tube when the moment is 59 Nm. It means the actual 

force to move the torque tube is 2204 Nm and it requires 2116 N to keep it in motion.   

The test results correspond well to the calculations which show the required force to be 2360 

N, which further confirms the result. The difference is probably due to the fact that the 

friction coefficient is estimated.   

During the test the friction between the webbing and the torque tube was eliminated. As a 

result the force needed to make the torque tube start moving will be higher than the outcome 

of the test. Since the space inside the spindle, where the torque tube and the webbing are 

positioned, is limited the webbing goes quite tight against the torque tube which causes higher 

friction.   

The LPA output force is approximately 1200 N, which means the force is too low to activate 

the movement of the torque tube. Since there always has to be some security, that there is 

more created force than force needed, the LPA needs to have more force available if the 

concept should work.  

5.5.5 Strength of the spindle ring 

The graph for the test can be seen in figure 22. The force-distance graph shows two different 

spindle rings and shows that the maximum force the rings could take was 421 N and 437 N, 

respectively. The 2 graphs show a very similar behavior. The small difference in the 

maximum force is most likely due to a small difference in the geometry. To get the wanted 

thickness of spindle ring, it was needed to be processed when it was made in the work shop. 

The first millimeter in the graph when the force is 0 N, can be explained by the distance 

between the tool on the machine and the spindle ring. This means that the tool and the spindle 

ring did not have contact with each other in the beginning of the test.  

 

Figure 22 Two different spindle rings tested 
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If the graphs figure 22 are compared with the theory in 3.9 it can be seen that there is a 

correlation between the behaviors, the linear behavior in the beginning and the plastic 

deformation later on.  

If the maximum force the spindle ring was able to take, is compared with both the calculated 

force needed to move the torque tube in 5.2.2 and the measured force needed from 5.5.4, it 

can be concluded that this spindle ring does not have the strength to move the torque tube. 

This is also verified by the FEM result in 5.3. 

5.6 Detailed design 

Since the tests in 5.5.4 showed that the force needed to move the torque tub is higher than 

available and the test in 5.5.1 showed that the torsion bar needs support all the way around, 

this means none of the concepts could work the way they were designed at the system level 

and there was no time for further development this step was not reached. This is also why no 

risk evaluation was done.  
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6. Discussion 

In the following chapter the method and the result will be discussed. Involving more 

experienced engineers in the brainstorming had both advantages and disadvantages. Ulrich 

and Eppinger´s and Autoliv’s methods for concept evaluation are compared. 

6.1 Idea generation 

When working with a product for a long time, it will give an experience which means it will 

be easier to see what works and what doesn’t work. This makes it easy to quickly evaluate 

and move on without looking further into the solution. Most of the people at seatbelt 

department at Autoliv have worked there for several years. This means some of them have a 

lot of experience concerning LLA. When talking to people at Autoliv they knew how the 

product works, which is both good and bad. It is positive that they, based on experience and 

judgement, can tell what will work and what will not work. This was a big advantage for this 

project. The negative was that concepts sometimes were rejected too fast, without seeing 

important things, which can be the danger when having a lot of experience on a specific 

design. Therefore, it could be an advantage to involve engineers from other departments that 

have experience, but don’t know the design. 

Some of the concepts were sorted out without first being rated in a matrix. Although they 

were considered too challenging to implement it can be a risk if a concept gets thrown away 

too fast. To prevent any mistakes both authors had to agree that the concept was hard to 

implement and more experienced engineers were asked.  

During the work the authors sat together at Autoliv as Ottosson (2004) suggested due to the 

importance of spontaneous contact.  

Except from Autoliv’s LLA no other load limiters were studied before the concept 

development begun. This to reduce the risk of getting too focused on already existing ideas. 

Although studying Autoliv’s LLA was necessary to be able to learn its function.   

 

6.2 Concept evaluation matrix 

The concept evaluation matrix used in this thesis is the matrix Autoliv uses, and not the one 

that Ulrich and Eppinger (2012) describe.  

The different matrices have both advantages and disadvantages. The main advantage with the 

matrix Ulrich and Eppinger (2012) suggest is the simplicity and clearness. When evaluating 

the different concepts the only consideration is if the concept is better or worse than the 

baseline which makes it simple to complete. The result is easy to overview since there is only 

+ or -. On the other hand, the result becomes unsure due to the lack of levels in the rating. The 

risk of two concept getting the same amount of + and – increases and it can be hard to 

separate them from each other using the matrix.  

The main advantage with Autoliv’s matrix is the complexity which makes the result more 

reliable. By using 1-10 when rating the concepts, the result both indicates if the concept is 

better or worse than the baseline but also rates the concept against each other. The risk of 
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concepts getting the same points decreases compared with Ulrich and Eppinger’s (2012) 

version and it is easier for the user to separate the concepts. On the other hand, the complexity 

can also cause problems. Sometimes it can be hard to decide how to rate a 7 or an 8 and 

depending on the weighting of the criteria that can make a significant difference. Therefore, it 

requires more experience and consideration to complete the matrix. 

The Ulrich and Eppinger (2012) matrix is preferable when a quick result is desirable or when 

there is a significant difference between the concepts. Normally the choosing of the right 

concept is critical in the product development-process and then Autoliv’s matrix is a better 

choice. 

In this project Autoliv’s matrix is used to get as gradated result as possible and because it will 

be easier for Autoliv to use the work done in this thesis later on. Both the criteria and the 

rating were done together with employees at Autoliv to avoid wrong rating due to 

inexperience.  

6.3 System-level design 

The CAD-software used in this project is Catia v5. Catia is used at Autoliv. By using Catia 

the existing models of the parts could be used and modified instead of redoing all the parts.  

6.4 Results   

Moving the torque tube with some extra force for security will require at least 3000 N and 

even if the force is possible to achieve it would probably destroy the spindle and not only 

move the torque tube. Therefore none of the concepts are worth further development.  

The fact that the metal strip will not work since the strap would break can be a new 

possibility. As a possibility, a strap could be strong enough to keep the pawls in place during 

the high level and then be destroyed when switching.   

Even if the available force is not enough to move the torque tube as wanted in the different 

concepts, shortening or in other way redesigning the torque tube is still a good idea. Finding a 

solution and be able to shortening the torque tube would save 23 grams for each retractor, 

more than twice as much as the goal in the DGD.  

6.5 FEM-analysis 

The FEM-analysis was done in Creo Parametic since the authors had no time to learn the 

FEM in Catia. Due to secrecy, the parts could not be remodeled exactly the way they are 

designed, therefore, the FEM were done at modified and simplified parts. The FEM was done 

at the changed parts separately and only one part from each concept so no connection to the 

concepts could be made.  

Since the analysis was done on simplified parts the results can only act as a guideline.   
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6.6 Environmental impact 

The idea with the concept was to reduce the number of parts. It would not only reduce the 

weight of the retractor but also reduce the number of transports during the manufacturing. 

Most of the parts are manufactured at different locations and then transported to the place 

where they are assembled. Minimizing this logistic would reduce both the emissions and the 

costs for the company. It would also make the assembling easier and more effective.  

Shortening the torque tube would save 23 grams which can be seen as a small decrease of the 

weight, especially in relation to the weight of a complete vehicle. Since the vehicle 

manufacturers are under high pressure to reach the new strict CO2 emission requirements 

every gram that can be reduced is important. A vehicle contains hundreds of part and a small 

weight reduction on each will make a considerable difference.  

If the reduction of the CO2 emission due to reduced weight of the retractor is multiplied with 

the amount of cars the retractor is used in it will be a considerably decrease.    

6.7 Testing 

All the testes were done at Autoliv in Vårgårda who provided all the equipment needed, 

which was a huge advantage for the work. The process of making a test involves three steps; 

produce test samples, build the retractors and finally test. Of course this require some time 

while ordering the different parts and retractors made the time even longer. As a result fewer 

tests could be performed.    

The horizontal static tensile test 2 and 3 where done without the authors attending which 

made it harder to fully understand what happened during the static tensile test 3.  

6.8 The development process 

From the beginning the plan was to work with one step in the product development process at 

a time and begin the next when the previous was finished. At an early stage of the project it 

turned out a spiral approach was preferable. Especially the concept evaluation, system level 

design and testing were done in parallel since the test results were needed to evaluate the 

concepts. 

6.9 Product development cost 

According to the theory, the later a failure is predicted in a development process, the more 

expensive it is. Therefore, the first static tensile test were done in an early stage. Doing 

different tests before making a more detailed design saves many hours of work which also 

contributes to lower development costs.   

When doing the friction test a fixture was made that should represent a spindle. The fixture 

had a geometry that was easy for Autoliv to make. If a completely new spindle should be 

made for a test, it would be more expensive to make.  
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7. Further recommendations 

More 0 mm-pulls should be done to get a clearer picture of the problem that the webbing pin 

bends. 

Further investigation of the possibility to redesign the torque tube to reduce its weight is 

recommended. Today the torque tube is longer than it needs to be for transmitting the torque 

form the torsion bar and the spindle. One suggestion is to make the torque tube thinner after 

the connection with the torsion bar instead of shortening it as were done in 5.5.1. The torx 

have no use below the torsion bar and by the outer geometry the webbing pin will still have 

some support preventing it to bend at 0 mm pull.    
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8. Conclusion 

The purpose with this thesis was to develop a new way of switching between high and low 

load limiting on an adaptive load limiter. The goal was to reduce the cost with 0.15 euro. 

There was also a wish of reducing the weight with 10 g. This should be done without 

changing the function of the retractor.  

To do this three concepts using different ways of switching between high and low torsion bar 

were developed. The concept band switching was too complex, which meant no cost 

improvement.  

To further evaluate the two reaming concepts a number of tests were made.  When testing the 

concept called stick switching, it turned out that the torsion bar will bend, and therefore the 

high torsion bar will not work.  

The test and calculations for the last concept called torque tube switching showed that the 

force needed to get the torque tube to move was 2204 N (from test) and 2360 N (calculated). 

The available force is 1200 N, which means that the force needed is too high. The test for the 

spindle ring showed that the maximum load it could take was 421 N. This means the spindle 

ring designed for this concept doesn’t work. 

The conclusion is that the work done in this thesis couldn’t develop a new design.  

The weight goal could probably be reached by modifying the torque tube. Exactly how the 

torque tube should be modified needs further development, it could ether be shortened or 

drilled or a combination.  
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Appendix 1 – Design goal document 
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Appendix 2 – Modified torque tubes used in Static tensile test 1 

 

Figure 93 Original torque tube compared with the short tube used in the test 

 

 

Figure 24 Original torque tube compared with the drilled tube used in the test 

 

Figure 25 Milled torque tube used in the test 
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Appendix 3 - Concepts 

Torque tube switching 

 

Figure 26 Exploded view 

 

 

Figure 28 Section view before 

switching 

 

Figure 29 Section view after switching 

 

   

             

 

 

 

 

 

Figure 10 Spindle assembly 
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Band switching 

 

Figure 30 Spindle assembly     

 

 

 

 

Figure 31 Before switching 

 

Figure 32 After switching 
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Stick switching 

 

Figure 33Exploded view 

 

Figure 114 Spindle assembly 

 

Figure 35 Section view before 

switching 

 

Figure 36 Section view after 

switching 
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Appendix 4 - Concept evaluation matrix 

 


