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Abstract 
 
The following thesis project has been done in direct collaboration with 
Autokaross i Floby AB Rescue Vehicle Department, in Sweden.  The report 
contains the design development of a protective cover against weather 
conditions for the extendable ladder in a fire vehicle.  
 
The aim of the report has been to develop a functional and low cost solution 
cover for the FEL on a fire truck, which is allocated on the roof, with the express 
intention of providing adequate access and protection against weather 
conditions in Nordic countries, so as to prevent premature deterioration of the 
FEL unit. The company has set the technical and conceptual boundaries, with the 
help of the two previous concepts currently used, the BMC and the ACP.  
 
The initial requirements laid out by the company were expressed through a 
number of specific demands which can be categorized in two main points: 
 

- Cost: Designing a solution keeping in mind cost limits, assembly cost and 
time, and space optimization. This was done by taking into account the 
two existing solutions, particularly the BMC, which represents the lowest, 
cost wise and function wise. Therefore it was used as the basis on which 
to apply improvements, rather than trying to lower the high cost on the 
overqualified function of the ACP. 
  

- Function: Providing the adequate protection and access to the FEL. In this 
case, the problem was solved by establishing the correct degree of 
protection relevant to the Nordic weather conditions and FEL needs, and 
regarding the access, this was assured by fully automating the 
opening/closing process with the existing extraction operating system of 
the FEL. 
 

 
The result of this report is a concept solution which meets the company’s 
demands, obtained by creative detailing, together with an analysis regarding 
possible considerations that could improve the creative detailing result in this 
report in the form of future work.   
 
The report documents the process that has taken place in exploration, concept 
generation, concept evaluation, concept selection, and detailed CAD 
development. Each section shows the requirements and adjustments taken to 
fulfil the company’s needs.    
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1 Introduction  
Fire vehicles always aim to optimize the use of space to carry as much equipment 
and water as possible. Most of the equipment tends to be of rare use but needs to 
be in optimal condition to be available at any moment, therefore it has to be 
protected from the environment to avoid premature deterioration. Fire vehicles 
are, though focusing to solve general problems, mainly produced by individual 
standards throughout each country as a result of weather conditions, types of 
terrain and general needs. The main focus of this investigation is to optimize the 
solution applied on the Extendable Ladders placed on top of the Fire Vehicles in 
Sweden. This analysis is aimed specifically at the needs of Autokaross i Floby AB. 
The company’s main concern is to offer a high quality solution at low cost to 
satisfy customer needs.  

1.1 Background 
For the development of this report it was essential the collaboration with 
Autokaross i Floby. The company has a very integrated commercial reach within 
Scandinavia and is looking forward to thrive in the market. They have high 
expertise and background in the adaptation of vehicles into specific use that 
include Light Commercial Vehicles and Fire Vehicles.  

1.1.1 Autokaross i Floby 
The company “develops, manufactures and sells system solutions for light 
vehicles. These solutions cover everything from flatbed and van bodies (drop 
side, box, etc.) to taxis/MPVs, vehicle accessories and vehicles for the fire 
services” (Autokaross i Floby, 2016). It is a Swedish Company based in Floby, 
Skaraborg that started 90 years ago. The company nowadays is the lead supplier 
of light commercial vehicle adaptations for different uses in the Nordic market 
such as, delivery, rescue services, construction, etc. Floby serves as the home to 
their sales, administration, production and product development operations. 
Assembly and service can be given to all their products as a result of having their 
own spare part and component warehouse. They also have branches in 
Södertälje, Gothenburg and Vellinge which offer sales, assembly and servicing of 
their product programs. All their products are met by the environmental and 
quality certification (ISO 14001: 2004 and ISO 9001: 2008, respectively). This 
report focuses on the fire services provided by the subsidiary Autokaross Rescue 
Systems i Floby AB, which specializes in the adaptation of lorries into fire trucks.  
 
Today the assembly of the fire trucks starts with an empty cabin connected to a 
clean rear lorry structure. The lorries used are: 4x2 transmission, 4x4 or 6x6 (for 
special military fire extinguishing purposes), and the preferred brands for the 
lorries used are SCANIA and VOLVO. This company has found a better way of 
assembling fire trucks by putting fire pumps in the middle of the cabin, which is 
the main difference between these fire trucks and the competitors’, providing 
more usable water storage space in the rear cage. The water pump does not use 
cabin space, neither do the water deposit and pipes. The fire truck rear cage is 
built over one basic superstructure or frame and it is adjusted to any client’s 
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necessity. The project is mainly based in this rear cage and to be more specific, 
the roof.  
 
The support frame for the rear cage is made of standardized steel with screwed 
aluminium profiles. The aluminium sheets used for both interior and exterior 
laminating are salt and water resistant. The company’s main focus is cost 
reduction because their production quota is acquired by tenders. They have a 
wide range of suppliers which provides them with a flexible production cost that 
include suppliers as SAPA for the aluminium profiles; such profiles are specially 
made for Autokaross. All of the specific fire rescue modifications done to the 
lorries, which convert them into a fire truck, have a 20 year warranty. 
 
Since the first contact made with the company, it was clear that the problem in 
hand was developing a new cover for a ladder located on the upper part of the 
fire truck with its access at the rear, 2.5m from the ground. The main concern is 
to keep the operating system of the ladder as it is, while developing a cover 
which is cost efficient and easy to use.  

1.1.2 Applied covers 
The roof of the Autokaross i Floby AB fire truck rear cage holds two types of 
ladders, Fixed Extendable Ladder (FEL) and a smaller Transportable Extendable 
Ladder (TEL), and a small rescue boat. This project is focused on developing a 
cover only for the FEL. Nowadays the company has two existing cover solutions 
that are referred to as the Box Manual Cover (BMC) and the Automatic Cover 
Panel (ACP). 
 

 

Figure 1.1 TEL and FEL respectively 

 
The ladders can be operated automatically or manually and half of their 
production comes with automatic ladders. The FEL ladder, as mentioned before, 
is situated on top of the rear cage which is 2500 mm from the ground.  
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- BMC: The first existing solution provides sufficient protection to the FEL at 
a desired cost, but it needs to be manually manipulated creating a reach 
range problem.  

- ACP: The other solution is extremely easy to use by remote control, 
provides an over qualified protection level to the FEL of 6 IP (Dust tight, no 
ingress of dust (Approved American National Standard , 2004) see table 
1.1), and comes at a very high production cost.  

 
Table 1.1 Degree of Protection (IP Index) 

 

 
Both of these solutions, as well as some competitors’ solutions, will be further 
explained in chapter 2. Pre-Study.  

1.2 Problem, aim & objectives  
This chapter defines the main problem, the general aim and the specific 
objectives of the project.  

1.2.1 Problem  
The problem in hand is to design an easy-to-use cover for the FEL that protects 
the unit from the diverse local climate present primarily in Sweden and Norway, 
at a low cost. In solving this problem, the two existing solutions will be taken into 
account in order to set the boundaries from which a final solution will be 
obtained. The two main parameters defined by the previous solutions are cost 
and functionality.  
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1.2.2 Aim 
The main aim is to come up with a functional and low cost solution for the 
protection of the FEL of a fire truck. The functionality resides on the solution 
being accessible 2.5m from the floor and that it provides sufficient protection 
from the weather and external conditions of the environment.   

1.2.3 Objectives 

 Protect/isolate the FEL from Nordic weather conditions. 
 Make the solution accessible to users; consider reach range, safety, 

endurance, and simplicity.  
 Design solution keeping in mind cost limit, assembly time, and space 

optimization. 
 Consider aesthetical attributes.  
 Check to see how it can be adapted to the assembly manufacturing 

process.  
 Make an estimate of the total cost.  

1.2.4 Fixed Extendable Ladder Description (FEL) 
As explained before, this project is based on the cover for the FEL from WIBE 
Ladders (WIBE Ladders, 2016). The FEL is the largest ladder that can be located 
in any part of the rooftop, see figure 1.1. Its dimensions are H479xW851xL4793 
mm. When in use, the FEL is H4425xL2249mm, see figure 1.3. The FEL has an 
electric pump that pushes the carrier to the edge of the truck and a Pneumatic 
Pump that controls the rotation of the carrier by resistance to set the ladder in 
position smoothly, see figures 1.3 and 1.4.  

 

Figure 1.2 FEL dimensions in use 

 

 

Figure 1.3 Electric Pump attached to the carrier
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Figure 1.4 FEL Electric Pump diagram 

During the project the characteristics of the FEL have to be kept in mind in order 
to have the best cover solution possible. It is important to consider the force 
output given, and energy used, by the electric pump.  By doing this the cover 
solution could benefit in using this system to automatize the opening/closing 
process, rather than including an additional system which could increase the 
overall cost and maintenance. 

1.3 Methodology 
For the development of this project the process suggested by Cross (2008) is 
followed. The general structure of the project is in four steps: Exploring, 
Generating, Evaluating, and Communicating, see figure 1.6 for Design Methods 
Flow Chart. In the Exploration Phase the design methods selected were: 
Benchmarking, Design Intent Statement (Curedale, 2013), and Product 
Specifications (Ulrich & Eppinger, 2008). These methodologies were used to 
identify the working boundaries (concepts and criteria), but at this stage the 
exploration needed additional delimitations which led to add a fourth design 
methodology: Objectives Tree (Cross, 2008). Constant communication was 
maintained throughout this stage to ensure the level of satisfaction regarding the 
project. For the Generation Phase the Design Methodologies selected were: Lotus 
Blossom (Curedale, 2013), C- Box (Curedale, 2013), Sketching, and Low Fidelity 
Prototyping (Curedale, 2013). After generating ideas, both in 2D and 3D, these 
were evaluated using External Decision (Ulrich & Eppinger, 2008) and Concept 
Scoring Matrix (Ulrich & Eppinger, 2008). During the development of the project 
Generation Phase and Evaluation Phase were looped, which resulted in more 
detailed solutions. The Design Methods, Sketching, Concept Scoring Matrix, in 
addition to Movement Schematics, Videos, and other resources, were used several 
times in order to find the best possible solution. The Communication Phase 
consisted in the 3D Modelling of the final Design Proposal using Inventor 2015 
and the renderings in Keyshot 6. The final idea was handed to the company with 
the corresponding function schematics, results, and other information they felt 
necessary in order to implement the solution.  
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Figure 1.5 Flow Chart 

1.4 Purpose of the work  
The main purpose is to develop a Bachelor Degree Project for Product Design 
Engineering in a real work environment with real targets. The project aims to 
ensure that students apply the acquired knowledge at university in a real 
demand work environment whilst working in a team.  
 
The main work described in this report is the proposal development made 
through academic background combined with real industrial solving problem 
techniques.  
 
This project will not meddle with the existing FEL system used by the company. 
Its only approach is towards its cover and the handling of such. Nevertheless, the 
result will be intertwined with the existing system to optimize the function as 
efficiently as possible.  
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2 Pre-study 
This chapter contains information regarding pre-existing solutions within the 
company, their competitors’, and objects that operate in similar environments. 
This analysis includes the mechanisms, materials, and operating techniques used 
in each case and their possible potential. The aim of the chapter is to know what 
options already exist and what the possible combinations are in order to widen 
the possibilities to a new and better solution.  

2.1 Box Manual Cover (BMC) 
The BMC consists in an aluminium box covering the FEL. It is manually operated 
through a lever and it is opened by aid of the existing FEL mechanism, see 
explanation in Chapter 1. As seen in figure 2.1, the box has a break close to the 
end; this cover bends and allows the ladder to slide out. While this is a low cost 
solution and serves its purpose, when opened, the BMC adds 1 meter to the 
current 4.4m of use of the FEL, see figure 2.1. In addition to this downside, 
according to the interview carried out in Autokaross i Floby, the BMC is difficult 
to manipulate from the ground. The BMC handle is placed 2.5m from the ground 
which makes it difficult to operate. For more illustrations see Appendix A.  
 

 

Figure 2.1 BMC in use 

 

The BMC is manufactured with bended texturized aluminium sheets. When using 
the BMC the user has to manipulate the handle to open the lid located at the rear 
of the truck, causing a range problem. Once the lid is opened, the Electric 
Mechanism is activated through a remote control and the carrier holding the FEL 
is pushed to the edge of the truck. The carrier starts rotating, once it reaches the 
middle tilting point, and the rotation movement is control by a Pneumatic Pump 
to leave it at an angle of 60° so the firemen can dismount the FEL and use it. The 
rotation pushes the BMC open and lets it rest on top of the rotated carrier, see 
figure 2.1. The cost for this solution is 8050 SEK. A variation of this mechanism is 
to manually pull the carrier with a Pulley Mechanism instead of an Electric 
Pump. The main contribution of this system is its simplicity towards the 
mechanism used, low number of parts (7 aluminium panels + 3 access aiding 
components) and low production cost.  
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2.2 Automatic Cover Panel (ACP) 
The ACP consists on a panel that covers the whole rooftop of the fire vehicle, see 
figure 2, which is automatically operated through a remote control. The panel 
has a break in the middle of its length, so the cover folds in half moving the brake 
upwards. This is a totally hermetic solution which proves to be overqualified for 
use in Scandinavia, with a high production cost (super passing the 8000SEK) and 
an estimate installation time of 15 hours (due to its 25+ number of components  
and opening system complexity). The two main components that elevate the cost 
are the materials used, Honeycomb and fiberglass, and the motor that operates 
the opening system.  
 

 

Figure 2.2 ACP in use 

When activated, the panel folds in three points allowing it to bend in half and 
slide from the back to the front of the vehicle. Once opened the user has access to 
the FEL, TEL and Rescue Boat. To access the FEL, the carrier is pushed and 
rotated by an Electric Pump and a Pneumatic Pump as well. For more 
illustrations see Appendix B. An important consideration is the fully automated 
opening process which represents an outstanding attribute towards the access 
to the FEL.    

2.3 Benchmarking  
The biggest competitor is Sala Brand (Swedish) followed by Ziegler (German) 
and Generic Cover Ladder (USA).  The last two do not follow the same 
specifications as the Swedish solutions do due to the fact that these countries do 
not have the same necessities regarding the weather conditions and ISO 
regulations.  

2.3.1 Sala Brand Solution 
Sala Brand has System Sala which consists in 13 categories which include: Body 
Sala-CL, Remote operation of the roof equipment, Automatic safety railing on the 
roof, Automatic pressure maintenance, Double hose reels to high pressure, and 
others. The fire vehicles are made entirely of corrosion-resistant material that 
include aluminium, stainless steel, and plastic. According to their site the 
vehicles have a low centre of gravity and sufficient weight suitable for the best 
driving. This project is interested in analysing the Remote Operation of the roof 
equipment and the Automatic safety railing on the roof (Sala Brand, 2016). 
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2.3.1.1 Remote Operation of the roof equipment 
On the roof there are three different boxes that contain the FEL, the TEL and the 
small rescue boat, see figure 2.4. The roof-mounted equipment is weatherproof 
and it is placed under an antiskid and walking roof. There are no specifications 
regarding what weather conditions it is resistant to, but for this project purposes 
it is assumed that the following are covered: snow, hail, ice, rain, fire, salt 
corrosion, and organic debris. They have similarities with the Fire Vehicles of 
Autokaross i Floby. As seen in figure 2.3, Sala Brand covers the three elements in 
aluminium boxes which can be remotely controlled via the display in the back 
cabinet. The FEL is located in the middle and has a system similar to the BMC 
previously explained.  
 

 

Figure 2.3 Cover for FEL in operation 

  

 

Figure 2.4 Covers in the rooftop for FEL, TEL, and small rescue boat 
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2.3.1.2 Automatic safety railing on the roof 
The rooftop also has a safety railing which once deployed blocks the covers from 
opening, see figure 2.5.  
 

 

Figure 2.5 Safety Railing in System Sala 

Overall the Sala System offers a highly compactable solution with high 
aesthetical contributions that could be translated to the final solution.  

2.3.2 Generic Cover Ladder 
In this case the cover offers cushioning protection and visual aid to the end part 
of the ladder that faces the back of the carrying fire rescue vehicle. These ladders 
are usually allocated on the side of the fire truck. The main protection in this case 
would be the sliding joints and bracings that make it possible for the ladder to 
extend itself. Impact protection on these parts and components of the ladder is 
crucial to insure its proper function. Visual aid is offered due to the positioning of 
the ladder, which sticks out slightly from the overall body work of the fire truck. 
 
This cover is made of a high density foam material, which is coated by a 
waterproof and heat resistance material. Bright colours are used such as yellow 
identified as an emergency colour coding, together with light reflecting signs to 
ensure adequate visualization while moving and working in poor light 
conditions. 
 
In the USA fire vehicles’ the ladders are allocated on the side and therefore are 
not affected as severely by the weather conditions during transportation thus it 
is assumed that the ladders do not need the same protection, although the actual 
reason for the shape and dimensions for the cover is unknown. The ladder in 
USA trucks is situated at the side of the Fire Vehicle and the cover is primarily 
used for safety reasons, see figure 2.6.  
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Figure 2.6 Generic cover solution in USA 

2.3.3 German Stretched Aluminium Roof Box, Ziegler 
This third cover is not a solution specifically for the FEL but for non-specific 
problems, and it consists of a hollow stretched aluminium box with a gas spring-
driven lid, see figure 2.7. The dimensions of the boxes are specified by customer 
needs, so it can be used as a ladder cover, or casing, if the user has that specific 
need.  
 

 

Figure 2.7 Ziegler Stretched Aluminium Roof Box 

 
 
This cover is designed to be installed on the fire rescue vehicle roof.  
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2.4 Homologue Covering Solutions  
There are a number of objects with similar necessities as the FEL regarding 
protection from the environment and external weather factors in an elevated 
height. The report analyses these homologues which include: fire extinguisher 
cabinets, rescue raft casings, rooftop cargo carriers, and convertible car rooftop. 
These covers were chosen because they share some isolating characteristics 
needed for this project.    

2.4.1 Fire extinguisher cabinet 
This type of cover offers a practical feature of 180° visibility of the fire 
extinguisher. It can incorporate different kinds of access doors such as one side 
hinge door, revolving turntable door or a breakable tempered glass cover.  This 
cover solution combines functional protection, access, viewing, and aesthetic 
considerations with the functional purpose of the extinguisher. In open public 
spaces, extinguishers need also to solve a misuse factor. Cabinets have a glass 
that must be broken to access the extinguisher. When broken, if a fire is not 
present, it emits an alarm siren that cannot be shut off without a key so as to 
alert people that it has been handled by an unauthorized person. This also alerts 
maintenance to check an extinguisher for usage so that it may be replaced if it 
has been used. 

 

Figure 2.8 Fire extinguisher cabinet 

As seen in figure 2.8 the cabinet is built by a box with a lid attached by hinges. 
The mechanism for opening it is manual. The box covers the extinguisher from 
weather factors and external prejudicial agents. It also serves as an anti-
vandalize protection for the reasons explained before (EXCAB Inc., 2016). 

2.4.2 Rescue Raft Casing  
This variation of cover is intended to be durable and easy to handle. It consists of 
a barrel made out of fiberglass with ribbed designs to add stability, see figure 2.9. 
It is approved to withstand a drop of up to 36 meters, some are even approved 
for heights of 55 meters. The special shell, in this case with an overlap design by 
VIKING, gives a secure watertight fit to protect against the environment 
elements. 
 
This kind of rim makes a solid easy grip for faster and easier handling - even in 
wet and slippery conditions. The overlap design is easy to open and re-seal 
during servicing. 
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These containers are usually manufactured by each company to their own 
requirements and deployment systems. Ongoing research and development over 
45 years ensures that the containers that are used in VIKING today are among 
the best on the market (VIKING, 2016).  

 

Figure 2.9 VIKING rescue raft casing  

The case opens by pulling the activation lever, (which can be done by a person or 
by the Hydrostatic Release System which triggers automatically when the ship 
sinks with the case still attached to it), followed by the deployment and inflation 
the rescue raft. Once opened, it is up to the company to repackage the raft and 
close the case for further use.  

2.4.3 Rooftop cargo carrier 
This item was developed to maximize the usage of the car space by taking as 
much of the heavy luggage outside the cabin area and allocating it on the exterior 
on top of the roof. This demands a certain isolation capacity from the item itself, 
so as to not expose the cargo to unnecessary damage caused by the environment 
outside the car cabin space. The access to the inside of these carrier is usually 
done from one of the sides of the vehicle (height range from 1500 to 2500mm).  
 

 

Figure 2.10 THULE rooftop cargo carrier 
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In this specific cargo carrier the mechanisms works with two side levers that 
hold the lid in position, see figure 10. They serve as the rotation axis to open the 
lid to one side so as to give better access to the contents (THULE, 2016). 

2.4.4 Convertible Car Rooftop 
A convertible vehicle includes:  

“A roof which is movable between a closed position, in which the 
roof covers an interior vehicle space, and an open position, in 

which the roof is deposited in a storage compartment behind the 
passenger compartment of the vehicle, that is covered by a rear 
lid, an operating mechanism for opening and closing the rear lid 

is provided which includes front and rear pivot arms pivotally 
mounted to the vehicle body, a coupling arm pivotally connected 

to the pivot arms and first and second links, each of which has one 
end pivotally connected to the rear lid and the first link is 

pivotally connected with its other end to the coupling arm while 
the second link forms an extension of the rear pivot arm.” (US 

Patent No. US 6578899 B2, 2003) 

 
This mechanism can either be manual or automatic operated from the inside or 
outside of the car. The retractable roof consists on a rigid cover fixed to an 
articulated frame with hermetic closure. The material properties from the roof 
have to be weather resistant and most offer good mechanical resistance.   

 

Figure 2.11 Convertible car rooftop diagram from US patent 

 

2.4.5 Car Hood Opening  
The standard solution to keep a car hood open is by using a stabilizing bar that 
holds the hood open at an adequate angle in order to give users good space to 
access to the engine and other functional components. A variable of this 
mechanism is by aiding the hood with a Four-Bar Based Mechanism that works 
with a Pneumatic Spring on each side. This spring stabilizes the movement and 
position of the hood while opening, see figure 2.12. This mechanism can be 
adapted to open panels not only in a rotational fashion but also in a parallel way, 
see figure 2.13.  
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Figure 2.12 Car Hood Opening 

 

Figure 2.13 Parallel Four-Bar Based Mechanism 
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3 Specifications  
The methods chosen for the specifications are Design Intent Statement 
(Curedale, 2013) and Product Specifications (Ulrich & Eppinger, 2008). The 
purpose for choosing those is to identify the customer needs through measurable 
metric. These are presented at the same level of detail for meaningful 
comparison and unbiased selection. The scoring of the Matrix will reference 
these methods and will be carried out further in the project.  

3.1 Design intent statement  
This methodology is used to ensure guidance throughout the development of the 
design process. “[It] is a written statement of the creative objectives of the design 
while not describing the final design solution” (Curedale, 2013). The statement 
comes from the understanding of the problem in hand and has to be clear and 
unambiguous. For this project this design methodology was chosen to pin point 
the main requirements of the project. Pre-established questions were asked to 
the company in the form of an interview; during the interview the team had this 
methodology in mind and guided the interview into solving these specific 
questions. The answers are the creative objectives in the form of written 
statements that condense the overall problem and goals.   
 
The criteria will be useful in order to ensure that the main goals have been met. 
The design methodology was carried out following the steps found in (Curedale, 
2013). This method relies on the following questions to be answered by the 
design team, after communication with the company, so as to express clearly the 
team´s understanding of what needs to be solved: 
 

1. Is the problem clear? 
Protect the Ladder from the environmental factors while making it easy to access. 

2. Are the objectives clear? 
Consider different concepts for protecting the ladder 
Consider different concepts to access. 
Adaptation to manufacturing process 
Estimation of total cost 

3. Is the agreement on the design intent by all stakeholders? 
Company and designers, communication. 

4. What are the constrains? 
Price, space, materials*, exterior factors (organic debris, weather, etc.), ergonomics, position of the 
ladder (height, volumetric obstacles, weight, access). 

5. Have assumptions been tested? 
The assumptions are that the ladder is located 2.5m from the ground and that it needs to be covered. 
The user adapt to the access of the unit located at the rear. There are two existing solutions to be 
considered. We have assumed that the new solution has to be in between generally speaking. 

6. What are the risks? 
Time, high cost, not functional, not ergonomic, and difficult to operate 

7. What are the business objectives? 
Be cost efficient so the stakeholder can win when participating in tenders. 

8. What are the user objectives? 
Be easy to use from the ground 

9. What are the environmental objectives? 
Do not harm the environment during the production and ensure the durability of the unit for at least 
20 years. 

10. What are the technology objectives? 
Use the technologies available to the company as well as the technologies from the suppliers. 
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The conclusion of the method is the clarification of the problem, the factors that 
intervene, and the considerations that guide the solution towards a satisfactory 
result. These considerations need to be evaluated into a quantifiable way which 
is why Product Specifications was chosen as the consequent Design Method.  

3.2 Table of target specifications  
The table of target specifications originates from Product Specifications (Ulrich & 
Eppinger, 2008) and it explains precisely what the product has to do. The criteria 
used for the table of specifications is based on the findings of the Design Intent 
Statement. They are categorized in four groups which are arranged in order of 
importance (according to the company’s initial requirements.). The final solution 
has to fulfil the following demands: 
 

Table 3.1 Target Specifications 

METRICS  VALUE  

PROTECT THE LADDER (FUNCTION) 

DO NOT MOVE  0 mm 

STEPS FROM IMOBILIZATION TO ACTIVATION 
SEQUENCE  

0≤3 steps 

ISOLATION FROM EXTERNAL ELEMENTS 3 IP1  (Approved American National 
Standard, 2004) 

LOCK MECHANISMS  1 

DIMENSIONS 4793x850x481 < 4893x900x600mm 

USE  

TIME TO ACCESS  ≤3 seconds 

REACH RANGE  Ground level (Swedish Standard 
Institute, 2009) 

CLEAR USE OF SOLUTION Visibility 1m in all weather (Swedish 
Standard Institute, 2009) 

DURABILITY OF SOLUTION >20 years 

NUMBER OF SUBTASKS  5<10 tasks  

OPERATING TIME  ≤10 seconds (If the opening of the cover 
and the deployment of the ladder is 
simultaneous the time should be 
considered 0 seconds) 

USE ELECTRIC PUMP FROM FEL Yes  

PRODUCTION 

NUMBER OF PARTS  The least possible2 

MINIMUM TIME OF ASSEMBLY  <15 hours  

LOW COST  ≤8000 SEK 

NUMBER OF MATERIALS 1≤3 

AESTHETICS  

CONSIDER VEHICLES FORMAL ATTRIBUTES External decision (subjective) 

COMPACT SOLUTION  ≤32% of unused space (The BMC is 
taken as reference for this percentage) 

                                                        
1 3 IP: Protected against solid foreign objects of 2.5 mm diameter and greater. 
The object probe of 2.5mm diameter shall not penetrate at all, see figure 1.2. 
2 Number of parts: This point is evaluated by direct comparison with the BMC 
solution, considering it as the simplest solution, (10 parts).   
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During the elaboration of the Table of Target Specifications it became clear that 
including another Design Method was necessary to pin down the demands and 
desires of the company. This led to the inclusion of the Objectives Tree.  
 

3.3 Objectives Tree  
The Objectives Tree (Cross, 2008) purpose is to define and determine the 
specific objectives of the project with the intent of exploring the problem. The 
method was carried out and the results are as shown in figure 3.2. The results 
are a table that contains the hierarchized objectives of the project. The concepts 
arose from the design brief and the previous communication with the company 
in question, the design intent statement, and the Benchmarking. 
 

 

Figure 3.1 Objectives Tree 

 
 
The result of the Objectives Tree was the clarification of the specific demands of 
the company that included the Protection, Access, Production and Aesthetics of 
the final solution. With the help of the Objectives Tree the Target Specifications 
were completed and used for the chapter 6.2 Concept Scoring Matrix.  
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4 Concept generation  
Setting the objectives of the project triggered some ideas from the Design Team. 
These ideas were sketched but lacked substance, referred in this report as 4.1 
Initial Approach; the ideas did not merge the different objectives, but solved 
individual instances. The objectives were then portrayed as a Lotus Blossom and 
generated 95 sub-solutions that needed to be evaluated and combined.  

4.1 Initial approach  
The ideas generated during this stage of the project were conceptual solutions 
triggered by the Objectives Tree. The generation of ideas did not follow a Design 
Method, which resulted in arbitrary concepts that solved both, broad and specific 
objectives. Some of these ideas were later sorted during the 4.2 Lotus Blossom.  
The following three concepts shown were selected because they solved a wider 
range of objectives with the sole purpose of documenting the ideas so as to guide 
future work.  
 
The main concern to this point was to look into different kinds of openings which 
involved different sections and shapes which would wrap in the most efficient 
way to the shape of the FEL. In addition, the cylinder and rectangular prism offer 
a wide range of opening possibilities. These belong to the first set of alternative 
solutions that were considered.  
 
Figure 4.1 and 4.2 show concept one which consists in a section sliding cover. 
When cross referencing to the table of specifications, there was a big chance of 
the mechanisms failing because of obstructions. The sections are stackable and if 
there was any debris the mechanism would have encountered troubles.  

 

Figure 4.1 Diagrams: Initial Concept 1 

 

Figure 4.2 Perspective: Initial Concept 1 
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The second concept explores folding sections, see figures 4.3 and 4.4. The main 
problem in the solution is the high number of joint points that can fail, therefore 
expose the overall mechanism to fail; in order to prevent this failure a high level 
of maintenance is required increasing the cost and affecting the durability 
requirement set on the Target Specifications.  

 

Figure 4.3 Diagrams: Initial Concept 2 

 

Figure 4.4 Perspective: Initial Concept 2 

The third concept is illustrated in figure 4.5. The case adopts a cylindrical shape 
with circular sections. The sections slide allowing the FEL to unfold with no 
vertical restrains. Due the fact that the ladder is a rectangular object, the third 
concept proved to be inefficient regarding the dimensions range set of the Target 
Specifications. The usable space of the circle was reduced to only half, meaning 
that the overall dimensions would exceed the pre-established range.   

 

Figure 4.5 Perspective: Initial Concept 3 
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This first approach resulted in inconclusive ideas that would be later improved 
by applying the creative techniques from the Design Methodologies chosen at the 
beginning of the project. Lotus Blossom was the selected method due to the fact 
that it offered a basis of 8 basic concepts that could be furthered developed into a 
wider range.  

4.2 Lotus Blossom  
The Lotus Blossom method (Curedale, 2013) was used to generate new concept 
ideas for the solution. The method stated the problem in hand which was taken 
from the Objectives Tree: Prevent premature deterioration of the ladder. Eight 
concepts arose from this problem that included the branches of the Objectives 
Tree such as: Protection, Access, Production, and Aesthetics. The ideas were later 
evaluated and combined into more concrete solutions.  
 
As mentioned before, the eight concepts arose from the Objectives Tree and they 
were written in such way that they would encourage concrete creative solutions 
and not abstract concepts: 

 Isolation 
 Aid use of ladder, (Pneumatic Mechanism)  
 Optimized Assembly,  
 Durability 
 Optimize of Space 
 Immobilization  
 Misuse 

 
Each concept generated more than 8 ideas which gave a grand total of 95, see 
figure 4.7.  
 
The great improvement in using this Methodology was the resulting variations in 
each conceptual category, which gave an enormous amount of specific 
alternatives, due to the fact that relationship between each abstract concept 
wasn´t restricting the idea generation process at that time. The result were 
individual elements aimed to solve a specific task such as: modular, welding, 
double action sequences, simultaneous open/close, collapsible structures, etc. 
 
But this also meant that organizing each idea within a certain category would not 
necessary provide compatible solutions that could simply be added to one 
another , and therefore the team needed to find a way to join as best as possible 
all the ideas from the 8 different categories in relation to their compatibility.    
 
All ideas had to go through an evaluation to determine the feasibility regarding 
the possible limitations set by the boundaries (manufacturing processes, budget, 
etc.). 
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Figure 4.6 Lotus Blossom 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

23 
 

5 Delimitation of concepts to be developed 
We had 95 ideas that were evaluated in C-Box to discriminate which were best. 
Some sketching was made to generate concepts that morphed the ideas together 
in order to be generated into Low Fidelity Prototypes.  

5.1 C-Box  
C-Box (Curedale, 2013) was considered the best method to compare and 
evaluate the 95 ideas generated from the Lotus Blossom. This method was used 
to find the ideas that belonged on the category “Easy to use” (interpreted from 
the point of view of both user and manufacturer; it broadly contemplates, time, 
steps, effort, ergonomics, user knowledge, etc.) and “Suitable Protection” 
(considers all specific criteria from the Protection Branch mentioned in the 
Objectives Tree) which were chosen from the Aim and Objectives as well as the 
Objectives Tree, see figure 5.1. 
 

 

Figure 5.1 C-Box 

5.2 Sketching  
Some sketches were made after the results of the C-Box, see figure 5.2, to 
generate new concepts to work with. They incorporate the concepts that 
belonged to the top left quadrant of the C-Box, see figure 5.1, into several ideas.  
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Figure 5.2 Sketches with concept generation 

5.3 Low Fidelity Prototyping  
The sketches were evaluated by the design team and represented in Low Fidelity 
Prototypes (Curedale, 2013) with the intent of physically generating the 
concepts. Three concepts were developed following this methodology and 
evaluated with the aid of the company. The results of the prototypes can be seen 
in figures 5.3, 5.4, 5.5.  
 

Figure 5.3 Low Fidelity Prototype 1 

Figure 5.4 Low Fidelity Prototype 2 
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Figure 5.5 Low Fidelity Prototype 3 

5.4 External Decision  
This methodology is a form of evaluation to see how the process has been 
performing so far (Ulrich & Eppinger, 2008). The three prototypes were shown 
to the company to gain some perspective of the work done. Some important 
input was discussed with the company regarding the possible solutions as well 
as some clarifications and missing information.  
 

 There has to be a clearance of 200mm from the FEL to the cover when 
opening 

 The FEL is not fixated in the middle, it could also go to the sides. It 
depends on the needs of the client 

 The sequence is already set, there is no need to interfere with that. The 
main concern for the project should be solving how to open the back lid 
from the ground 

 The electrical equipment requirements as well as the lockers, walking 
areas, and such follow the regulation found in SVENSK STANDARD SS-EN 
1846-2:2009 (Swedish Standard Institute, 2009). It has dimension 
references, positioning, angles, etc.  

 The material for the cover should be preferably nonconductive, plastic is 
recommended. Fiberglass is also an option but the cost would elevate 
profusely 

 The cover cannot take more than 10 seconds to open before the ladder 
can be operated. If the opening of the cover and the deployment of the 
ladder the time should be considered 0 seconds 

 There have not been any ergonomic testing for the other solutions. The 
BMC was developed a long time ago and the ACP is activated by a remote 
control, see figure 5.6.   
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Figure 5.6  Remote Control 

A transcript of the mentioned points can be found in Appendix C.  
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6 Prototype and evaluation  
The result of the evaluation by the company was the implementation of 
mechanisms that would aid the movement of the cover in the prototypes. 
Prototypes 2 and 3 were combined to work as a 4 bar mechanism (1. Balance 
Poles). Prototype 1 was modified from a one-partition cover to a two-partition 
cover aided by a two axis pulley system (2. Pulley) and a worm mechanism (3. 
Worm). These three proposals were analysed and evaluated through a Concept 
Scoring Matrix and presented to the company for an External Solution to select 
the best option. The selection resulted in four more detailed concepts that were 
evaluated by another Concept Scoring Matrix that would determine the final 
solution and its details. This chapter explores the addition of the mechanisms, 
how they work, their range of movement, the measurements and cinematic 
requisites, in order to select the better suited for the final solution.  

6.1 Development of three proposals  
The input from the company resulted in the development of three different 
mechanisms that consisted in Balance Poles, Pulley, and Worm. These concepts 
were tested in schematics to comprehend how they worked and further 
developed to analyse the number of parts, materials, friction, compliance to 
target specification, etc.  

6.1.1 Proposal number 1- Balance Poles  
This option consists on a pre-charged mechanisms which tends to open the 
cover. The opening is almost entirely controlled by the ladder carrier controlled 
with the electric pump.  The sequence of opening consists on, see figure 6.1: (1) 
Opening the side lid allocated at the back of the truck through an electric lock 
attached to the cover (the lid rotates upward), (2) The electric pump starts 
moving the carrier out of the cover, (3) The carrier guides the compression lever, 
(4) The lever starts unfolding, (5) The carrier reaches its maximum horizontal 
movement, and (6) The carrier rotates 60° and subsequently the cover reaches 
its maximum opening position. The pre-charge mechanism takes place at the 
same time as the extraction of the ladder, therefore the opening times can be 
considered zero.  
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Figure 6.1 Proposal 1 Balance poles Video 

Figure 6.2 Component Schematics for Proposal 1 

The mechanism was analysed by identifying each part with their specific 
measurements, see figure 6.2. Some geometric analyses took place to find the 
optimal dimensions for the mechanism to work, as well as the range of 
movement that resulted from both, FEL and cover, see figure 6.3. The idea was 
modelled in 3D Max and some schematic videos were made, see figure 6.4.  
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Figure 6.3 Balance Pole Measurements and Range Schematics 

 

 

Figure 6.4 Balance Poles video 

6.1.2 Proposal number 2- Pulley 
This option consists on a foldable cover system driven by a pulley mechanism 
controlled by the carrier moved by the electric pump. The cover is divided in 
three identical sections that fold up to acquire a triangular structure at the end of 
the procedure. The first section is connected to the pulley mechanism which runs 
on each side of the main box. The sequence of opening consists on, see figure 6.5: 
(1) Opening the side lid allocated at the back of the truck through an electric lock 
detached from the cover (the lid rotates downwards), (2) The electric pump 
starts moving the carrier out of the cover, (3) The carrier pulls the pulley 
mechanism which is attached both to the cover and carrier, (4) The cover folds 
up, (5) The carrier reaches its maximum horizontal movement and the cover will 
be completely folded, and (6) The carrier rotates 60° releasing the attachment to 
the pulley mechanism and leaving it in position prepared to receive the carrier 
once again.  
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Figure 6.5 Proposal 2 Pulley Video 

The pulley mechanism was analysed part by part to have a better understanding 
on the complexity of it, see figure 6.6 (colour blue and red). Some research and 
discussion took place on the possibilities of the materials for the chain and the 
connecting elements to the lid and cover. The range of movement was analysed 
on a video made by the 3D modelling in 3D Max, see figure 6.7.  
   

 

Figure 6.6 Component Schematics for Proposal 2 (Red), Proposal 3(Green) 
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Figure 6.7 Worm Video in 3D Max 

6.1.3 Proposal number 3- Worm  
This option consists on a foldable cover system driven by a worm mechanism 
controlled by a separate electric pump allocated on the inside wall of the box.  
The cover is also divided in three identical sections that fold up to acquire a 
triangular structure at the end of the procedure. The worm mechanism guides 
the opening sequence by being connected to the first section of the cover. The 
worm is installed on the inside of the box parallel the carrier’s movement path.  
 
The sequence of opening consists on, see figure 6.5: (1) Opening the side lid 
allocated at the back of the truck through an electric lock detached from the 
cover (the lid rotates downwards), (2) The separate electric pump starts rotating 
the worm mechanism which slides the cover, (3) The cover folds to its maximum 
opening at the end of the worm, (4) Once the cover is open the electric pump 
pulls the carrier out, (5) The carrier reaches its maximum horizontal movement, 
and (6) The carrier rotates 60°.  
 

 

Figure 6.8 Proposal 3 Worm video 

The components for the worm mechanism are listed in the schematics in figure 
6.6 (colour blue and green).  
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6.2 Concept Scoring Matrix  
The design method used in this stage for evaluation is Concept Scoring Matrix 
(Ulrich & Eppinger, 2008) because it translates the demands and desires into 
specific quantifiable requirements (inputs) while evaluating several concepts to 
each other. The metrics and values should be as objective as possible, e.g. a 
quantitative evaluation form, and for the subjective criteria is recommended to 
use external opinions, e.g. company and supervisor.  It is important to keep in 
mind that the scoring is relative to the targets specified in the Table of target 
specifications from Chapter 3. After some modifications such table resulted as 
follows:  

Table 6.1 Table of specifications for Concept Scoring Matrix 

Demand/ 
Desires 

No.  Metrics  Value  

Protect the ladder (function) 

Demand  1 Fixation to the roof Immobile  

Desire 2 
Steps from 
immobilization to 
activation sequence  

0≤3 steps 

Demand  2 
Isolation from external 
elements 

3 IP (Approved American National 
Standard , 2004) 

Demand  6 Lock mechanisms  1 

Desire 6 
No external 
mechanisms  

0≤3 

Demand  1 Dimensions 4793x850x481 < 4893x900x600mm 

Use  

Desire 1 Time to access  ≤3 seconds 

Demand  7 Reach range  
Ground level (Swedish Standard 
Institute, 2009) 

Demand  3 Clear use of solution 
Visibility 1m in all weather (Swedish 
Standard Institute, 2009) 

Desire 4 Durability of solution ≥20 years 

Desire 8 No additional subtasks  5<10 tasks  

Demand  4 Operating time  ≤10 seconds 

Desire 3 
Use electric Pump from 
FEL 

Yes  

Production 

Desire 8 
Minimum number of 
parts  

Minimum possible 

Demand  1 
Expected time of 
assembly  

<15 hours  

Demand  1 Low cost  ≤8000 SEK 

Desire 5 
Commercial Standard 
type of mechanism  

Self-adjust/ Commercial Standard 
(block) 

Demand  1 
Low uncertainty rate 
(number of variables 
that might fail) 

No. 

Demand  5 Good repair efficiency  Yes/No 
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Desire 9 
Least number of 
materials 

1≤3 

Aesthetics  

Desire 10 
Consider vehicles 
formal attributes 

External decision (subjective) 

Demand  1 Compact solution  ≤32% of unused space 

 
Each metric was attributed to either desire or demand and then given a number 
of importance. The demands are the prerequisites that must be fulfilled in order 
to meet up with the Product Specifications, see table 6.2, while desires are 
merely improvement attributes that can enhance the value of the product that 
are not crucial, see table 6.3.  

Table 6.2 Demands 

No.  Demands 

1 Fixation to the roof Immobile  

1 Dimensions 4793x850x481 < 4893x900x600mm 

1 Expected time of assembly <15 hours  

1 Low cost  ≤8000 SEK 

1 Low uncertainty rate (number of 
variables that might fail) 

No. 

1 Compact solution  ≤32% of unused space 

2 Isolation from external elements 3 IP (Approved American National 
Standard , 2004) 

3 Clear use of solution Visibility 1m in all weather (Swedish 
Standard Institute, 2009) 

4 Operating time  ≤10 seconds 

5 Good repair efficiency  Yes/No 

6 Lock mechanisms  1 

7 Reach range  Ground level (Swedish Standard 
Institute, 2009) 

 
Table 6.3 Desires 

No.  Desires  

1 Time to access  ≤3 seconds 

2 Steps from immobilization to 
activation sequence  

0≤3 steps 

3 Use electric Pump from FEL Yes  

4 Durability of solution ≥20 years 

5 Commercial Standard type of 
mechanism  

Self-adjust/ Commercial Standard 
(block) 

6 No external mechanisms  0≤3 

7 No additional subtasks  5<10 tasks  

8 Minimum number of parts  Minimum possible 

9 Least number of materials 1≤3 

10 Consider vehicles formal 
attributes 

External decision (subjective) 
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The Concept Scoring Matrix was done twice during the project in an Early Stage 
and to decide the Final Concept.  

6.2.1 Early Concept Scoring Matrix 
The three concepts were evaluated on an early stage to determine the likelihood 
of manufacturing each. It was determined as an “early stage” because some 
information on the Concept Scoring is an approximation of existing data at this 
stage. The approximation of some inputs was achieved by gathering all the 
information available in addition to the knowledge of both writers of this report, 
Isabel Acosta and Mario Aurelio Molbeck, company contact, Jörgen Andersson, 
and supervisor, Lennart Ljungberg. These inputs are evaluated with Low-
Medium-High. The metrics used to evaluate the concepts can be found in Chapter 
3.2 Table of Target Specifications and 6.2 Concept Scoring Matrix.  
 

Table 6.4 Early Concept Scoring- Demands 

No.  Demands Proposal 1  
Balance  Poles 

Proposal 2 
Pulley 

Proposal 3  
Worm 

1 Fixation to the 
roof 

Immobile  0mm 1 0mm 1 0mm 1 

1 Dimensions 4793x850x481 < 
4893x900x600mm 

4793x 
500x 
900mm 

0 4793x 
500x 
900mm 

0 4793x 
600x 
900mm 

0 

1 Expected time of 
assembly 

<15 hours  Medium 0 High  -1 Low 1 

1 Low cost  ≤8000 SEK Medium 0 Medium 0 High -1 

1 Low uncertainty 
rate (number of 
variables that 
might fail) 

No. Medium 0 High  -1 Low 1 

1 Compact solution  ≤32% of unused 
space 

10% 1 10% 1 32% -1 

2 Isolation from 
external 
elements 

3 IP (Approved 
American National 
Standard , 2004) 

4 IP 1 4 IP 1 4 IP 1 

3 Clear use of 
solution 

Visibility 1m in all 
weather (Swedish 
Standard Institute, 
2009) 

Yes  1 Yes 1 Yes 1 

4 Operating time  ≤10 seconds 0 1 0 1 <5 1 

5 Good repair 
efficiency  

Yes/No Yes  1 No 0 Yes 1 

6 Lock 
mechanisms  

1 1 0 1 0 1 0 

7 Reach range  Ground level 
(Swedish Standard 
Institute, 2009) 

Remote 
control 

0 Remote 
control 

0 Remote 
control 

0 

Total= 6 3 5 
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Table 6.5 Early Concept Scoring- Desires 

No.  Desires  Proposal 1  
Balance  Poles 

Proposal 2 
Pulley 

Proposal 3  Worm 

1 Time to access  ≤3 seconds 1 0 1 0 1 0 

2 Steps from 
immobilization 
to activation 
sequence  

0≤3 steps 1 0 1 0 1 0 

3 Use electric 
Pump from FEL 

Yes  Yes 1 Yes 1 No -1 

4 Durability of 
solution 

≥20 years 10 0 5 -1 20 1 

5 Commercial 
Standard type of 
mechanism  

Self-adjust/ 
Commercia
l Standard 
(block) 

Commercial 1 Self -1 Commercial 1 

6 No external 
mechanisms  

0≤3 0 0 0 0 1 0 

7 No additional 
subtasks  

5<10 tasks  0 0 0 0 1 -1 

8 Minimum 
number of parts  

Minimum 
possible 

8 1 14 -1 9 1 

9 Least number of 
materials 

1≤3 Low 1 High -1 Medium 0 

10 Consider 
vehicles formal 
attributes 

External 
decision 
(subjective) 

Yes 1 Yes 1 Yes 1 

Total=  5 -2 2 

 

6.2.2 Results and Selection  
The final scoring for the three proposals are:  
 

Table 6.6 Results for Early Concept Scoring 

 Proposal 1  
Balance  Poles 

Proposal 2 
Pulley 

Proposal 3  
Worm 

Total=  11 1 7 

 
As it can observed in Proposal 1 there are no negative values on either Demands 
or Desires which makes it the best option overall, but can thrive with some 
improvements on the neutral values. It is important to note that Proposal 3 
offers a promising result that can be improved with the appropriate 
modifications.   
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6.3 External Decision 
During this stage there was constant communication with the company. The 
company gave important input towards Proposal 1. This proposal was the base 
to develop the final solutions that are analysed in the Final Solution Concept 
Scoring. Some of the input worth mentioning is:  
 

 Combine BMC and Proposal 1 in order to lower costs and ensure 
functionality  

 Take out Pneumatic Mechanism (adding such would add 2800SEK to the 
budget) 

 Maximum height of the ladder is 4625mm and the minimum is 4425mm 
 Absolute clearance of 200mm 
 The final solution must not exceed the 8000 SEK budget (the Company 

was very insistent on the cost efficiency and the reach range) 

6.4 Concept Scoring Matrix - Final Solution 
The final solution is the combination of the research during the semester and the 
structure of the BMC. It proved to be cost efficient and the combination of the 
mechanism helps the height of the overall ladder, two things that were insisted 
by the company. 

6.4.1 Characteristics of the proposals  
There were several modifications regarding the use of mechanisms, 
measurements, geometry considerations, etc. that concluded in four outgoing 
ideas.  

6.4.1.1 Cupboard-like opening system:  
This option is based on a two part hinged cover that resembles a cupboard 
mechanism, see figure 6.9. This proposal comes from an idea previously 
conceived during 5.2 Sketching. The reason for pitching this a concept with a 
different approach so late into the proposal analysis was with the intent of 
offering a wider range of solution selection to the company and at the same time 
making sure that the decisions had a solid ground.  
 
The benefits of this solution are the minimization of the operating height and 
reduction of components. Nevertheless there is a big concern with the stability of 
the cover side walls as a result of side wind forces that could compromise the 
joints and the closing of the solution.  
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Figure 6.9  Cupboard-like Proposal 

6.4.1.2 Elastic Shock Cords (Pre-charged system) 
This solution is based on a pre-charged system which tends to open the cover 
through the aid of elastic shock cords, see figure 6.11, attached to both, the cover 
and the side sheets of the box, see figure 6.5. 
 

 

Figure 6.10 Elastic Shock Cord Solution 

 

Figure 6.11 Elastic Shock Cord www.perfprotech.com 

 
  
 

https://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwio9efHjITNAhUGiywKHQnkAdAQjRwIBw&url=https://www.perfprotech.com/shock-cords-accessories/category/5385&psig=AFQjCNGXaUMtngSGlL-aX0pWgkRufXN_yw&ust=1464776696968103
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6.4.1.3 Pneumatic (Pre-charged system)  
This solution is based on a pre-charged system which tends to open the cover 
through the aid of two pneumatic springs, see figure 6.13, attached to the cover 
and the rear cover of the fixed box, see figure 6.6. It is similar to the Elastic Shock 
Cord solution, with the only difference being the direction of the pre-charged 
mechanism and the use of pneumatic dampers. 
 

 

Figure 6.12 Pneumatic Mechanism 

 

 

Figure 6.13 Pneumatic Spring www.cshardware.com 

6.4.1.4 Gravity induced closing (Balance Poles)  
The cover relies entirely on the gravity to close and the carrier to open, see 
figure 6.7. The measurements were adapted in order to ensure a smooth 
operation. There could be additional elements to aid the closing such as torque 
springs, wheels, or a manual pulley.  
 

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj_qojfjITNAhXH2SwKHdZjAJ4QjRwIBw&url=http://www.cshardware.com/54-sgs800-10.html&bvm=bv.123325700,d.bGg&psig=AFQjCNE7zSsOZeSMW0QiP3oCGHuNlc_UQA&ust=1464776738392742
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Figure 6.14 Gravity Induced Solution  

6.4.2 Final Concept Scoring Matrix  
The four concepts were evaluated in a Concept Scoring Matrix:  
 
 

Table 6.7 Necessities Concept Scoring Matrix - Final Solution 

No. Demands 
Cupboard-like 

Mechanism 
Elastic Shock 

Cords 
Pneumatic 
Mechanism  

Gravity 
Induced  

1 Low cost3 ≤8000 SEK ≥8000SEK  0 <8000SEK 1 >8000SEK -1 <8000SEK 1 

1 
Fixation to 
the roof 

0 mm 0mm 1 0mm 1 0mm 1 0mm 1 

1 
Compact 
solution  

<35% of 
unused space 

32% 1 32% 1 36% -1 32% 1 

1 
Dimensions 
(LxHxW) 

4793x 850x 
481 < 4893x 
920x 600mm 

4793x 
600x 
920mm 

1 
4793x 
600x 
920mm 

1 
4793x 
600x 
940mm 

-1 
4793x 
600x 
920mm 

1 

1 
Expected 
time of 
assembly  

Low<15 h 
Medium=15 
h 
High>15h  

Low 1 Medium 0 High -1 Low 1 

1 

Low 
uncertainty 
rate (number 
of variables 
that might 
fail) 

-Low= easy 
mechanism  
-Medium= 
fairly 
complex 
mechanism  
-High= 
complex 
mechanism  

Low 1 Low 1 Medium 0 Low 1 

2 
Isolation 
from external 
elements 

3 IP  4 IP 1 4 IP 1 4 IP 1 4 IP 1 

                                                        
3 The difference between the Pneumatic Spring in both, Cupboard and Pneumatic 
solution, relies mainly in the dimensions and weight of the cover. The bigger the 
Damper the higher the cost. 

file:///C:/Users/a15marac/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/950F4623.xlsx%23wishes!_ftn3
file:///C:/Users/a15marac/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/950F4623.xlsx%23wishes!_ftn3
file:///C:/Users/a15marac/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/950F4623.xlsx%23wishes!_ftn1
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3 
Clear use of 
solution 

Visibility 1m 
in all 
weather  

Yes  1 Yes 1 Yes 1 Yes 1 

4 
Operating 
time  

≤10 seconds 0 1 0 1 0 1 0 1 

5 
Good repair 
efficiency  

Yes/No Yes  1 Yes 1 No -1 Yes 1 

6 
Lock 
mechanisms  

1 1 1 1 1 1 1 1 1 

7 Reach range  Ground level  
Remote 
control 

1 
Remote 
control 

1 
Remote 
control 

1 
Remote 
control 

1 

Total= 11 11 1 12 

 
Table 6.8 Wishes Concept Scoring Matrix - Final Solution 

No.  Desires 
Cupboard-like 

Mechanism 
Elastic Shock 

Cords 
Pneumatic 
Mechanism  

Gravity 
Induced  

1 
Time to access 
(electric lock) 

≤3 seconds 1 1 1 1 1 1 1 1 

2 

Steps from 
immobilization 
to activation 
sequence  

0<3 steps 1 1 1 1 1 1 1 1 

3 
Use electric 
Pump from 
FEL 

Yes  Yes 1 Yes 1 Yes 1 Yes 1 

4 
Durability of 
solution 

>20 years 20 1 5 -1 10 0 20 1 

5 
Commercial 
Standard type 
of mechanism  

Self-adjust/ 
Commercial 
Standard 
(block) 

Comm. 1 Comm. 1 Comm. 1 Comm. 1 

6 
No external 
mechanisms  

0<3 1 0 1 0 1 0 1 0 

7 
No additional 
subtasks  

5<10 tasks  1 0 1 0 1 0 1 0 

8 
Minimum 
number of 
parts  

Minimum 
possible 

8 0 8 0 8 0 6 1 

9 
Least number 
of materials 

1≤3 2 0 5 -1 6 -1 3 0 

10 
Consider 
vehicles formal 
attributes 

External 
decision 
(subjective) 

Yes 1 Yes 1 Yes 1 Yes 1 

Total= 6 3 4   7 

 

file:///C:/Users/a15marac/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/950F4623.xlsx%23wishes!_ftn2
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6.4.3 Results for Final Concept Scoring  
The gravity induced mechanism is the way to go as it fulfils completely the 
demands, see table 6.7 and the desires with neutrality towards 3 metrics. The 
company considered it the most appropriate regarding simplicity and cost 
efficiency. The Cupboard- like mechanism seems to be a good idea with some 
additional research and work, but was explored at a late stage of the 
development of proposals and therefore was put to one side due to lack of time. 
The Pneumatic Mechanism and Elastic Shock Cords did not meet the criteria, cost 
efficiency and durability respectively, asked from the company and were 
disregarded.  
 

Table 6.9 Total Concept Scoring - Final Concept 

 Cupboard-like 
Mechanism 

Elastic Shock 
Cords 

Pneumatic 
Mechanism  

Gravity Induced  

Total=  17 14 5 19 

 

6.5 Conceptual Tree  
The creative flow is represented in the following the schematic presented in 
figure 6.8. The colour coding is Green for Accepted and further developed 
concepts, and Red for Rejected concepts. The Tree shows the path that led to the 
Final Solution.  
 
 

 

Figure 6.15 Conceptual Tree  
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6.6 External Decision  
The final decision consisted in constant communication with the company to do 
the final detailing of the Cover Solution. At this point the company was of 
invaluable importance regarding Software tutoring, material selection, 
mechanism analysis, and other specific characteristics.  
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7 Results & analysis  
The solution is a functional low cost protection for the FEL in a fire vehicle, see 
figures 7.1 and 7.2. The cover provides protection from weather and external 
conditions of the environment while being accessible from a remote control 
(opened/closed by the electric pump pushing the carrier).  

 

Figure 7.1 Product Proposal Closed  

 

Figure 7.2 Product Proposal in use 

7.1 Design Product Proposal  
The final Design Product Proposal achieved an automated low cost solution 
which fulfils the initial objectives of the project set at the beginning in chapter 
1.2 Problem, aim & objectives. The company expressed how content they were 
with the final solution.  
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7.1.1 Production and technical specifications 
Due to the company’s confidentiality policy the specific measurements, 
geometry, fittings, etc. are not included or discussed in great detail in the report.   
 
The solution in question is placed on top of the fire vehicle and could be allocated 
in any spot available (left, middle or right) depending on the client’s needs, 
wishes, and additional rescue equipment. Overall the cover is composed by eight 
primary parts that allow the mechanism to work, see figure 7.3 and table 7.1. The 
opening process combines the unpacking process of the carrier with the opening 
of the articulated cover. All mechanism motion is dependent on the carrier 
movement.   
 
 
 
 

 
Figure 7.3 Parts of the Product Proposal 
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Table 7.1 Component table 

No.  Name Quantity Material Function 

1 Front Cover  1 Aluminium alloy Articulated cover 

2 Mid Cover 1 Aluminium alloy Articulated cover 

3 Balance Pole  2 Galvanized steel Articulated cover 

4 Back Cover 1 Aluminium alloy Structural panels 

5 Back Side  2 Aluminium alloy Structural panels 

6 Front side  2 Aluminium alloy Structural panels 

7 Lid 1 Aluminium alloy Articulated lid  

8 Bumper  1 Robalon and Silicone tubes Tear and friction protection 

 
The solution is composed by three systems that are: (1) Articulated Cover, (2) 
Structural Panels, and (3) Articulated Lid. Both articulated systems are aided 
with torque springs up to 125 N-mm, see figure 7.4, that induce the closing; these 
torque springs work as pre-charged mechanisms. The overall joints are 
articulated with steel hinges, welded, or riveted.  
 

 

Figure 7.4 Torsion Spring requirements, www.acxesspring.com 
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Table 7.2 Table of Specifications 

Production  

Cost 7465SEK 

Assembly time   10 hours 

Minimum number of parts  8 

Commercial Standard type of 
mechanism  

Commercial Standard  

Least number of materials 4 

Function 

Fixation to the roof 0 mm 

Dimensions (LxHxW) 4793x920x 600 mm 

Low uncertainty rate (number of 
variables that might fail) 

3 

Isolation from external elements 3 IP 

Use electric Pump from FEL Yes  

No external mechanisms  0 

Use  

Clear use of solution Visibility 1m in all weather (Swedish Standard 
Institute, 2009) 

Operating time  0 seconds 

Good repair efficiency  Yes 

Lock mechanisms  None 

Reach range  Remote control 

Time to access (electric lock) 0 seconds 

Steps from immobilization to 
activation sequence  

0 steps 

Durability of solution 20 years 

No additional subtasks  0 tasks  

Aesthetics  

Compact solution  32% of unused space 

Consider vehicles formal attributes Yes  

 
As seen in table 7.2 the final solution achieved the initial aims and objectives 
with the exception of number of materials which in this case exceeds the initial 
target by one. It is important to note that the addition of this material allows the 
mechanism to operate without the use of any additional locking elements.  
Aluminium was selected as the main material over others due to the fact that it 
offers sufficient weight to induce a gravity based closing mechanism. Its physical 
properties are appropriate to the outdoor work conditions, non-corrosive, 
resistance, strength, and tenacity. The texture added is based on a secure non-
slip pattern that can also hide any imperfections that the cover might suffer 
increasing its aesthetical properties.  
 

file:///C:/Users/a15marac/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/950F4623.xlsx%23wishes!_ftn1
file:///C:/Users/a15marac/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/950F4623.xlsx%23wishes!_ftn2
file:///C:/Users/a15marac/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/950F4623.xlsx%23wishes!_ftn3
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The final cost of the Design Proposal is 7465 SEK and 10 hours of assembly time, 
which is lower than the original target of 8000 SEK and <15hours despite 
exceeding the targeted number of materials, see tables 7.3 and.4. The cost comes 
from the suppliers’ pricing list and the assembly time from the company’s 
assembly line.  These two values were achieved by modifying the mechanism and 
the pre-requisites of the suppliers’ material. Eliminating the pneumatic spring 
and the manual locking mechanism that were originally used in the BMC gave 
room to add balance poles, the bumper, and the torque springs at a lower budget. 
Reducing assembly time is based on: ordering finished elements from the 
suppliers ready to be mounted without any further modifications (drilling, 
bending, cutting, etc.) and using simpler configurations between elements for the 
construction (elimination of manual lock).  
 

Table 7.3 Cost of BMC 

BMC 

Material Cost 
Expected Time of 
Assembly (hours) 

Aluminium Sheets    3 750,00 kr  8,5 

Manual Lock     3 000,00 kr  4 

Pneumatic Spring        915,00 kr  1 

Hinges and Riveted        175,00 kr  1 

Extra costs       250,00 kr   

Total=     8 090,00 kr  14,5 

 
Table 7.4 Cost of Design Proposal 

Design Proposal  

Material Cost 
Expected Time of 
Assembly (hours) 

Aluminium Sheets    4 150,00 kr  6 

Bumper        750,00 kr  1 

Steel Balance Poles        900,00 kr  1 

Hinges and Riveted        215,00 kr  1,5 

Torque Springs     1 200,00 kr  1 

Extra cost        250,00 kr   

Total=     7 465,00 kr  10,5 
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7.1.2 Use of Final solution  
Sequence to open, see figure 7.5: (1) The user activates the electric pump that 
moves horizontally the carrier, (2) The carrier moves forward pushing the lid 
open, the bumper (this opening of the lid is smoothened by the bumper, part 8, 
which avoids any tearing or friction between the carrier and the lid), (3) The 
carrier reaches its maximum horizontal position and starts rotating, (4) The 
articulated cover is pushed open by the far extreme of the carrier, (5) The carrier 
reaches its maximum inclination thus opening completely the cover, (6) The user 
can dismount the FEL from the carrier. In case of client’s requests the Solution 
can have an electric lock that ensures a blocked access to the FEL. It is not 
needed and it is not included in the proposal budget.  
 
 

 

Figure 7.5 Use of Design Solution 
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7.2 3D model 
The 3D model was developed in Inventor 2015 by request of the company4. 
 

 
 

Figure 7.6 3D model in Inventor Screenshot 

  

                                                        
4 The blueprints and 3D files are not included due to the report being public 
domain. 
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8 Discussion   
Reflecting on the global result, there are several points that need to be addressed 
from the team’s perspective. We believe the main goals were achieved and the 
company was very happy with the result being that the Final Solution was a 
functional, low cost, and accessible protective cover for the FEL. Nevertheless 
there is still further work that can be done to improve the Cover Solution. There 
were several positive and negative aspects that influenced the overall design 
development.  
  
Material research and user preference, research neglect and the beginning of the 
project became more obvious towards the end of the project. 
 
Company guidance material selection As a result of the initial set-back, we relied 
on the company’s pre-existing knowledge and guidance which included 
materials selection, user demands, and assembly techniques. These two aspects 
resulted in a limited amount of literature references regarding the pre-study of 
the topic. 
 
Some mechanisms studies were carried out during the Generation-Evaluation 
Loop Phase which should have taken place during the pre-study. There was also 
contact with Material ConneXion in between chapters 6.4 and 7 that offered an 
exceeding amount of information that did not fit the tight schedule at that late 
stage. The Final Concept, though it does in fact show little innovation regarding 
material use, focuses on creative detailing which has given as a result a 
conservative, fully functional solution with a low uncertainty rate. Nevertheless, 
the solution offers the possibility of further work in material use.  
 
Regarding user demands, most of Autokaross i Floby employees used to be 
firemen, internal company feedback therefore was considered the source of 
information into solving this project. There could have been an external contact 
by performing user surveys and interviews and this could have given a different 
outcome.  
 
One of the more important tasks of this product development was the selection 
of Design Methodologies at the beginning of the project. The methodologies were 
chosen in reference to the ability of pin pointing specified working boundaries 
which would use the two pre-existing concepts as Benchmarks. Throughout the 
Exploration Phase some of the methodologies were added in order to guide the 
product development into categorizing the problem in hand.  
 
In retrospective, the design generation was only based in subjective 
methodologies, Lotus Blossom, C-Box and Sketching, rather than the 
combination between subjective and objective design methods that would have 
separated our ideas and achieved different perspectives. Instead of using 
Sketching we could have used Morphological Chart to create different concepts 
or Unfocus Groups to present the concepts to. The overall solution of the cover 
was biased, but the team efforts were focused on creative detailing decisions. 
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During the Generation Phase there was more flexibility towards the criteria to 
generate concepts outside our comfort zone and gradually the criteria were 
imposed more rigorously. The Generation Phase can be then described as a more 
flexible Phase of the project that in due time had to adapt its findings to the 
essential demands that would conform the Final Solution.  
 
The Low Fidelity Prototypes shed to light that variating the proportions of the 
parted cover would affect dependent variables such as the length of the balance 
pole, the axis of rotation, the angle of the lids, etc. These variables followed the 
Four-Bar Linkage: Kennedy theorem and the Grashof condition. The final 
measurements were not arbitrary; they followed basic cinematic analysis 
according to the physical restrictions and range of movement.  
 
The use of early concept scoring was needed to trigger the company’s response 
and our own; it became clear the path we should follow. The Early Concept 
Scoring was not exact because most of the values were assumptions made from 
the information gathered at the moment. They were not opinions, but general 
generalizations that included the knowledge of the company (assembly time, 
material cost, mechanical complications, etc.), our supervisors and our own.  
 
Although the company’s previous knowledge and External Decisions helped us 
keep sight of the main goals, they had a negative effect to our decision making 
and blindsided our group objectives throughout the project. Our approach was 
constrained by two objectives the company relied copiously on: the reach range 
and cost. Some of the main pre-study topics were fairly skimmed due to the solid 
information given out to us. As a conclusion it can be said individual research 
needs to be prioritized at any times no matter the amount and quality of the 
previous existing research.  
During final proposals we submitted a number of ideas with modifications and 
use of alternative resources to open and close the lid. After insisting on these 
ideas we were correctly advised to take into consideration simpler solutions, and 
therefore simplifying complications.  
 
The final solution took more time than planned because there was constant 
communication with the company and small modifications that had major set-
backs in time.  
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Appendix  

A. Box Manual Cover  
Pictures  

  

Figure 0.1 Fire vehicle roof with BMC. Perspective   Figure 0.2 Fire vehicle roof with BMC, Back view 

 

 

 

  

Figure 0.3 BMC opening Figure 0.4 BMC opening 2 

 

  

  

Figure 0.5 Detail of BMC Lid   Figure 0.6 Detail of BMC Pneumatic Mechanism 
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Figure 0.7 BMC Handle  Figure 0.8 BMC

 

 

B. Automatic Cover Panel  
Pictures  

  

Figure 0.9 ACP opening  Figure 0.10 ACP opened 

C. External Decision 
 Input from the company: 

 Prototype 3, see figure 5.4, could be hard to manoeuvre with a low cost  
 The solution has to be as simple as possible 
 There has to be a clearance of 200mm when opening the cover 
 There has to be a clearance of minimum 20mm on the sides of the ladder 
 The electric pump with PLC for the FEL can withstand around 100Kg 
 The electric pump can have a boost to have more power 
 The parallel arms of the prototype 3 have to be as short as possible  
 Be aware that the internal arm of the prototype 3 has a radio and moves 
 There could be an easier solution using the BMC and making an automatic 

opening for the lid 
 The FEL is not fixated in the middle, it could also go to the sides. It 

depends on the needs of the client 
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 Locking the cover is not the problem, the problem is how to manoeuvre 
from the ground 

 Focus in solving how to open the back 
 The sequence is already set, there is no need to interfere with that. The 

main concern for the project should be solving how to open the back lid 
from the ground 

 An electric lock is around 250 SEK so it is a viable solution, the problem is 
the height 

 The provider for the ladder is WIBE (WIBE Ladders, 2016) and they use a 
standard approved ladder 

 There are three types of ladder but the solution should be focused on the 
biggest 

 There have not been any ergonomic testing for the other solutions. The 
BMC was developed a long time ago and the ACP is activated by a remote 
control, see figure 0.14.   
 

 

Figure 0.11 Remote control for FEL mechanism 

 The electrical equipment requirements as well as the lockers, walking 
areas, and such follow the regulation found in SVENSK STANDARD SS-EN 
1846-2:2009 (Swedish Standard Institute, 2009) 

 The physical requirements for the firemen vary because politically 
speaking everybody can be a firemen 

 The cover cannot take more than 10 seconds to open before the ladder 
can be operated. If the opening of the cover and the deployment of the 
ladder is simultaneous the time should be considered 0 seconds 

 The BMC costs 8000 SEK plus the assembly time  
 The material for the cover should be preferably nonconductive, plastic is 

recommended. Fiberglass is also an option but the cost would elevate 
profusely 
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 There is no need for a cinematic analysis but the cover must work 
 The software used in the company is Inventor 2015 
 In inventor there could be a stress analysis done at the end of the project  
 The FEL is fixated until it has to be used  

 


