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Abstract 
When small children travel in minibuses, during for example day-
care transports, they seldom have adequate protection in terms of 
crash safety. To be sufficiently protected the child should travel in a 
rearward facing child restraint system (CRS). The possibility to use 
such a seat is unfortunately accompanied by several problems. The 
main issues are that it can be hard and time consuming to secure a 
conventional child restraint system and that the available space in a 
minibus is limited. 
 
The task is therefore to develop a new system that makes it possible 
to easily secure the child restraint system in the bus, without 
compromising the space and mobility of the other passengers. This 
is done by using the newly developed anchorage system, Isofix, in 
combination with a small stand that replaces the bus seat. 
 
Testing and evaluation of the developed system shows that it is 
achievable with a simple design to rapid and effortlessly secure a 
rearward facing child restraint system in a minibus, and thus giving 
small children the highest possible level of safety.   
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Sammanfattning 
När små barn färdas i minibuss, under t.ex. dagistransporter, är de 
sällan tillräckligt skyddade ur krocksäkerhetssynpunkt. För att vara 
tillräckligt skyddade krävs det att barnet färdas i en bakåtvänd 
bilbarnstol. Tyvärr åtföljs användandet av en sådan stol av flera 
stora problem. De största problemen består i att det oftast är svårt 
och tidskrävande att montera en konventionell bilbarnstol, samt att 
utrymmet i minibussar är begränsat. 
 
Uppgiften består därför i att utveckla ett nytt system som gör det 
möjligt att enkelt fästa en bakåtvänd bilbarnstol i en minibuss, utan 
att för den skull inskränka på utrymmet och rörligheten för övriga 
passagerare. Detta åstadkommes genom att använda det nya 
fastsättningssystemet för bilbarnstolar, Isofix, i kombination med ett 
litet stativ som ersätter bussätet.  
 
Provning och utvärdering av det framtagna konceptet visar att det 
med en enkel konstruktion, snabbt och utan problem går att montera 
en bakåtvänd bilbarnstol i en minibuss och därmed även ge små 
barn en så bra skyddsnivå som möjligt.  
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1 The definition of a M1 vehicle is a vehicle with not more than eight passenger seats additional 
to the drivers seat.   1  

1 Introduction 

1.1 Background 

When children travel in cars and smaller buses, they need additional 
crash safety equipment to be adequately protected. This is because 
children’s physiology is quite different from that of an adult. For cars 
there are a great number of child restraint systems available and if 
used correctly, most of them offer good protection. For buses on the 
other hand there are very few systems available for young children 
(0-5 years).  
 
For larger buses and coaches the need for extra protection is 
somewhat less since the crash-violence generally is considerably 
lower compared to a car. A proper used seat belt (preferably a three 
point belt) may be adequate, especially if used together with a 
booster cushion. In smaller buses intended for 20 people or less 
(minibuses) and especially in minibuses classed as M1 vehicles1, 
the need for extra protection is greater. These types of buses are 
often used in day-care transports and for other activities such as 
field trips.  
 
For adequate protection children of until approximately four years of 
age should travel in a rearward-facing CRS [www.vv.se]. The use of 
such CRS in minibuses is today unfortunately followed by a number 
of problems. These problems are even more obvious when used in 
day-care and other professional transports, where the CRS cannot 
be permanently installed. One main issue is that installing a CRS is 
not an easy task and it takes some time to do it correctly. This 
makes it practically impossible to use in professional transports 
where time often is precious. The space in a minibus is also limited 
and many of the CRS’s on the market will not fit except maybe in the 
front passenger seat, which on the other hand may not be a possible 
option if it is equipped with an airbag. Even if they do fit the person 
installing it will probably be forced to use extreme and uncomfortable 
positions.  
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There is however one standardized system available for easy 
installment that is called Isofix and it is explained in chapter 1.7. This 
system only solves the installing and removing part of the problem 
and it also require that the seat it equipped with appropriate 
anchorages.      
 
Other related problems are that children of this age tend to get quite 
dirty and if seated in a rearward-facing CRS the feet will often leave 
the original seat with a dirty backrest.  
 
The protection of the children during travel is mere one aspect of 
many concerning day-care transport. In an attempt to make day-
care transports safer VTI has been commissioned by The Swedish 
National Road Administration (SNRA) to evaluate the current 
situation, investigate what solutions are available on the market and 
produce new ideas and concepts of how to make day-care 
transports safer. As a part of this project VTI had an idea of 
developing a system that makes it possible to fit a rearward-facing 
CRS equipped with the Isofix anchorage system in a minibus. The 
idea was then formed into this master thesis.  

1.2 VTI 

The Swedish National Road and Transport Research Institute (VTI) 
is a national research institute organized under the Ministry of 
Industry, Employment and Communications. VTI performs advanced 
applied research and development of high quality aiming to 
contribute to the national transport policy objective for sustainable 
development. The principal duty is to carry out research and 
development concerning infrastructure, traffic and transport. The 
research and development shall also include general analyses of the 
impact of the transport sector on the environment and energy use.  
 
The research shall contribute to enhancing knowledge and skills 
within the transport sector aiming to fulfillment of the six sub-goals of 
the national transport policy objective: an accessible transport 
system, high transport quality, safe transport, a sound environment, 
favorable regional development and gender equality. 
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VTI’s main office is located in Linköping and the company has 
approximately 200 employees. 

1.3 Purpose 

The purpose of this project is to develop a system for fixation of a 
rearward-facing Isofix CRS in a minibus. To simplify the reading of 
the report CRS from now on equals Isofix CRS if not stated 
otherwise. 

1.4 Project Specification 

Minibuses used in public transports are today often equipped with a 
flexible interior, using rails in the floor and seats equipped with a 
locking mechanism that make the seats very easy to install and 
remove (Figure 1.1).  
 

   
Figure 1.1: Example of floor rails and a bus seat undercarriage 

The idea is to use this rail system and develop a small stand that 
replaces the seat and admit an easy installment of a CRS. Using the 
Isofix interface the installment and removing of the CRS can be 
made fast and the risk for incorrect installment is minimized.  
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The option of where in the car the CRS is to be installed can be 
greatly increased and depending on the size of the construction, you 
might be able to install more CRS’s than there normally are seats.   
 
By replacing the seat with a smaller system, the mobility inside the 
vehicle is increased. Since the seat is removed the problem with 
dirty backrests is also eliminated. The possibility to attend to the 
child during travel might also increase. 
 
To summarize the project consists of: 

• Investigate the current situation regarding child safety in 
minibuses and what products are available. 

• Determine the product specification 
• Generate a number of concepts 
• Design a prototype 
• Crash test the prototype 
• Evaluate the crash test and if necessary make adjustments to 

the prototype 
 
The official specification for the Master thesis can be found in 
Appendix 1. 
 
VTI has no interest in manufacturing or using the result from this 
project in any commercial way. The project is funded The License 
Plate Foundation (in Swedish: Skyltfonden) belonging to the SNRA. 
The funds given by the foundation are supposed to contribute to 
public use and therefore the final report will be available to the 
public.      

1.5 Delimitations 

Only rearward-facing CRS equipped with the Isofix anchor system 
are to be considered. This is because the Isofix system offers a 
superior usability compared to traditional systems (Berg & 
Gregersen 1992). 
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1.6 Children’s Physiology 

Why do children need extra protection and why should children of up 
until four years of age travel backwards? This is because, as already 
mentioned, children’s physiology is quite different from that of an 
adult. The main difference is that a child’s head is proportionally 
much larger than that of an adult. An average adult head weights 4,5 
kg and constitute about 6 percent of the total body mass. A 
newborns head on the other hand constitute 20 percent of the body 
mass and for a one year-old the head represent 25 percent. The 
relationship then slowly decreases and for a three year-old the head 
comprise 18 percent. The relationship continues to decrease but 
even at ten years of age the child’s head is proportionally twice as 
heavy as that of an adult.  
 
This means that for a 75 kg adult to simulate how it feels to be a one 
year-old, one have to put on a helmet weighing 14 kg. VTI does not 
recommend you to do this due to risk for neck injury. Figure 1.2 
below is an attempt to visualize the difference. 
 

 
Figure 1.2: The proportional charges in body segments with age 
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If a frontal crash occurs while the child travel properly seated in a 
forward-facing CRS, the head first hurls forward and then 
backwards, resulting in an enormous strain on the neck (Figure 1.3). 
The strain is a result of that the torso is restrained while the head 
can move freely. Although the neck supporting the head also differs 
proportionally to an adult, for young children it is not strong enough 
to support the head during a crash. The result is a severe risk of a 
broken neck or other neck or head trauma (www.vv.se).   
  

 
Figure 1.3: Example of a frontal collision with a forward facing system (VTI) 

If the child is seated in a rearward-facing CRS the backrest supports 
the entire upper part of the body and the head is not allowed to 
move relatively to the torso in the same way as for a forward-facing 
system. Also the contact area between the body and the CRS is 
much greater and therefore resulting in a much more favorable 
situation for the child.    
 
Now all crashes are not frontal collisions, but side and rearward 
collisions are also common. For side collisions there is no apparent 
difference between rearward and forward facing systems. For a 
rearward collision the forward- and rearward-facing systems of 
course get a reverse function.  
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The relative speeds of the colliding objects are for a rearward crash 
generally considerably lower compared to a frontal collision.  
Since the protection given by one CRS cannot be made equal for 
both directions at the same time, it is more important that the 
maximum protection is for a frontal collision.   

1.7 Description of Isofix 

The most common way to install a CRS is to use the car’s seat belt. 
The installation can be rather time consuming and it is not intuitive 
how it shall be done correctly. Even if the person installing the CRS 
is experienced, there is a risk of negligence when repeating a 
complex procedure under shortage of time. The problems become 
very clear in surveys on misuse. Surveys made in the USA by The 
Automobile Association shows that 70 % - 80 % of all CRS’s are 
installed incorrectly and that up to 30 % are so poorly installed that 
they offer no or very little protection. Surveys made in Europe 
indicate a similar situation (www.theaa.com, www.seatcheck.org).  
 
In an attempt to simplify and eliminate the risk for incorrect 
installation, efforts were made to come up with an alternative 
installation method. A number of different systems were tested and 
is presented in a report by Berg (1998). The report includes a survey 
where parents tested and compared the different systems (including 
the traditional method) and the result shows that the new systems 
perform excellent. One of these systems, Isofix, were then further 
developed and later standardized in the International Standard ISO 
13216. 
 
The system consists of two connectors on the CRS and two round 
anchorage bars attached to the seat frame or chassis. The 
connectors are pushed onto the bars1 and lock automatically (Figure 
1.4 and 1.5). An indicator on the CRS ensures the user that the 
attachments are locked by shifting from red to green and displaying 
different symbols.  
 
1Note that the hoops in figure 1.4 and 1.5 are NOT ISOFIX anchorage bars. The 
hoops are merely used to illustrate the system. The requirements regarding the 
anchorage bar can be found in ISO 13216. 

http://www.theaa.com/
http://www.seatcheck.org/
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Figure 1.4: Unengaged Isofix attachment (Note the indicator with the pad lock 

symbol) 

 
Figure 1.5: Engaged Isofix attachment 
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2 Method 
Several different design methods have been used in this project.  
The purpose of using methods is to simplify the design process and 
inspire to creativity. They also function as a checklist that prevents 
the designer from conducting initial errors and simplifications that 
later on can endanger the project. The following three main methods 
have been used: 
 

1. Systematic Design 
2. Sketching and Reasoning 
3. Structural Variation 

2.1 Systematic Design 

One of the design methods used in this project is the Systematic 
Design method by V. Hubka. The method is described in 
Kursmaterial till specialiseringen KT-PU (2001). The idea of the 
method is to break down large and complex problems into smaller 
and more manageable problems. The method is divided into the 
following six parts: 
 
1. Critical Problem Review 
2. Function Analysis 
3. Generation of Concepts 
4. Preliminary Layout 
5. Dimensioned Layout 
6. Detailed Layout 
 
In this paragraph only the first three part of the method will be 
discussed. The later parts will be briefly discussed in their respective 
chapter.   
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2.1.1 Critical Problem Review 

In the first part of the review the foundation for the project is being 
laid. A fast and nonchalant review may result in an unstable 
foundation, which can have devastating effects later in the project. In 
this phase a State of the art investigation and a patent review is 
made. A project plan is formed and the projects economical and 
technical viability is investigated. The desired outcome of the review 
is a list of design parameters.    

State of the Art 
A State of the art investigation is made to investigate what 
knowledge there is on the subject, and if similar problems have been 
solved previously. This is done mainly because it is unnecessary to 
spend time inventing something that has already been invented, but 
it can also function as an inspiration for new ideas.  

Product Specification 
The final part of the review is the forming of a list where the 
requirements and requests set on the product are specified. This list 
will work as a guide and a limiter for the continued work. To produce 
a good list of criterion it is important to understand the task and the 
products purpose, limitations etc. Before the list is composed one 
should have answers to the questions below: 
 

• What is the problem? 
• Who has the problem? 
• What is the goal? 
• Which side effects shall be avoided? 
• What limiting factors are there concerning the problem? 
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2.1.2 Function Analysis 

In the Function Analysis phase, the task is divided into smaller 
individual problems. The analysis is made in three steps, where the 
first two are on a level that is abstract and independent of solution. 
This is to prevent from fixating on well-known, obvious solutions 
instead of keeping an open mind. The last step however becomes 
more concrete. The result comes in form of a Function/Means-tree.   

Black Box 
The products main function, i.e. the core of the problem, is 
described with a “Black Box”. The Black Box describes the problem 
on a level that is abstract and independent of solution. The Black 
Box consists of an input, a main function and an output. For the 
main function an operand is chosen, which corresponds to what the 
main function transform. This can be energy, matter or information. 
An example of a Black Box for a coffee maker is given by figure 2.1.  

Make coffe

Coffee beans

Water

Hot coffee

Operand: Coffee beans

Waste

 
Figure 2.1: Example of a Black Box for a coffee maker 

Technical Principle 
When the Black Box is determined a main technical principle that 
the product will use to accomplish the transformation is chosen. 
Normally several different principles are investigated and evaluated 
to find the most suitable for the current project. As an example, the 
technical principle for powering a car could be to use a combustion 
engine, an electrical motor etc. The evaluation and investigation of 
the technical principle should be done thoroughly since it usually has 
a very large impact on the final result.   
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Transformation System 
With the Black Box as a starting point, a technical process is 
established which shows how the operand is transformed from input 
to output. These changes occur when some system affects the 
operand. The system can be an external one, for example man or 
another technical system, as well as the system that is to be 
developed. By deciding which system makes each transformation, a 
transformation process is established. An example of a technical 
process based on the Black Box shown in figure 2.1 is given by 
figure 2.2. 
 

Coffee beans

Water

Store coffee
beans

Store water

Make coffee
powder

Heat water

Mix coffee
powder and water

Separate coffee
powder and coffee

Contain coffee

Keep coffee
warm

Hot coffee

Contain waste Waste

 
Figure 2.2: Example of a Technical Process 
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Function/Means-tree 
The breaking down process then continues in the forming of a 
Function/Means-tree. The tree is made up of functions, which are 
the problems that are to be solved, and means, which are 
suggestions of how to solve the functions. The means can be a 
technical principle, geometrical model, a certain component etc. An 
example of a partial Function/Means-tree based on the 
transformation process for the coffee maker is given by figure 2.3. 
 

Make coffee

Heat water

Hot plate

Microwaves

Separate coffee
powder and coffee Keep coffee warm

Hot Plate

Insulated
container

Filter

Gravity

Make coffee powder

Grind beans

Crush beans

Blend water and
coffee powder

Produce microwaves Contain microwaves Create insulation

Vacuum

Low
conductivity

 

Figure 2.3: Example of a Function/Means-tree 

The trees top function equals the function of the Black Box. The 
functions of the transformation system, which are to be performed 
by the technical system, constitute the second level. The means that 
are to solve these functions produces in their turn new functions with 
associating means. In this manner the problem is broken down in a 
tree-like structure and becomes more manageable.  
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The rule for how extensive the breaking down should be is that it 
should continue as long as the choice of means in the lowest level of 
the three results in a clear difference in the later composed 
concepts. The purpose of the Function/Means-tree is to get as many 
solutions to the partial problems as possible. The method also 
counteracts that focus falls on well-known overall solutions.  
 
The disadvantage of the methods is that for even rather small and 
simple systems, the tree tends to become very large. This results in 
that problems cannot always be broken down as far as desired. 
Function analysis method is good for solving technical problems, but 
it is not suited for designing things where the problem is the solid 
mechanics and shape of a structure. Nor is it suited for problems 
where usability is a main issue.  

2.1.3 Generation of Concepts  

When the problem has been broken down in the Function/Means-
tree, one means in each branch at the lowest level are combined 
into complete conceptual solutions to the main problem. Since there 
are several means in each branch the number of possible concepts 
that can be formed is usually large. The concepts only consist of 
solutions to the different problems that are to be solved. It has not 
yet been decided how these different technical solutions are linked 
together.  

2.2 Sketching and Reasoning 

If the method Systematic Design initially strives towards breaking 
down the problem into smaller and smaller parts that are treated 
independently, the method sketching and reasoning can be seen as 
its counterpart. It is questionable if it even can be called a method. 
 
First the main problems of the project are specified. Then the 
working procedure is to start with an idea of for example a structure 
and write it down and describe it on a piece of paper together with a 
basic sketch. While doing this, flaws and areas where trouble might 
be expected usually occur.  
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You write these thoughts down as well and continue with trying to 
solve them, constantly writing and most importantly sketching. This 
produces new ideas with new problems. Hopefully the design gets 
better and the problems less the more it is analyzed. The desired 
result consists of a well thought through structure and an 
understandable sketch, which is also designed to make the other 
main problems solvable.  
 
When feeling that a specific idea is taken as far as possible for the 
moment, you come up with a completely different idea or approach 
and repeat the procedure. This method is nothing more than just 
thinking the problem through, but the constant writing and sketching 
makes it easier to back-track a design. It also makes it possible to 
see why a certain decision was taken in case it is forgotten. Many of 
the design ideas can also be implemented in later attempts. A 
negative aspect is that since you basically just write down what pops 
into your head, it is hard and tiresome for an external party to review 
and criticize the work. It is therefore necessary to review and 
summarize the ideas into a bit more formal format.  

2.3 Structural Variation 

The method structural variation can be used for fast and creative 
design of structural and shape related problems (Tjalve 1979). Often 
these kinds of problems come with external boundaries and contact 
areas, as well as internal limitations where structure is forbidden. 
Sketching down these boundaries and forbidden areas result in a 
template with the structures minimum requirements. With the 
boundaries specified it is quite easy to quickly generate a great 
number of valid designs which then can be evaluated. The exercise 
resembles something of a combination between connect the dots 
and fill in the blanks. An example for a tape dispenser is given by 
figure 2.4.  
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Figure 2.4: Example of boundaries for structural variation. 
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3 Project Review 

3.1 State of the Art 

There are no products on the market that make it possible to fit an 
Isofix CRS in a minibus. The kind of special equipment for children 
available consists of booster cushions and different types of seat 
belt arrangements (Figure 3.1). Note that these belt systems do not 
increase the protection compared to a normal three-point seat belt 
used together with a booster cushion. These systems limit the 
movement of the torso in the same way as described in chapter 1.6. 
Their purpose is instead to prevent the child from detaching itself 
from the seat. The only found product to improve protection during 
forward facing travel was different kinds of booster cushions. No 
products designed to allow secure rearward-faced travel could be 
found. 
 

                      
 
  

Figure 3.1: Different types of systems in public transportations  

To evaluate the situation regarding floor rails and how seats and 
wheelchairs etc. are attached, two manufacturers of minibus 
interiors (Karosseriverken AB, Autokaross AB) and one 
manufacturer of seats (Noco-Stolar AB) were visited.  
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Since the Isofix standard is a relative new standard the available 
CRS on the market are today quite limited. The standard consists of 
three parts, where one part was completed in 1998 and part three in 
2002. Part two is still under evaluation and will probably be 
completed during 2003. The only available rearward-facing Isofix 
CRS is manufactured by Volvo which can be seen in figure 3.2.  

 
Figure 3.2: Volvo Car Corp. Isofix Child Restraint System 

This CRS will be used in the testing and evaluation of the stand. The 
number of available CRS in the future will probably mainly depend 
on the car manufacturer’s ability and will to incorporate the standard 
in their new cars. Many manufacturers however do equip their cars 
with Isofix or at least have it as an option. Today approximately 
150 000 cars are equipped with Isofix attachments. 
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3.2 Technical and Economical Evaluation 

The project can almost certainly be solved technically. The State of 
the Art investigation presented a number of solutions to secure 
elements to the floor of the minibus. The strength of the floor rails 
should be adequate since they are designed to hold a seat with a 
belted adult. The securing of the CRS should also be solvable since 
the anchor points are well specified both regarding strength and 
dimension. The required interior vehicle space to accommodate a 
CRS is standardized in ISO 13216, which gives a good reference for 
appropriate dimension of the stand. VTI has its own crash lane and 
workshop making testing and manufacturing much less of a 
problem.  
 
Economically the project funds will be sufficient for development, 
manufacturing and testing. After completion the result can be used 
by any interested party, for example the manufacturers of minibus 
interiors to whom it can work as a sales argument towards potential 
buyers. Since the design is already developed and tested much of 
the costs for the manufacturer are avoided, making it more attractive 
from their point of view. The project can thereby be motivated 
economically. 

3.3 Product Specification 

Guided by the project specification and the results offered by the 
state of the art investigation, a list was made where the 
requirements that the product must fulfill was specified. The list also 
contains some requests that necessarily do not have to be fulfilled. 
The main requirements can be found in the list on the next page. 
The complete Product Specification can be found in Appendix 2.  
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Functional Requirements 
 
The stand shall be able to secure a rearward-facing CRS fitted with Isofix 
attachments. 
The stand shall be quick and easy to install/remove correctly with a 
minimum of instructions (sticker etc.). 
The stand shall not impair the CRS by means of fulfilling the criterion 
given by ECE R44.03 
The stand shall allow attachment of any CRS with dimension less or 
equal to the child restraint fixture defined in ISO 13216-3. 
The stand shall fulfill the static strength requirements defined in ISO 
13216-1. 
 
Requirements of Safety 
 
It must not be possible for a child/children to release the stand or the 
CRS, neither on their own or their neighbor’s seat. 
The stand shall not under any circumstances (i.e. before, under or after a 
crash) endanger the function of the CRS. 
 
Ergonomic Requirements  
 
The stand shall not cause the child or other occupants discomfort during 
travel (vibrations, noise etc.). 
The installation/removal of the stand shall require no above normal 
strength. 
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4 Function Analysis 
This chapter describes how the methods discussed in chapter 2 are 
used in the project.  

4.1 Black Box 

Figure 4.1 shows the used Black Box. 
 

Use COPS

CRS

Stand

Evacuated CRS, stand

COPS - child occupant protection system  
Figure 4.1: Black Box 

The Black Box formulates the purpose of the stand in a very abstract 
way, which is the intention. The box comprises the entire usage of 
the stand without focusing on any special event. This might also be 
considered as a problem since the box does not narrow down the 
problem in any way. The relationship between keeping a wide 
perspective while not loosing focus is truly a balance act. The Black 
Box used is the one which balanced these two extremes in the most 
satisfying way. 

4.2 Technical Principle 

The technical principle is to use a stand that secures the CRS in the 
car. This technical principle was decided already in the thesis 
specification and no reasons why it should be altered was found.  
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4.3 Technical Process 

The occurring events when using the stand is fairly obvious and the 
technical process can thereby easily be established. The process 
used is given by figure 4.2.  
 

Secure CRS

Secure stand

Admit
positioning

Verify locking

Release CRS

Release
stand

Admit evacuation
of the COPS

Adapt stand for
storage

Evacuated stand
and CRS

Stand

CRS

 
Figure 4.2: Technical process 

4.4 Function/Means-tree 

The establishment of the Function/Means-tree was very hard unlike 
the two initial steps. This is to be expected since the stand interacts 
with many external systems and that the different features of the 
stand are dependent of each other. For example, the securing of the 
stand and the release of the same are tightly linked. The 
dependency becomes obvious when the tree is used to compose 
concepts. Choosing one means in one branch then instantly 
eliminates the use of many means in the other branches, or even 
makes only one mean possible. This is not an uncommon problem 
and dependency can hardly ever be fully avoided, but in this case 
the dependencies in some branches are too strong.  
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The dependency might be a result of incorrect chosen means and 
efforts were made to find alternatives, but the result was lean. The 
produced trees top branches can be seen below in figure 4.3. The 
complete tree can be seen in Appendix 3. 
 
 

Stand and CRS

Use COPS

Adapt stand for
storage

Stand can be
hung

Geometry
suited for piling

Decrease
volume

Stand can be
dismantled

Release CRS

Separate release-
mechanism

Open locking-
mechanism

Release stand

Separate release-
mechanism

Open locking-
mechanism

Verify locking

Indication for
secured stand

Secure stand

Secure in
floor-rails

Secure by
magnetism

Secure by
sticky material

Secure CRS

Isofix-coupling

Indication for
secured rotation

of CRS
Indication for
totally secured

system
Indication for

secured ISOfix
coupling  

Figure 4.3: Top levels of the Function/Means-tree 

The strongest argument against the use of this method is that it is 
only designed to be an aid in solving technical problems. The main 
issue in this project is the shape and solid mechanics of the stand in 
combination with usability, which this method is not designed for. 
Solving technical problems such as the locking mechanism or how 
to prevent forward rotation (see chapter 5.5) before the shape is 
preliminary determined therefore becomes pointless. This is 
because it is impossible to evaluate and compare the different 
concepts since they are dependent on the shape and solid 
properties of the stand.  
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The concepts produced when combining means becomes merely a 
number of independent technical solutions with no apparent benefits 
or disadvantages as a whole compared to another. The effort to 
make the theory and tree work was therefore abandoned because 
the amount of work required was not proportional to the result that 
could be expected. Even though the desired result in form of 
concepts could not be achieved, the work put in was not a waste. 
Forming the tree require that you thoroughly think the problems 
through and analyze its different technical aspects. Analyzing each 
part independently gives a deep understanding of the complexity of 
the problem and is very helpful in the continued work. 
 
The motive to use this method was to make it easier to keep an 
open mind and not block oneself from other solutions than the first 
you come up with. The downside is that you might get too many 
solutions and you can not possibly evaluate everyone in a proper 
way. This later is unfortunately exactly what happened in this 
project.  

4.5 Sketching and Reasoning 

When the fruits of the function/means-tree could not be harvested as 
anticipated, a more conventional method of sketching and reasoning 
was tested. First the main problems were specified. These are: 

• The stands structure 
• Secure stand in floor rails 
• The Isofix coupling 
• Preventing forward rotation 

 
Instead of trying to divide each problem into smaller elements each 
problem was treated as a whole and with consideration to the others 
in the manner described in chapter 2.3. Still the specified problems 
are fairly independent so the creativity is not compromised. The 
result was many pages with sketches and ideas. Many of the 
solutions to the different parts could be combined and formed into 
concepts. Sorting and evaluating the material gave a solid base of 
ideas and solutions that could be further developed by structural 
variation into a preliminary design. 
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4.6  Structural variation 

There are several external objects that have to be considered when 
designing the stand. This gives the boundaries of the stand and 
makes it easier to find good and valid designs.  

4.6.1 Envelope Dimension for the Child Restraint System 

In ISO 13216 the space required in the vehicle to accommodate a 
certain type of CRS is specified. This also gives the manufacturers 
of child restraint systems guidance to what maximum dimensions 
their systems can have. For this project the dimensions of a full size 
rearward-facing CRS is used since this ensures that any future CRS 
will fit the system. The dimensions are given in shape of a box which 
is given by figure 4.4. For reference, the height of the box is 680 mm 
and the base is 550 mm long. 

      
Figure 4.4: Model of the minimum required space in the vehicle to 

accommodate a full size rearward facing CRS (ISO 13216)

4.6.2 Floor Rails 

After the function analysis it was decided that the stand attachments 
to the floor rails should not be made flexible to fit several different 
rail systems. This is because the design would be unnecessary 
complex and thereby expensive. The initial design is made to fit the 
rail system used by Karosseriverken AB in their smaller buses 
(approximately 20 passengers).  
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The stand is on the other hand made so that it will be very easy for 
other manufacturers to modify the rail attachments to their rail 
systems. The dimensions of the rail can be found in Appendix 7. 

4.6.3 Isofix Coupling 

The Isofix coupling consists of two attachment devices on the CRS 
which connects to two anchorage bars on the stand. The bars are 
round with a diameter of 6 mm and must have an effective length of 
no less than 25 mm. In ISO 13216 the minimum required space 
around the bars is given in form of a checking device which can be 
seen in figure 4.5.  
 

 
Figure 4.5: Device for checking space around Isofix couplings 

4.6.4 Vehicle Interior Space 

The space towards the seat in front of the stand as well as to the 
sides is limited. Again the interior by Karosseriverken was used.   

4.6.5 Template of Contact- and Forbidden Areas 

When the boundaries discussed in the previous chapters are 
combined an envelope in which the structure must be kept is 
produced.  
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With the envelope determined, structural variation can be used to 
quickly produce many valid designs. The template is given by figure 
4.6.  
 

 
Figure 4.6: Template of forbidden and contact areas 

 



Concept for Installment of  Preliminary Design 
Child Restraint Systems in Minibuses 

  29 

    

5 Preliminary Design 
The preliminary design is a stand where all previously discussed 
elements come together and forms a preliminary solution. Some 
regard is taken to dimensions and production aspects, but the main 
objective is to receive a concept with clear potential for further 
development. 

5.1 Loads 

The most important factor for the design of the structure is the loads. 
They determine where and in what direction the structure has to be 
strong, and must therefore be thoroughly investigated before any 
good preliminary designs can be made. In the earlier design work 
consideration has been taken to the loads, but since the problem of 
how to prevent forward rotation was not obvious, a complete load 
case could not be determined. The load cases discussed here is 
based on the rotation preventing methods described in chapter 5.5. 
Note that the stands dimensions are not considered in the 
preliminary design phase, but the direction and relative magnitude of 
the forces are important issues for the design.  
 
There are two loading cases that are to be considered. They are 
based on the crash pulses specified in ECE R44.03, which are used 
to test child restraint systems. There are also in other regulations 
specified tests for the strength of the attachments to the floor, the 
strength of the Isofix couplings etc., but since the crash pulses 
specified in ECE R44.03 is rather tough, fulfilling these pulses gives 
that all other regulating pulses and tests also are fulfilled. The 
required pulses are given in chapter 8. 
 
The maximum load during the frontal impact can be up to 28 g and 
for the rear impact up to 21 g. These are the maximum loads and 
the required loads are only 20 g and 14 g respectively. Still the 
higher loads were used as the dimensioning loads since the actual 
pulse in the crash test can not be made to precisely follow the lower 
level.  
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Another reason is that the loads are in fact highly dynamic which 
have greater impact on brittle materials than a static load. Since it is 
hard to simulate dynamic loads, static loads are used for 
determining dimensions and they should therefore be set higher 
than their corresponding dynamic load.  A more humane reason also 
was that it simply feels wrong to go for the minimum when children’s 
safety is concerned. The goal was therefore set to that the stand 
should not break before the CRS. 
 
The objects that are to be restrained are a three-year-old child and a 
CRS. The combined mass of the child and the CRS was set to 25 
kg. A model of a child in a general CRS was made to get an 
estimation of center of gravity. Using this model and Newton’s 
second law, F=m·a, gives the load cases shown by figures 5.1 and 
5.2.  
 

 
Figure 5.1: Load case for frontal impact
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  1 Ylva Matstoms VTI, discussion 2003-02-25.  

 
Figure 5.2: Load case for rearward impact 

Note that the CRS in figure 5.1 and 5.2 is not completely horizontal 
but has a small incline. This is because the child in general benefit 
from sitting more upright since the back then is pushed more straight 
into the CRS’s backrest. A lesser inclined position allows the child to 
slide upward and the stress becomes more concentrated to the 
shoulder area. Again the head can move while the shoulders are 
restrained, resulting in tension in the neck (Matstoms1). Since all 
CRS’s are made for cars which seats are inclined, the stand should 
have a similar angle to not decrease the functionality of the CRS. 
This also reduces the loads on the Isofix couplings to some extent.  

5.2 Structure of the stand 

The sketching and reasoning, in combination with structural 
variation, resulted mainly in two categories of stands depending on 
the type of construction element. One category was stand mainly 
made of tubes and the other of a structure with more solid and 
beamlike structure.  
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Tubes can be bent in almost any possible way limited only by its 
minimum bending radius. Bent tubes have an advantage in that they 
do not produce any sharp edges but are rather pleasant to handle. 
Standardized tubes are available in many different qualities and 
dimensions, making it possible to achieve low costs without limiting 
the design process. 
   
Beams and sheet metal can also be shaped in almost any way. If it 
is possible to use standard components the costs can be kept low. 
The ability to use certain structures designed to take a special kind 
of load can result in a good strength/weight ratio. The downside is 
that you usually get sharp edges when using this type of structure.  
 
The load case gives a good idea of where and in what direction the 
stand has to be strong and fortified. Other factors are as previously 
mentioned that the stand should be pleasant to handle. This gives 
that sharp edges should be avoided. It also gives that since the 
space in a mini-bus is very limited is should be small, which also 
goes hand in hand with the desire of low weight. Keeping the stand 
low will reduce the bending moments and therefore also dimensions.  
 
Some concerns have been mentioned about that the child will not be 
able to see out thru the windows if the stand it low. But if the stand 
should be made that high, the moments and forces should require a 
much too large and heavy construction than can be accepted.     
 
Of the many sketches and ideas produced, two concepts were 
refined into preliminary stands, which were modeled in a CAD 
program. Some preliminary dimensions were determined using 
comparison with existing bus seat undercarriages and analytical 
solid mechanics. One stand was made of tubes and the other with 
pleated sheet metal and they are shown in figure 5.3 and 5.4.  
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Figure 5.3: Preliminary stand made of tubes 

 

 
Figure 5.4: Preliminary stand made of pleated sheet metal 

5.3 Attachments to the Floor 

It was decided that the principle for attaching the stand to the floor 
was to use a device that hooks around the floor rail and then is 
locked or tightened in some way. This principle is used for most bus 



Preliminary Design       Concept for Installment of  
  Child Restraint Systems in Minibuses 

34   

   

seats today and was chosen due to its simplicity and that the rails 
are designed for this.  
The arrangement of the attachments depends on which that gives 
the most favorable loading case. Two arrangements were 
investigated, one arrangement using two hooks and another using 
two hooks and an element that tightens the mechanism.  
 

Several conceptual locking mechanisms were also developed but 
due to production costs and the fact that there are several 
appropriate locking mechanisms available on the market, the locking 
mechanism was eventually bought instead. 

5.4 Isofix Couplings 

The contact area and dimension of the Isofix couplings are well 
defined and can be treated as a rather independent part. The 
important thing is that the structure allows and is designed to be 
equipped with a coupling. Some preliminary designs were made but 
the couplings were mainly designed after the structure was more 
exactly determined. The Isofix couplings are therefore more 
thoroughly described in chapter 6.3.  

5.5 Preventing Rearward Rotation 

The rotation occurs in a rearward collision and when the CRS 
bounces back after a forward collision. Volvos CRS prevents this by 
using the support of the backrest (Figure 5.5).  
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Figure 5.5: Volvos Isofix CRS installed in a car 

The first solution that comes to mind might be to equip the stand 
with something that has the properties of a backrest when it comes 
to preventing rotation. The high loads however require this part to be 
rather solid and large which can produce problems with weight and 
size. Therefore further development of this solution was postponed 
to later when the stands weight could be determined more accurate.     
 
Another option is to use a so-called top tether, which is a strap that 
is usually mounted on the top of the CRS (Figure 5.6). This is used 
to prevent rotation for both forward- and rearward facing systems. 
The tether is a part of a system similar to the Isofix system called 
LATCH, which is common in the USA where it is standardized. The 
positioning of a top tether is now also standardized in the ISO 
13216. Since there is only one rearward facing CRS available on the 
market it is hard to say if top tethers will be a common feature. 
Probably at least some systems will be equipped with a suitable 
tether and therefore the stand is to be equipped with an attachment 
for it.  
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Figure 5.6: Placing and function of a top tether [www.seatcheck.org] 

A last and little more complicated solution is to use the so called 
lower anchorage bands that many Scandinavian CRS’s are 
equipped with. They are not as easy to secure and remove as a 
tether, thus loosing some usability. To ensure the functionality of the 
stand, it is still made so that either a tether or a lower anchorage 
band can be used. 
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6 Dimensioned Design 
The objective for the dimensioned design is to take the idea from the 
preliminary design and transform it into a stand that is simple and 
cheap to produce. Dimensions and materials for the stand are 
chosen based on solid mechanics and costs. The dimensions were 
determined using FEM-analyses, comparison with similar products 
and the experience of the workshop and crash lane personnel. 

6.1  Structure of the Stand 

Due to production costs, simpler manufacturing and more pleasant 
handling the stand made of tubes was chosen for further 
development. The stand given by figure 5.3 in the previous chapter 
was based on the idea that the stand should be wider than the CRS. 
The CRS was to be supported by the crossing straps, which are of 
the same material as seatbelts. Since seatbelts only take tensile 
stress, and that the belts adjust them selves to the bottom of the 
CRS, the force from the straps will always be in approximately the 
same direction and you will get a rather soft and favorable contact 
between the stand and the CRS. When the required dimensions 
were determined, the stand proved to be too heavy, weighing 
around 12 kg.  
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The stand was therefore narrated and a supporting plate on top of 
the stand replaced the straps. The result given by figure 6.1 and 6.2 
is a much slicker design, which is also a great deal easier to 
manufacture. 
 

 
Figure 6.1: Dimensioned design viewed from the front 

 
Figure 6.2: Dimensioned design viewed from the rear 
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The stand is made up of eight parts with the following numbers 
given by figure 6.3: 
 

 
Figure 6.3: Layout of the stand 

1. Isofix coupling 
2. Main tube 
3. Forward rail 
4. Middle rail 
5. Rear rail 
6. Locking hook 

• Locking mechanism 
• Supporting plate 

 
For future reference the forward part of the stand will be defined as 
where the Isofix coupling is positioned. This is because the stand 
unfortunately has such a clear sense of direction. This is unfortunate 
because when mounted correctly in a bus the Isofix couplings will be 
facing rearward. A reversion of the reference direction would still 
probably only lead to more confusion and it is therefore easier to 
simply state that correctly installed the stand should face rearward.  
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The direction of the stand is in fact not important for other reasons 
than understanding this report. This is because the stand will 
probably always be used together with a rearward facing CRS. It will 
therefore be the CRS that decides how the stand is to be installed. If 
the stand is mounted alone, it does not matter in what direction it is 
placed.  

6.2 Main Tube 

The frame of the stand consists of two identical bent tubes shown by 
figure 6.4. The forward bend was reinforced with a stiffener to 
reduce bending moments and stresses in the weld connecting the 
tube to the forward rail.  
 

 
Figure 6.4: Main tube 

The tube, as well as the whole structure, is designed with focus on 
that if the loads are greater than designed for, the stand should be 
able to deform rather extensively rather than breaking. A sudden 
collapse, which generally occurs when the loads are at their peak, 
makes the stand loose its ability to decelerate the CRS. Since the 
vehicle continues to decelerate, there will be a difference in speed 
when the CRS makes contact with the next object, resulting in high 
loads on the body. A controlled deformation on the other hand 
consumes energy and makes the deceleration gentler. A stiff design 
is therefore to be avoided since it often produces stress 
concentrations, which can lead to crack propagation and breakage.  
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Materials 
The principle for the material selection is to use the cheapest and 
most common material with the required material properties. This 
principle is applied to all material selection in this project. The 
material chosen for the tubes was steel ST 52-3 (SS2134) with 
dimensions Ø25x2 mm. This is a common construction tube with 
yield strength of 340MPa.  

6.3 Isofix Coupling 

The Isofix coupling is made of a short tube with holes and a hoop 
made of a solid bar as seen in figure 6.5. The hoop goes thru the 
tube and is plug welded to the back of the tube. The tube is then 
welded to the main tube.  

     
Figure 6.5: The Isofix coupling 

The hoop is not welded at the forward holes giving it some degree of 
freedom to move and deform. Another reason is to avoid having a 
heat zone where the greatest bending moments are to be expected. 
A heat zone is a side effect of the high temperatures that occur 
when welding. The heat affects the material both in the weld and in 
the immediate area, giving a zone with harder and more brittle 
characteristics.   
 
Materials 
The material of the tube is also ST 52-3 (SS2143) but with the 
dimensions Ø25x4 mm. The hoop is made of a Ø6 mm bar of 
SS2333.  
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This material was chosen due to its higher impact toughness, which 
is an important quality since there is quite a bit of play in the 
coupling between the bar and the CRS’s attachment.  

6.4 Rails 

There are three rails in the design, each with a different task. The 
forward rail shown by figure 6.6 is the most complex one and 
therefore also the most difficult to manufacture. All rails are welded 
to the main tubes. 

 
Figure 6.6: The forward rail 

The forward rail holds the stand in place during a forward collision, 
transmitting all inertial forces of the stand and the CRS to the floor. 
The outer forward flange is to reduce the stress concentration on the 
weld connecting the tube to the rail. The bends on the outer parts 
are to increase toughness against a side collision and also to 
remove sharp edges from the sides. 
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The middle rail is very simple and its task is to together with the 
locking hook to secure the stand during a rearward collision which is 
seen in figure 6.7.  

 
 

Figure 6.7: Middle rail together with the locking hook 

The bent edges of the rails are to give a more solid connection to 
the tubes. When locking, the locking hook which flat part lay on top 
of the middle rail, enters the floor rail and is tightened by the locking 
mechanism. The middle rail is then pinned between the floor and the 
locking hook and prevents the stand to rotate forward. The link 
between the locking mechanism and the hook is made by a 
threaded bar. The connection on the locking mechanism is a nut or 
a threaded cylinder, depending on which lock that is used. This 
makes it easy to adjust the distance to the hook and thereby get a 
grip around the rails that is rigid and without play.   
 
The middle rail also simplifies the removal and handling of the stand. 
When the stand is unsecured the locking hook is in its most forward 
position not engaging the floor rail. Since the locking mechanism is 
rather loose and does not prevent the locking hook from rotating up 
or down, trying to remove the stand without the middle rail result in 
that the locking hook rotated downward and thus also forward 
engaging the floor rail. Since the middle rail lies flat beneath the 
locking hook, it will prevent the locking hook from rotating and 
instead lift it straight out of the floor rail. The middle rail also limits 
the locking hooks movement during handling, keeping the hook 
where it should be.  
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The rearward rail shown (Figure 6.8) allows attachment of a tether 
or a lower anchorage band. The forward part is bent to decrease the 
rails flexibility and increase the stiffness, making it more difficult for 
the tubes to move inward when the rails start to deform. The bent 
edges are as for the middle rail to give a more solid connection to 
the tubes. The hoop is welded in the same manner as the Isofix 
couplings.  
 

 
Figure 6.8: Rearward rail 

Materials 
All rails as well as the locking hook are made of ordinary SS1312, 
which is a very common steel. It has adequate material properties 
and is cheap. The hoop is made, based on the previous discussion 
concerning the Isofix coupling, of an Ø6 mm bar of SS2333. For the 
connection between the locking mechanism and the hook a 
threaded M6 8.8 steel bar is used.  

6.5 Locking Mechanism 

The locking mechanism must be easy to understand and operate. 
The force required to secure and release the lock should not oppose 
a problem for an adult, but it should do so for a young child. The 
mechanism should be equipped with some kind of block to prevent 
unwanted release. This should also not be a problem for an adult 
but it must be designed so that a child can not operate it. It must 
also not release under the inertial and external forces occurring 
during a crash.  
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Securing and removing the stand must be quick and easy, and the 
user should receive some sort of feedback that it has been secured 
correctly. This can be done by visual or audio means. If possible, 
securing and releasing should not require that the user have to get 
down on the floor or use other uncomfortable positions. Several 
locking mechanisms were designed in the preliminary design phase 
but due to production costs the mechanism was bought instead. 
There are many appropriate mechanisms available on the market 
with the desired functions. The cost for development and 
manufacturing of a new locking mechanism was estimated to 8000 
SEK while the purchased ones with more than adequate function 
cost 30 SEK.  
 
Two mechanisms were tested, both manufactured by Beslag & 
Metall AB (Figure 6.9). The left one is currently used in the bus seat 
undercarriages used by Karosseriverken AB, which insures that its 
function is tested and validated. Another benefit might be that the 
end user is familiar with the lock, which should simplify 
understanding and usage.   
 

 
Figure 6.9: The two purchased locking mechanisms 

6.6 Supporting Plate 

The plate’s task is to negotiate a soft yet firm contact between the 
CRS and the stand. The plate is fastened to the main tubes using 
four M4 steel screws. The plate (Figure 6.10) is made of three 
layers.  
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The base layer, the one closest to the tubes, is made of 9 mm birch 
plywood. Birch has a high strength/weight ratio and is also rather 
cheap. The plywood gives the plate its required structural integrity.  
 

 
Figure 6.10: The supporting plate 

The middle layer is made of extruded polystyrene (XPS), normally 
used for ground insulation of buildings. The function of the layer is to 
be energy absorbing and to spread the forces produced by the 
bottom of the CRS over the birch plate. If the pressure becomes too 
high (over 300 kPa for the used XPS) the XPS will compress and 
deform. The deformation is almost completely plastically, giving that 
the amount of energy returning to the CRS when unloading, and 
thus producing a rebound, is small.  
 
Normally a similar material is used for the chock absorbing element 
in bicycle helmets and CRS. The difference is that this material 
generally is expanded polypropylene (EPP) or expanded 
polystyrene (EPS) instead. The problem is that the EPP must have a 
certain level of density (i.e. hardness) to function well. This is no 
problem to achieve when producing products, but it is very hard to 
find high density EPP in shops which was required for the ability to 
make a prototype. The XPS has a high density and was therefore 
used for the prototype.  
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Note that a high performance EPP (strength 100 kPa pressure or 
above) might be preferable in a later production stage since it is 
cheaper and very easy to mold into the desired shape. The 
described function of the XPS is the same for EPP. 
 
The top layer is made of soft and elastic closed cell polyethylene 
foam. This gives a soft connection between the stand and the CRS. 
The polyethylene foam is very resilient to permanent deformation 
and protects the plate and XPS from damage and deformation 
during normal usage.  
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7 Component and Usability Testing 
Based on the dimensioned design, two complete stands were made 
for testing (Figure 7.1). Before they were made, one Isofix coupling 
was made and tested. Also an artificial bus floor with authentic rails 
was made to make the testing as realistic as possible. 
 

 
Figure 7.1: The two manufactured stands 
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7.1 Testing of Isofix Coupling 

The Isofix coupling was according to the FEM analyses a critical 
element and it therefore made sense to test this part individually 
before making the prototypes. The prototype can be seen in figure 
7.2. 
 

 
Figure 7.2: The Isofix coupling prototype 

First the coupling was submitted to a compressive force, simulating 
a rearward impact. The setup is given by figure 7.3.  
 
The square metal bar between the pressure pad and the hoop is to 
simulate the Isofix attachment on the CRS. The socket on the 
supporting aluminum block is to ensure that the hoop does not 
receive extra support from the surrounding. The two additional bars 
on the sides are for stability only. 
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Figure 7.3: Compressive stress test. 

The test was stopped at 4500 N, which is well above the required 
2950 N (half of the load case in figure 5.2), because the prototype 
was to be used for the tensile stress test as well. No visual 
deformation could be detected during or after the test, meaning that 
there is a considerable margin from 4500 N to breakage.  
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The tensile test was performed by putting one seatbelt thru the hoop 
and another around the tubes, and then pulling the one thru the 
hoop (Figure 7.4). The seatbelt gives a somewhat more gentle and 
distributed connection to the hoop than an Isofix attachment, but 
with the large testing force achieved it is of no importance.   
 

              
Figure 7.4: Tensile stress test 

The intension of the test was to take the coupling to breakage, but 
the test was ended at a tensile force of 18000 N. The test was 
ended because at this load, the seatbelt started to break and would 
probably collapse before the coupling. The top part of the hoop was 
somewhat bent (approximately 0,5 mm center displacement) and on 
the inside corners of the hoop, some indications of a soon to be 
break was spotted. This is of no concern since 18000 N is about four 
times the required strength. 
 
The only consideration that one might have is that the tests only 
submit the hoop to pure tensile and compressive force. During live 
action the force will probably not be straight and thus also result in a 
bending moment. However the tests show that the coupling is very 
strong and should have no problem negotiating these loads as well. 
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7.2 Usability 

7.2.1 Mounting, Securing and Removing the Stand 

Many of the requests for usability were fulfilled when trying to mount 
and remove the stand. No survey has been made but nine people 
without much knowledge of the stand have tested it and all found it 
to be very easy to operate. The design is also very similar to a bus 
seat undercarriage which functionality almost certainly have been 
evaluated and tested extensively. The mass of the completed stand 
became 7,5 kg, which is acceptable although a somewhat lighter 
stand would be preferred. The mounting was very easy and the 
hooks engage the floor rails with very little effort. The adjustable 
length of the locking hook gave a perfect fit and the stand could be 
secured firmly without any play. Pushing down the lever on the lock 
to secure the stand required a suitable amount of force. Clear 
feedback from both the feel from the lever, and sound when the 
release block engages ensures the user that it is seated correctly.  
 
On the other hand, removing the stand proved to be a bit more 
troublesome. First the release blocking mechanisms were rather 
sluggish to open on both locks. This prevents children from being 
able to open it, but it was a bit too hard even for an adult and when 
mounted in a minibus it sure will pose as an even bigger problem. 
Second the supporting plate prevents the lever on the locking 
mechanism from being able to rotate more than approximately 90°. 
This limits the locking hooks movement and it tends to get stuck in 
the floor rail. The middle rails ability to lift the hook as described in 
chapter 6.4 was also reduced since the vertical part of the hook was 
a bit to long resulting in play between the two. The lower horizontal 
part of the hook might also be unnecessary long. This goes for the 
forward rail as well.  
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7.2.2 Securing and Removing the CRS 

The mounting of the CRS could also be made with ease by simply 
placing it on the supporting plate and pushing it towards the Isofix 
couplings. The attachments on the CRS has indicators that change 
color from red to green, as well as a clicking sound when it attaches 
to the Isofix couplings, reassuring that it is seated correctly. Neither 
the removing of the CRS presented any problem. 
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8 Crash Testing 
After verifying the usability and the strength of the Isofix coupling the 
two stands were crash tested. Two minor errors were made in the 
manufacturing of the stands. One was that the Isofix couplings on 
one stand was given a horizontally too low angle and the other that 
all couplings were welded both at the front and rear holes (Figure 
8.1). Since the couplings already had proven their strength and that 
the errors effects on the other structure is neglect-able, they were 
however accepted.  
 

 
Figure 8.1: Errors made during the manufacturing 

8.1 The Crash Lane 

The testing was carried out at VTI’s own crash lane which is seen in 
figure 8.2. The lane is 60 meters long and is powered by an 
electrical motor with 1000 Hp. The testing procedure is that a trolley 
with the object that is to be tested is placed at the far end of the 
lane. A wire pulled by the motor then accelerates the trolley down 
the lane to the desired speed. 
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Figure 8.2: An overview of the Crash Lane 

At the end of the lane the trolley crashes into a brake. The brake is 
made of steel bars that lay across the lane and they are supported 
by vertical rolls (Figure 8.3). There are two slots available on the 
brake.  
 

 
Figure 8.3: The brake before impact 
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When the front of the trolley, called pierce, crashes into the brake 
the bars bend and roll around the rolls and absorb energy (Figure 
8.4). Alternating the dimension, number and placing of the bars 
allows you to control the deceleration and achieve the desired pulse.    

 
Figure 8.4: The brake after impact 

The crash is documented by two high speed cameras and three high 
quality digital video-cameras. 

8.2 Crash Test Dummy 

The dummy used in the test is a model of a 50th percentile three-
year-old weighing 15 kg. The dummy is a model P3 made by TNO. 
The reference system used for the dummy is that the positive X-
direction is forward, the positive Y-direction is left and the positive Z-
direction is upwards. 
 
The dummy is equipped with sensors allowing monitoring of the 
inertial accelerations in the head and in the chest. For the European 
approval test specified in ECE R44.03, only the Z-direction and 
resultant chest accelerations are limited. In the Swedish T-test the 
allowed head forces are limited as well. The goal for this project is to 
fulfill the requirements of ECE R44.03.  
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8.3   Forward Crash 

The forward crash is to simulate a direct frontal collision. The 
velocity of the trolley is 50 km/h and the stopping distance is 650 
mm. The required deceleration as a function of time for a valid test is 
given by figure 8.5, where the shaded area is the corridor in which 
the actual deceleration must be kept. 
 

 
Figure 8.5: Pulse for frontal impact (ECE R44.03). 

8.3.1 Setup 

The trolleys floor is a solid aluminum plate, on which the bus floor 
and floor rails were fastened. Four M8 8.8 steel screws are used to 
secure each floor rail. The stand and CRS were then secured as 
normal and finally the dummy was placed and secured according to 
the ECE R44.03. The setup is shown in figure 8.6.  
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Figure 8.6: The setup for the frontal impact 

Since Volvos CRS uses the backrest to prevent rotation, a tether 
was attached to the CRS’s undercarriage and then secured as 
supposed in the stands rear rail. This simulates a rearward facing 
CRS equipped with a top tether. The additional straps that can be 
seen are to limit the distance the dummy and CRS can travel if 
anything should break. These do not affect the test if it goes as 
planned.  

8.3.2 The Crash 

During the crash, the weakest point was Volvos CRS. In normal 
usage, a supporting leg (Figure 8.7) supports the CRS’s 
undercarriage and backrest.  

 
Figure 8.7: Volvo’s CRS with supporting leg 
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The leg is needed because the undercarriage of the CRS can not 
cope with the forces produced by the child and the seat. Not using 
this leg was a deliberate choice since the leg transports a lot of the 
load that is supposed to be dealt with by the stand to the floor. 
During the crash the undercarriage only deformed and all forces still 
had to be negotiated by the stand. The deformation did however 
lead to a gentler deceleration of the dummy and thus producing 
lower forces. The crash can be seen by frames in figure 8.8. The 
difference in time between two frames is 10ms.  
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Figure 8.8: The forward crash 

The only permanent deformation was that the forward rail received a 
very slight U-shape. The vertical displacement of the outer edges of 
the rail was approximately 1 mm. Neither during nor after the crash, 
could any other deformation or damage to the stand be detected. 
The deformation to the CRS had some impact and reduced the 
forces, but not to the extent that it had a major impact on the test. If 
the CRS should have held, it is still unlikely that any deformation 
should have occurred.  
 
The achieved deceleration pulse was valid and is given by figure 8.9 
together with the measured chest accelerations (Figure 8.10 and 
8.11), which also are well within the limits. The head accelerations 
and some additional chest values are presented in Appendix 4.  
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Figure 8.9: Crash pulse for the forward crash. The horizontal axis represents 

time in ms and the vertical axis represents the g-level. 

 
Figure 8.10: Chest acceleration in the Z-direction. The horizontal axis 

represents time in ms and the vertical axis represents the g-level. 

 
Figure 8.11: The resultant chest acceleration. The horizontal axis represents 

time in ms and the vertical axis represents the g-level. 
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8.4 Rearward Crash 

The rearward crash is to simulate a collision where a car is hit from 
behind or spins around before the crash. This type of collision 
generally occurs at lower relative speed. The test velocity is 
therefore 30 km/h with a stopping distance of 275 mm. The required 
deceleration as a function of time is given by figure 8.12, where the 
shaded area is the corridor in which the actual deceleration must be 
kept. 

 
Figure 8.12: Pulse for rearward impact (ECE R44.03) 
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8.4.1 Setup 

The setup was made in the same manner as for the frontal crash 
and then the floor of the trolley was just reversed. The setup is 
shown by figure 8.13. 
 

 
Figure 8.13: The setup for the rearward collision 

8.4.2 The Crash 

Two rearward crashes were conducted since the first was 
considered not to be valid. This was because the lead for the fail 
safe was too short and it might have interfered. The possible 
interference happened when the deformation was at its peak and 
the rebound just was about to begin, but it is hard even on the high 
speed film to see if it really engages. The second test showed that 
there might have been some minor interference resulting in a higher 
load. The achieved valid pulse is given by figure 8.14 and the 
resulting chest accelerations are given by figure 8.15 and figure 
8.16. The head accelerations are given in Appendix 5.  
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Figure 8.14: The crash pulse for the rearward crash. The horizontal axis 

represents time in ms and the vertical axis represents the g-level 

 
Figure 8.15: Chest acceleration in the Z direction. The horizontal axis 

represents time in ms and the vertical axis represents the g-level 

 
Figure 8.16: The resultant chest acceleration. The horizontal axis represents 

time in ms and the vertical axis represents the g-level 
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In the rearward collision the middle and rearward rail, together with 
the tether is what is being put to the test. The crash sequence is 
shown by figure 8.17. The difference in time between two frames is 
10ms. More sequences from different angles can be seen in 
Appendix 6.  
 

 
Figure 8.17: The rearward crash  
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First we can conclude that the tether does a good job in preventing 
the CRS’s ability to rotate and keeps it close to the supporting plate. 
This proves that if future Isofix systems are equipped with a tether, 
they are likely to function well with the stand. In figures 8.18 and 
8.19 you can see that the whole stand rotates around the forward 
rail and since the middle rail deforms the rear part of the stand can 
move rather extensively. At most the rear rail is approximately 10 cm 
above the simulated bus floor.  
     

 
Figure 8.18: Maximum rotation of the stand 

 
Figure 8.19: The same situation as shown in figure 8.18 seen from behind 
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The pitch is a result of that both the rear and middle rail deform and 
since the stand rotates around the forward rail, a vertical 
displacement at the middle rail allows the rearward rail to move 
approximately twice as much. The rearward rail sustained a 
permanent deformation, which is seen in figure 8.20. The vertical 
displacement in the middle of the rail was approximately 5 mm. No 
damage could be detected in the welds of the rear rail. 
 

 
Figure 8.20: Deformation of the rear rail 

Deformations to the middle rail and the locking hook can be seen in 
figure 8.21 and 8.22.  

 
Figure 8.21: Deformation of middle rail 

 
Figure 8.22: Deformation of locking hook 
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The middle rail bent the locking hooks top part but no deformation 
could be detected to the lower part that engages the floor rail. Nor 
was the threaded bar damaged. 
 
The middle rail’s outer edges received a permanent vertical 
displacement of approximately 10 mm. From analyzing the video 
sequences and comparing to the rearward rail the maximum 
displacement during the crash was about 40 mm. The welds 
however sustained no damage and no signs of breaking in the rail 
could be detected. 
 
Finally the flange on the forward rail where the locking mechanism is 
placed was bent downward about 5°. 
 
No damage or deformation could be seen on the other structure or 
the CRS. 

8.5 Sideward Crash 

The sideward test is not standardized or required for approval in any 
way, but was merely performed out of curiosity and to provide 
interesting experiences for further development. The setup is shown 
in figure 8.23. The velocity was set to 20km/h. 

 
Figure 8.23: The setup for the sideward collision 
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Since only two stands were made, an already crashed stand had to 
be used. It is hard to say how this affects the test, but regardless it 
was believed that the test would give a lot of valuable data.   

8.5.1 The Crash 

The crash sequence is given by figure 8.24. The difference in time 
between two frames is 10ms. 

 
Figure 8.24: The sideward crash 
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Some larger images of the crash when the rotation is at its peak is 
shown in figure 8.25 and 8.26 

 
Figure 8.25: Maximum rotation and deformation 

 
Figure 8.26: The same situation as shown in figure 8.25 seen from behind 
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The tubes rotate around their base making the stand deform in a 
shearing manner (Figure 8.27). The rotated angle for the left and 
right tube (seen from behind) is approximately 8° and 6° 
respectively. 
 

   
Figure 8.27: The shear deformation after the sideward collision 

However it is not the tubes that deform but it are the rails that bend. 
Close-ups are shown in figures 8.28, 8.29 and 8.30.  
   

        
Figure 8.28: Close-up of the right tube   Figure 8.29: Close-up of the left tube
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Figure 8.30: Close-up of the deformations at the base of the left pipe 

Also rather extensive deformations occur in the undercarriage of the 
CRS seen in figure 8.29. 
 

 
Figure 8.29: Close-up of the deformed CRS 
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The whole system is although kept together in an impressing 
manner and the deformations are acceptable. Noted should be that 
nor the tubes or the Isofix couplings were deformed in any way, it is 
only the rails that deform. The achieved pulse and accelerations in 
the dummy can be seen in Appendix 7.  

8.6 Conclusions 

The crash testing offers invaluable information about the structures 
strengths and weaknesses that can be used for further 
development. As a whole the stand functioned very well and in some 
cases, as for example the tubes, even too well. 

8.6.1 Main Tubes 

The tubes did not deform or break in any way in any of the crashes. 
Reasons for the absence of damage can be that the tubes are over- 
dimensioned, hardened from the bending and welding and that the 
actual loads are less than what is dimensioned for. Considerations 
will be taken to the chosen material as well as the dimensions.   

8.6.2 Isofix Couplings 

Neither of the Isofix couplings showed any signs of damage. This 
was expected since they already had proven their strength in the 
component test.  

8.6.3 Rails  

All rails deformed in at least one of the tests. The forward rail only 
deformed in the side collision and the form of the rail allowed it to 
deform in a gentle and stress reducing manner.  
 
The middle and rear rail was during the rearward crash under a lot 
of stress, which in combination with play made it possible for the 
stand to move a bit to much.  
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To reduce the rotation the middle rail and the play in the locking 
mechanism will be considered. The vertical part of the rear rail did a 
good job in stiffening it and reducing deformations. Also the tether 
proved as an excellent way to prevent the CRS to rotate.  

8.6.4 Locking Mechanism 

Both locking mechanisms met all requirements. None opened during 
the crash and they were easy to operate both before and after. The 
upper part of the locking hook was a bit bent but its function 
remained 100 %.  

8.6.5 Supporting Plate 

The supporting plate performed as desired. The large flat underside 
of the CRS distributes the load over a large area, making the contact 
with the plate very gentle. In the final design the thickness of the 
plate will be reduced. The used plate is rather thick since the desired 
bending radius of the tubes could not be made by the workshop. It 
was therefore necessary to add extra height to get the CRS to sit flat 
on the plate. A reduced height should not have an impact on 
performance.  

8.6.6  Usability 

The usability after the forward and rearward collisions was 
unchanged. Both the stand and the CRS were as easy to remove as 
before the crash and no change could be detected in the operation 
of the locking mechanisms.  
 
After the side collision the CRS was a little bit harder to remove 
although it still cannot be described as difficult. Probably the extra 
force required is a result of the damage inflicted on the CRS’s 
undercarriage. The operation of the stand was not changed. 
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9 Final Design 
Based on the crash testing and production aspects, the prototype 
was modified. The final design has not yet been manufactured and 
tested, but exists only as a virtual model. However the model has 
been drafted and specified making it easy for any interested party to 
manufacture it. The stands technical drawings are found in Appendix 
8. The final design (Figure 9.1 and 9.2) is a lot smaller and lighter 
than the prototype. The total mass is approximately 5 kg, which is a 
decrease with about 30 %.  

 
Figure 9.1: The final design, front view 

 

Figure 9.2: The final design, rear view 
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9.1 Main Tube 

The tube proved to be stronger than required and its dimensions 
were therefore reduced. Only the thickness was reduced since a 
reduction in diameter might lead to a weak appearance and the user 
might question its strength. The thickness was reduced from 2 mm 
to 1,25 mm based on FEM calculations and discussions with the 
experienced workshop and crash lane personnel. The tube was also 
shortened. The preliminary design was based on the envelope 
described in chapter 4.6.1. It is however most unlikely that any 
future CRS will be that large. The size of Volvo’s CRS is considered 
rather normal and future CRS will probably be of approximately the 
same size. The stand was therefore shortened 20 cm.  
 
The shortening reduces the distance between the middle rail and 
rearward rail by 59 %. This means that the vertical displacement of 
the rearward rail during a rear impact will theoretically decrease by 
35 %. The actual decrease will probably be even greater since the 
load on the middle rail, as a result of the lever effect, will decrease 
by 33 %. The last modification was to modify the stiffener tube in the 
forward part to get the force to go more directly into the forward rail, 
and not load the tube behind the rail. The stiffeners thickness is kept 
at 2 mm. The modifications led to a much desired weight loss and 
the mass of the main tubes was reduced by 1,8kg, representing a 48 
% decrease. The final tube is given by figure 9.3.  
 

 
Figure 9.3: The final design of the main tube  
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9.2 Isofix Couplings 

Although the design of the Isofix couplings is rather simple they are 
very strong. The only adjustment made was to decrease the 
thickness of the tube to 3 mm. To improve the looks the tubes outer 
ends are covered with plastic caps.  

9.3 Rails 

The forward rail was simplified in order to lower production costs 
(Figure 9.4). The adjustments should have no impact on 
performance in the forward or rearward collisions. During a side 
impact it should be stiffer. The level of play is also reduced and the 
lower part of the hook is reduced to simplify the detaching of the 
stand. Note that since the dimensions of the floor rails depend on 
the size of the vehicle, the hooks should be altered to fit different 
rails.    

 
Figure 9.4: The final design of the forward rail 

Since the shortened stand decreases the loads on the middle rail 
there is no need for reinforcements to reduce the rotation. The 
middle rail therefore remains unchanged. From a production point of 
view it is desirable to simplify the rear rail, making it similar to the 
middle rail. On the other hand the vertical part of the rail plays an 
important role in reducing deformations both vertically, but maybe 
more importantly, to prevent the tubes from moving inwards by the 
pulling forces produced by the middle rail. The rail is therefore kept 
unchanged. 
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9.4 Supporting Plate 

The plate used for the prototype was adjusted to the other structure 
and made to allow the CRS to sit flat. The shortening of the stand 
give that the plate is elevated and the previous middle layer of XPS 
becomes unnecessary. The final plate is instead based on a two-
layer concept with a 12 mm birch plywood plate at the bottom, and 
on top a 12 mm thick layer of cross-linked, closed cell polyethylene 
foam. A recommended foam of this kind is FAWolon™ which is 
produced by Fagerdala World Foams. A suitable density for the 
foam is 40 kg/m3 or above. To increase the life of the plate the 
underside of the plywood should have a protecting layer that is 
resistant to moist and wear.  
 
The preferred way to attach the plate is probably by rivets and/or 
high strength glue. To make the stand look like a natural part of the 
interior the plate can be covered by the same fabric as the seats, or 
to make it more resistant to dirt, a stronger and easier to clean type 
of cover.  Since the stand is shortened so is also the plate. The front 
of the plate has been modified to allow the lever on the locking 
mechanism to move unobstructed. The plate is shown in figure 9.5. 
 

 
 

Figure 9.5: The final design of the supporting plate 
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9.5 Locking Mechanism 

Of the two tested mechanisms the one showed in figure 9.6 was 
chosen. It is smaller and easier to operate than the other. It is also 
the one currently used by Karrosseriverken AB which means that 
some users will be familiar with the lock.  

 
Figure 9.6: The preferred locking mechanism (Without the hook) 

There is likely that there are better mechanisms available, but this 
lock works very well and therefore no further research was made. 
The lock is called Exenterlås nr 138 and is manufactured by Beslag 
& Metall AB.  
 
The locking hook also functioned very well and there is no reason to 
reconsider the concept. A threaded M6 bar proved to be sufficient 
and is therefore used. The vertical part of the hook was modified to 
decrease the play and the lower part of the hook was reduced to 
increase usability.     
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10 Costs 
No matter how useful or excellent a design is it will not be made or 
used if the costs are too high. Calculations and estimations of costs 
have been somewhat neglected during the project due to that is it 
not the author’s area of expertise and would therefore be very time 
consuming. The economical aspects have still played one of the top 
roles in the project although it has not been presented in figures. 
Every part has been designed to be as easy as possible to 
manufacture without loosing too much functionality. Only ordinary 
materials have been used and if possible also standard 
components. Another considered factor is that the tolerances in the 
drawings have not been set tighter than they have to be. The 
manufacturing does not require any advanced machinery.  
 
The material costs are based on the assumption that 500 stands are 
manufactured. The price information was provided by Tibnor AB. 
 
Production costs are very hard to predict at this stage. The stand is 
a bit more complicated than a bus seat undercarriage and it will be 
made in smaller series. The manufacturing cost has therefore been 
set to approximately twice as much as a bus seat undercarriage.  

10.1 Material costs 

The following material is required to make one stand: 
Material Mass (kg) Price (SEK) 
2,3 m of Ø25x1,25 mm steel tube 1,7 46 
0,3 m of Ø25x2 mm steel tube 0,35 9 
0,1 m of Ø25x3 mm steel tube 0,175 4 
0,35 m of Ø6 mm steel bar 0,08 1 
0,2 m of M6 treaded bar 0,04 0,5 
0,04 m2 of 3 mm steel sheet metal 0,95 6 
0,32 m of 40x3 mm steel plate 0,3 3,5 
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0,14 m2 of birch plywood 1 28 
0,14 m2 of polyethylene foam 0,05 11 

 

10.2 Production costs 

Price per stand (SEK) 2000 

10.3 Total costs 

Event Price (SEK) 
Material costs 155 
Production costs 2000 

Price per stand 2155 

 

0,16 m2 of fabric  0,5 16 
1 locking mechanism 0,25 30 

Sum 4,95 155 
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11 Conclusions 
The goal of this project was to develop a stand that allowed quick 
and easy installment of a rearward facing CRS and that fulfilled the 
other requirements in the Product Specification. In Appendix 2 the 
list is presented with indications of which that have been achieved. 
One can quickly see that almost every requirement have been met, 
showing that this concept is indeed a passable road for solving the 
problem.  

11.1 Considerations 

Although the crash tests showed that the stand work well and is 
easy to use, there are some things that endanger a future usage.  
 
Most importantly the costs are rather high. The stand itself was 
estimated to approximately 2155 SEK and a CRS costs between 
2000 and 3000 SEK. To put it into perspective, a bus seat with 
undercarriage costs approximately 2000 - 3000 SEK. Still some 
communities in Sweden have decided that their day care transports 
shall be as safe as possible. Having this system available then can 
be a sales argument for the bus interior manufacturer. 
 
Another factor is that some people are unaware of the risks and 
what forces are produced in a crash. If parents and other involved 
personnel were given more information on the risks and what 
injuries their children could sustain, maybe there would be a greater 
demand for a higher level of safety in public transports.  
 
Finally it should be noted that this system is not yet functional in 
practice, since there are not yet any available Isofix CRS’s with an 
appropriate tether. Therefore it is impossible to give the stand a 
formal approval. The solution used to secure Volvo’s CRS was only 
made to be able to test the stand, and must not be used for other 
reasons than testing. The lack of available Isofix CRS is probably a 
result of that the standard has just been completed.  
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Therefore the car manufacturers have not yet been able to 
incorporate the system in their cars. In the near future the Isofix 
system will hopefully be available in most cars, or at least come as 
an option. Then we will most certainly see many new Isofix CRS’s 
appear on the market, where some will be appropriate to use 
together with the stand. A likely scenario is that some appropriate 
CRS’s will be tested and recommended to use with the stand. The 
stand will at least not in its present shape be able to function with a 
general Isofix CRS. 
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12 Recommendations 
The first recommendation is to manufacture and test the final design 
to see what effect the adjustments have on performance. If the 
function is adequate, suitable CRS’s should be recommended and 
tested together with the stand to receive a complete functional and 
approved system. 
 
The system should also be tested and reviewed by the end user. 
The lack of end user involvement is indeed a shortcoming in this 
project and their opinion should be considered and evaluated.  
 
To ensure correct usage of the stand it should be fitted with clear 
instructions, preferably placed on the supporting plate. The 
instructions should be made very clear and easy to follow. The 
instructions should then be tested in a survey to see how great the 
risk for incorrect installment is. It will also show how user friendly the 
stand is.   
 
Although efforts really have been made to consider the stand from 
other aspects than pure design, the function still has been top 
priority. Working basically alone as a designer is not a favorable 
situation, and it is easy to neglect aspects not belonging to your area 
of expertise. It is therefore recommended that the structure is 
reviewed by other people with different areas of expertise such as 
materials, solid mechanics, cognitive science, styling and 
production.  
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Appendix 1 (In Swedish) 

Specifikation för examensarbete 20p 
Bakgrund 
 
Användningen av bakåtvända bilbarnstolar i minibussar åtföljs idag av en rad 
olika sorters problem. Problemet gäller främst yrkestransporter som 
dagistransport eller taxi där barnstolar monteras och demonteras ofta.  
 
Monteringen av en barnstol är ett krångligt moment beroende på att 
fästpunkterna ofta sitter lite undangömda, samt att utrymmet i en minibuss är 
mindre än i en personbil. Detta ger förutom en känsla av obehag även en risk 
för felmontering. Ska flera stolar monteras, som vid t.ex. dagistransporter, blir 
problemet än mer påtagligt. Svårigheter med att demontera barnstolen försvårar 
även en snabb evakuering om t.ex. en olycka vore framme. Metoder för enklare 
montering/demontering finns i nya system som t.ex. ISOFIX, men det löser bara 
delar av problemet. Möjligheten att välja vilken plats i bilen barnstolen ska 
monteras på är också ofta begränsad. Vidare när den väl är monterad tar den 
upp mycket plats och försvårar rörligheten i bilen. 
 
Andra problem som inte är relaterade till monteringen är att eftersom barn har 
en viss tendens till att bli "lite smutsiga" är det lätt hänt att sätet smutsas ned 
under färden.  

Syfte 

Syftet med projektet är att ta fram en bättre lösning för att fästa bilbarnstolar i 
småbussar. Minibussarna har i regel fästkoppar eller skenor i golvet som 
används för att fästa sätena. Tanken är att utnyttja dessa fästen/skenor och 
utveckla ett litet stativ/sockel som ersätter sätet och möjliggör en enkel 
montering av Volvos ISOFIX- stativ. Monteringen och demonteringen kan 
därigenom bli mycket enkel och snabb och risken för felmontage kan 
minimeras. Dessutom får man större möjlighet att bestämma vart i bilen 
barnstolen ska monteras samt att man eventuellt kan få möjligheten att montera 
fler barnstolar än det normalt sett finns säten.  
 
Genom att ordinarie säte tas bort får man större utrymme i bilen och problemet 
med nedsmutsade säten försvinner. Möjligheten att pyssla om barnet kan även 
tänkas öka eftersom sikten bakåt eventuellt kan göras fri.  
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Stativets huvuduppgift, förutom att underlätta montering/ demontering, är dock 
att medge att barnstolen uppfyller kraven för krocksäkerhet även med den nya 
monteringen. Stativet får deformeras men barnstolen ska hållas kvar och 
fortfarande vara enkel att evakuera, samt att inga lösa delar får bildas. 
 
Sammanfattningsvis kommer projektet omfatta: 
 
Undersökning av situationen beträffande fästkopparnas/skenornas dimensioner, 
geometri och hållfasthet. 
Generering av ett antal koncept på stativ 
Tillverkning av lämpligt antal olika stativ 
Krocktestning och utvärdering av prototyper 
 
Uppgiften utföres på uppdrag av: 
 
Statens väg- och transportforskningsinstitut 
Krocksäkerhetsenheten 
581 95 Linköping 
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Appendix 2 

Product Specification 
 
Requirement\Request accomplished = No indication 
Requirement\Request NOT accomplished = Filled box 
Requirement\Request not evaluated = Bright text 
         
Product Specification Requirement 

or Request 
    
Function   

The stand shall hold a rearward-facing child restraint system 
(CRS) fitted with ISOFIX attachments 

Requirement 

The stand shall be quick and easy to install/remove correctly 
with a minimum of instructions (sticker etc.) 

Requirement 

    

Function determining properties   

The stand shall not impair the CRS by means of fulfilling the 
criterion given by ECE R44.03 (using procedure defined in 
§7.1.4.1.2.3) 

Requirement 

The stand shall allow attachment of any CRS with dimension 
less or equal to the child restraint fixture (CRF) defined in ISO 
13216-1 

Requirement 

The stand and/or the CRS shall be detachable after a crash Requirement 

The stand shall fulfill the static strength requirements defined 
in ISO 13216-1 §4.2  

Requirement 

The stand shall not weigh more than 5 kg Requirement 

The stand must not interfere with the seats or other structure Requirement 

It shall be impossible to only partially anchor the stand to the 
floor 

Requirement 
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The installation/removal of the stand shall not require any tools  Requirement 

The stand shall fulfill the crash test requirements defined in 
ECE R17 § 6.3, annex 7 
 

Requirement 

 
When the stand(s) are installed the person in charge shall 
easily be able to verify that all stands are properly anchored to 
the floor and that the children are securely fastened 

Request 

It shall be possible to make the stand smaller when it is not 
mounted 

Request 

    
Properties of operation    

The stand shall fulfill the crash test and mount/detach 
requirements in temperatures from -25°C to +60°C 

Requirement 

The stand shall be designed for easy and frequent cleaning or 
washing 

Requirement 

Properties for manufacturing   

Not yet determined   

    

Properties for distribution   

Not yet determined   

    

Properties for delivery and planning   

Not yet determined   

    

Properties of safety   

The stand shall not emit any debris or loose parts during a 
crash test 

Requirement 

The stand shall not under any circumstances (i.e. before, 
under or after a crash) endanger the function of the CRS 

Requirement 
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The stand shall not under any circumstances endanger other 
occupants of the vehicle  

Requirement 

It must not be possible for a child/children to release the stand 
or the CRS, neither on their own or their neighbors seat. 

Requirement 

 
 
Ergonomic properties 

  

The installation/removal of the stand shall require no above 
normal strength 

Requirement 

A correct installation of the stand shall result in some sort of 
feedback (audio, visual indication) that ensures that it is 
properly anchored 

Requirement 

The stand shall not cause the child or other occupants 
discomfort during travel (vibrations, noise etc.) 

Requirement 

The installation of the stand or the CRS should not require any 
discomforting or dangerous positioning of the body 

Request 

    
Legal properties   

The stand shall allow the CRS to fulfill ECE R44.03)  Requirement 

    

Economic properties   

Not yet determined   

    

Properties for discarding and recycling   

The stand shall be completely recyclable Requirement 

    

Ecological properties   

The stand shall not contain any poisonous or for the 
environment dangerous parts or materials  

Requirement 
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Appendix 3 

Function/Means-tree  
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Appendix 4 

Forward Crash Accelerations  
(Horizontal axis= ms, Vertical axis= g-level) 
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(Horizontal axis= ms, Vertical axis= g-level) 
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Appendix 5  

Rearward Crash Image Sequence  
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Rearward Crash Accelerations  
(Horizontal axis= ms, Vertical axis= g-level) 
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(Horizontal axis= ms, Vertical axis= g-level) 
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Appendix 6  

Sideward Crash Image Sequence 
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Sideward Crash Accelerations  
(Horizontal axis= ms, Vertical axis= g-level) 
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(Horizontal axis= ms, Vertical axis= g-level) 
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(Horizontal axis= ms, Vertical axis= g-level) 
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Appendix 7 

Floor Rail Dimensions 

 
Figure A7.1: The rail used by Karosseriverken AB in their Class M1 vehicles 

 
Figure A7.2: The rails important dimensions 
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Technical Drawings of the Stand 
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