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Abstract 
This Masters Thesis was written by an Industrial Design Engineering student from the 
Royal Institute of Technology during the winter of 2007 - 2008. The focus of the thesis is 
reducing the cost of the mechanics of the main unit of a product of Consilium Navigation 
AB called VDR (Voyage Data Recorder). The VDR market had lately been under severe 
price pressure, and at Consilium a project called ORCA was commissioned. 

The masters project has been closely tied to the ORCA project and much of the work has 
been in collaboration with other employees at Consilium.  

Simply put; this thesis is focused on building a computer cabinet. The complications in 
this case are the demands of low cost and the maritime environment. The goal of the 
resulting product has been to fulfill these demands as well as bringing in softer values 
such as serviceability and the feeling of quality. 

The results from this masters project are one prototype and one concept for building 
small EMC proof cabinets. 

The prototype is for a new way of installing VDR main units, where all the connectors 
that the installing technicians have to care about have been organized in a well ordered 
manner. This way of building VDR systems also brings in the feeling of quality and 
keeps tapering boatsmen out of the inner workings. 

The concept is the first step towards building a small economical EMC proof cabinet 
adapted to work in a maritime environment. This type of small inexpensive cabinet could 
be of great use for the entire Consilium group in the future as well as having a potential 
for OEM sales. 
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Sammanfattning 
Det här examensarbetet skrevs av en student från inriktningen Industriell Design från 
programmet Design och Produktframtagning på KTH under vintern 2007-2008. 
Rapportens fokus är reducering av kostnaden för de mekaniska delarna till huvudenheten 
för Consilium Navigations produkt VDR M4.1 (Voyage Data Recorder Main unit 4.1). 
Marknaden för VDR hade varit utsatt för stark priskonkurrens och på Consilium startades 
ett kostnadsreduceringsprojekt vid namn ORCA. 

Examensarbetet har varit nära knutet till ORCA-projektet och större delen har skett i nära 
samarbete med Consilium. 

En enkel förklaring av examensarbetet är att det handlar om att konstruera ett datorskåp. 
Komplikationen som gör arbetet intressant är de hårda krav som marin miljö ställer samt 
den extrema prispress som legat på projektet. Det har även varit ett mål att införa andra 
mjukare värden så som kvalitetskänsla och enkelhet vid service. 

Resultatet är en prototyp och ett koncept för att bygga billiga små EMC-täta lådor. 

Den framtagna prototypen representerar ett nytt sätt att installera VDR-system. Ett sätt 
där alla kontakter samlats för att vara lätt överskådliga och enkla att komma åt. Det nya 
sättet att bygga VDR inför även en högre kvalitetskänsla samt höjer den mentala ribban 
som måste klivas över för utföra improviserade reparationer. 

Konceptet är det första steget mot att bygga små ekonomiska EMC-täta skåp tänkta att 
fungera i marin miljö. Den här typen av små billiga skåp har stor potential både för 
Consiliumkoncernens egna produkter och för OEM försäljning. 
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Glossary 
AMU  Audio Mixer Unit 
CAD  Computer Aided Design 
CFG  Consilium Fire and Gas 
CNAB  Consilium Navigation AB 
CPU  Central Processing Unit 
DCU  Data Collection Unit 
DIN  Deutsche Industri Norme 
DIN-Rail  Standardized Mounting System for Electronic Components 
EMC  Electro Magnetic Compatibility 
EMMA  Elektromagnetisk miljö användarhandbok 
FMV  Försvarets materielverk 
GNP  Gross National Product 
GPS  Global Positioning System 
IEC  International Electrotechnical Commission 
LPU-2  Log Processing Unit 2 
M 4.1  VDR main unit version 4.1 
M12  Industrial standard Ethernet Contact 
MRT  Treaded metric screw with a flat head and internal torx grip 
N10e  NMEA to Ethernet unit 
NMEA  Serial protocol which is standard aboard ships 
Orca  Native American name for killer whale 
ORCA  Cost reduction project for VDR at Consilium 
PBB  Portable Black Box 
PC   Personal Computer 
PCI  Style of connectors for bus systems. Usually found in PCs 
PDM  Power Distribution Module 
PDU  Protected Data Unit 
PSU  Power Supply Unit 
RGU  Radar Grabber Unit 
RJ45  Standard Ethernet Contact 
Rmb  Chinese Currency 
RnD  Research and Development 
SAL  Svenska Aktiebolaget Log 
SFC  System For Components 
S-VDR  Simplified Voyage Data Recorder 
TLA  Three Letter Abbreviation 
VDI  Verein Deutscher Ingenieure, German engineers guild 
VDR  Voyage Data Recorder 
VHF  Marine Radio standard 
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1 Introduction 
This Masters Thesis was written by an Industrial Design Engineering student from the 
Royal Institute of Technology during the winter of 2007 - 2008. The aim of the project is 
to reduce the cost of the mechanical parts of the main unit of a product of Consilium 
Navigation AB (1) called VDR (Voyage Data Recorder). The VDR market had lately 
been under severe price pressure, and at Consilium a project called ORCA was 
commissioned. In Figure 1 a full VDR system can be seen complete with a main unit, a 
power supply cabinet, a protected capsule, a portable black box and a display. 

The Problem Statement of the Masters Thesis can be found in Appendix 1 

Briefly the aim of the masters project was to thoroughly investigate the cost and trouble 
history of old VDR main units, and thereafter design a mechanically improved version of 
the M4.1 main unit. As this masters project coincided with the project ORCA at 
Consilium, the masters project has been closely tied to this project. The author of the 
thesis has worked closely with the ORCA development team, and instead of redesigning 
the M4.1, designed the new M4.6 version.  

 
Figure 1. This figure shows a full VDR system complete with main cabinet, power 

supply cabinet, protected capsule, portable backup box and display. 
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2 Method 
There are numerous methods in structuring an engineering project. This masters project 
was done for a company well versed in electronics, but with very little experience in the 
labor intensity when it came to mechanics. 

Usually companies are accustomed to working with different strategies for structuring 
product development. These strategies are usually named after someone in the company 
or a fancy named consulting firm, but tend to have roots in engineering traditions or 
engineering guilds. 

As Consilium Research and Development has no set process for product development or 
executing projects there was a freedom to choose a suitable strategy for the project at 
hand.  

Due to the great extent of the unknowns at the start of the project a flexible strategy for 
product development had to be chosen. 

VDI (Verein Deutscher Ingenieure) (2) is a very strong German engineering guild from a 
country with engineering traditions. This engineering guild supply its members and the 
industry with several services, amongst others they do research on how to best run 
engineering projects. A result of this research is VDI 2221 (3) which is an easily 
structured and flexible method for product development, just the thing to fit this project. 

2.1 VDI 2221 
VDI 2221 is a method which is by some (3) thought of as somewhat obsolete though this 
might be because they do not realize the beauty of the leftmost box, see Figure 2. This 
leftmost box only reads; Iterative proceeding, the meaning there of though is the greater. 

 
Figure 2. VDI 2221 is a German sourced plan for structuring engineering projects 
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This little box has captured the heart of engineering tasks as it allows the person 
following this method the freedom of choosing his or her path through the process. 

Some tasks are simple and require only a single leap around the brain to be solved, while 
others are much greater, like the 1969 moon landing that required the resources from a 
focused nation (4). 

If a smaller task could be followed through an experienced engineers head as it made that 
leap there would be some roadsigns flashing by. Some of the roadsigns would read things 
like; Clarifying and specifying requirements and Searching solution principles. These 
roadsigns are what VDI 2221 is striving towards putting to paper as this is the natural and 
rational way of organizing engineering projects, small or large. 

2.2 Time Plan 
The time plan of the masters project can be found in appendix 2. Here can be seen that 
the project is started through a research phase, which is summed up in a memo. Then a 
direction for further work is chosen. The further work is divided into two phases. First 
there is a concept development phase and then after roughly half time a concept is chosen 
and a detail engineering phase commences. At the end there is time reserved for editing 
the thesis. 
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3 Preliminary Study 
To establish the direction of the ORCA project a preliminary study was undertaken. 
During this study all parts of the company were involved in trying to define the demands 
and specifications for a new generation S-VDR/VDR.  

The main goal of the preliminary study was to find the direction for, and focus on, how to 
continue the ongoing process of price reduction. ORCAS’ goal was to quickly get a new 
generation VDR to market, with a cost not exceeding half of the old M4.1 systems.   

This first part of the thesis focuses on defining what the company wants from a VDR/S-
VDR systes. Special focus has been placed on what ailments older generations of VDR 
suffer from, as well as how total life cost can be reduced. 

3.1 The company, Consilium 
Consilium AB is a fully Swedish company that deals in high end marine electronics. It 
was founded in 1905 under the name of Svenska Aktiebolaget Logg (SAL) and sold 
pressure operated speed logs for ships. Over the years Consilium has survived and grown 
stronger as most other Swedish marine industries have faltered. Other companies with 
interesting technologies have been acquired over the years such as Salwico and Selesmar 
which were suppliers of fire alarms and radars. These companies still manufacture and 
develop market leading products though now under the name Consilium. 

Today Consilium AB is listed on the OMX Nordic stock exchange Small Cap list (5) it 
has a gross turnover of 768 MSek (6) with feasible plans for doubling this in two years. 

Consilium has 400 employees around the world with roughly 50 at the Stockholm office 
and another 50 in Gothenburg. Of the fifty persons in Stockholm only eight are employed 
by Consilium Research and Development. 

3.2 What is a VDR system 
Voyage Data Recorder or VDR, is the equivalent of the aviation industries’ black box 
and is a sophisticated computer designed register all information on the ships’ bridge. 
This information is stored in a protected data unit (PDU) for 12 hours and then purged. 
There is an IEC (International Electrotechnical Commission) (7) directive that defines 
what a VDR system should be and how it is to be tested, IEC 61996 (8). 

3.2.1 Functional demands 
There are numerous functional demands on a VDR and they are all summed up in the 
IEC 61996 document, to save some time the bottom line will be transcribed here. 

A VDR system is to record all information available on the ships’ bridge, all 
communication on the bridge and all communication to and from the bridge. The 
recorded information is to be correctly time stamped and saved in a protected data unit 
for a time of 12 hours. The VRD is to stop recording exactly two hours after the main 
power of the ship has been terminated. 

The information stored in the protected data unit should be retrievable after an intense 
long lasting petroleum fire has caused a ship to sink, and the remains of the hull are 
scattered on the bottom of the ocean at a depth of 6000 meters. 
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3.2.2 Environmental demands 
All equipment used aboard a ship or boat in commercial traffic is to comply with the IEC 
60945 environmental specification. (9) This specification is an attempt to quantify the 
harsh life electronics lead aboard a boat. 

Some of the demands set by this 177 page specifications are that all equipment should 
withstand being; 

• Shaken at frequencies from 1 to 100 Hz with a maximum sinodial acceleration of 
7 m/s2. At all frequencies where resonances can be found through unaided 
observation the test object should be shaken for a duration of 2 hours. During the 
entire test procedure the equipment should maintain full functionality. 

• Sprayed until soaked with a 5 weight percent salt water solution, then placed in a 
climate of 30 degrees Celsius with 95 percent relative humidity for a week, four 
times consecutively. After this period there should be no visible corrosion and no 
impediments to the functionality. 

• EMC; The apparatus should be unaffected from being lit up with a radar antennae 
from all possible angles. Furthermore it shall not radiate any electromagnetic 
disturbances on any important frequency, such as radar or VHF. 

All these specifications apply even though the cabinet will be mounted inside a climate 
controlled equipment room, close to the ships’ bridge. 

3.2.3 Customer Demands 
VDR is a product forced upon the customers by international rules. Therefore the 
customers are not prepared to pay much extra for an exceptionally good VDR. Simply, 
the VDR should be a box that keeps quiet and causes no trouble while costing as little as 
possible. 

3.3 Literature Search 
While searching for literature on the subject VDR, articles turned up a concerning 
tangential subjects such as; EMC for defence purposes (Emma 2 (10)), Industrial 
computers (Produktförbättring av PCQT:s industridator QT2004 (11)), Box building (Att 
konstruera en låda (12)) These documents have been influential in gaining an 
understanding to the ingoing parts of a VDR main unit. 

3.4 Initial Concept Development 
Three mock up main units were produced and exhibited in the education area at the 
CNAB headquarters, Henriksborg. These mock up models were produced to be a 
centerpiece of discussion as well as to examine weather the suggested concepts were 
feasible. Included in the specifications for ORCA was the wish to eliminate the extra unit 
for batteries and power, PSU.  

The mock up units were built from cardboard and hot glue and were mostly two-
dimensional. The mockups were built on a cardboard sheet roughly the same size of the 
old back plate from the M4 VDR and test fitted inside a M4 cabinet, see Figure 3. The 
figure shows the three different possible directions of project ORCA and a picture of the 
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main unit as it looks today. The three different directions are called Alpha Beta and 
Gamma. 

 

 
Figure 3. Top left; VDR cabinet today, top right; concept Alpha based on bought 

components. Bottom left; concept Beta based on in house components and 
bottom right; concept Gamma using the SFC concept. 

3.4.1 Alpha 

The Alpha concept is an attempt to rebuild the main unit using as many bought 
components as possible. The only components kept in house are the Consilium specific 
and strategically important RGU (Radar Grabber Unit) and AMU (Audio Mixer Unit) 
units. As main processing unit the controller circuit from a PBB (Portable Black Box) 
will be used, Center left in Figure 3. The internal network will be monitored by a 
standard Ethernet switch. NMEA will be imported using a N10e unit from Qe (13). 
Power and batteries will have a good chance of fitting in to the cabinet but it will be a 
squeeze. 
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3.4.2 Beta 
Beta is the in house line, it will include the old DCU (Data Collection Unit) interface card 
with an new LPU-2 (Log Processing Unit 2) derived CPU unit mounted behind it. It will 
also include in house AMU and RGU modules as well as a PSU from the SFC platform 
and a DIN mounting rail for optional components. 

3.4.3 Gamma 
Gamma is based on the SFC platform being developed by Consilium Fire and Gas in 
Gothenburg. It includes DIN-rail based CPU, NMEA and Switch as well as the in house 
RGU and AMU. Power supply and battery charger will also be imported from the SFC 
platform. This Concept includes an extra PDM (Power Distribution Module) including 
fuses for the power supply to the external units. 
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3.5 Internal Survey 
An internal survey was held at Henriksborg using semi structured interviews. 17 out of 
circa 40 employees at the head quarters were interviewed. The interviews were held in 
Swedish and summed up in a memo which was distributed around the company. the 
questionnaire, in Swedish, can be seen in appendix 3. The statistical outcome from the 
survey can be found can be found, in appendix 4, and in appendix 5 is a thorough 
analysis of the collected data.  

Bellow the survey is summed up in a more compact form. 

3.5.1 Company know how 
Most employees rated their knowledge of Service/After sales, Hardware and Company 
Strategy high while knowledge of Customers and Logistics was considered low. 
Knowledge of the VDR software was varying from extremely high to quite low.  

Logistics is one of the parts of the company that raises most opinions and feelings. 
Generally there is some mistrust from the rest of the company towards the logistics 
department. The interesting part comes from that most people who rate logistics low also 
say that they have a low knowledge of logistics. There seems to be a need for a general 
campaign of information to rectify the situation. 

3.5.2 Prioritizing 
One of the results of the survey was the realization; that the persons working on the ships 
were more interested in the aesthetics of the installation than it being functional and easy 
to work with. The rest of the staff at Henriksborg felt that an easy installation should 
come before aesthetics. 

A topic on to which the staff had trouble agreeing was whether it was more important to 
have low cost of spares than low production costs. Generally persons in sales and leading 
positions are more favorable to the idea of having low production costs. Spares are some 
thing that the company can earn money from. Furthermore it seems that the cost of spares 
is not generally what makes or breaks a deal. 

Service time is an important factor. It seems that the majority of the company is of the 
opinion that the VDR should be fast to service. The opinion is that the window of 
opportunity is often quite small, when it comes to service time in port.  

Another general point that is noticeable, when the employees are asked to prioritize, is 
the outcome of the recent quality problems with the M4 VDR. Most of the employees are 
more bent towards making a very solid easily serviced product than towards lowering 
production costs.  

3.5.3 Costs 
The answers to the survey were tainted by recent problems from the M4 generation VDR. 
Most people were interested in having a product that was easily serviced and furthermore 
were extremely interested in having a reliable product. This might lead to problems later 
on with the next generation risking to be overengineered and servicefriendly just to avoid 
similar problems. 
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Most of the staff feels that they are unenlightened when it comes to the costs of service, 
sales and installation. While they can give an accurate guess to the cost of an installation 
the guesses to the costs of service and sales are varied and out of the blue. Cost of 
production is a more known truth and most people guess at the same number, though 
some are stuck with an older figure. 

3.5.4 What breaks 
These questions were asked to find the attitudes of the staff at Henriksborg. This is 
important because what we think happens a lot, is also spread to the customers. In a new 
product it is important to show that these kinds of problems are eliminated or at least 
tended to. 

When asked to order things that break; most people tend to think it is the PDU (Protected 
Data Unit). The second largest category is unclear fault, where the service engineer 
exchanged a few parts based on an educated guess and got the system running again. 

Two other areas that worry people are software and problems with connections and wires. 
To be able to show tests on software and a structured way in which it was created is 
probably a way of levitating these concerns. The connector problem could perhaps be 
tendered to by investing in either a program mode that checks the state of the wires or 
instruments for wire fault finding. 

3.5.5 Valued Characteristics 
In one of the questions the staff was asked to; value different desirable characteristics of 
VDR products to see whether there were some characteristics that felt as if they should be 
highly valued and were not. 

The resulting scores for all characteristics were high, though there were some areas where 
the staff felt less motivated. The most noticeable area valued lower than expected was 
backwards compatibility. It seems the staff has recently felt that older products have been 
holding them back. 

Two other characteristics with low ratings were aesthetics and easy upgrades. 
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3.6 Mechanical Analysis of the M4.1 Main Unit  
As a result of the joint venture with Chinese Highlander, all control of assembly has been 
relinquished. From a recent problem with confidence for Highlander, there have been 
some efforts in the company to gain control of production plans and schematics.  

The idea was to gain a second source for assembly situated in Estonia. The Estonian 
company that was to assemble M4.1 units had to, in lack of available productionplans, 
reverse engineer a cabinet. The Estonia built products then became considerably more 
expensive (ca 30% extra). It is probable that a lot of this higher expense comes from 
increased labor costs. An early document from the joint venture with Highlander 
specifies that labor for one M4 costs either 2-5 months of labor from a Chinese factory 
worker, or one month from a Chinese engineer. This sort of assembly time is totally 
unacceptable should production be moved away from China. 

The computer cage of the M4 VDR has had tremendous problems with reliability. The 
reliability problems came from trouble positioning the PCI cards into the back plane.  

The Computer cage of the old VDR is made from many pieces. If each ingoing 
component has a tolerance span of x then the total tolerance span of the assembly Y 
becomes Y = xn where n is the number of ingoing components. This simple equation 
highlights the conclusion that; the more parts in the structure there are, the less likely 
things are to fit. Another problem which this equation shows is; that the more parts there 
are in a structure, the tighter individual tolerances have to be to maintain overall 
tolerance. Manufacturing components to tighter tolerances requires more machine time 
and more scrutinizing. This in turn comes back as a higher cost. 

The connection of cables inside the housing is unstructured at best. This is a time thief 
both at installation and at fault finding/service. 

The components inside the cabinet are mounted with many screws of different sizes and 
are designed to be mounted one after the other inside the cabinet. A design where all the 
components are assembled outside of the cabinet will save production time. Designing 
major components/systems to be easily removable will also expand the possibilities for 
rapid service and logically ordered spares. 

Overall the cabinet needs to be designed mechanically. The main aspects of the design 
should be design for assembly and design for service.  
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3.7 Fault mode analysis 
Fault mode analysis is a good way of determining which actions are to be taken, for 
making robust design. Here have been listed some of the plausible environmentally 
induced mechanical fault modes of a VDR main unit. It includes operation, installation 
and transportation. 

• Resonance in mounted components causes overload of the mounting brackets. 

• Resonance in cables causes excessive movement in wires. Excessive movement 
can lead to deformation hardening in the copper leads which causes the copper to 
go brittle and break. Excessive movement in the wiring can also dislodge the 
connector from its mounting place. 

• Resonance in internals of components causing material fatigue (for example failed 
batteries). 

• Impact during transport or operation causes the main unit internals to dislodge or 
deform. 

• High temperature in the cabinet causes overheating of components. 

• Low temperature during transport or storage causes damage to components. 

• Low pressure during transportation causing damage to components. 

• Build up of leading particles causes short circuits. 

• Condensation of water in combination with built up salt causes short circuits. 

• Clumsy or careless operator, who places tools wrongly, causes short circuits or 
electrocution. 

• Wire breakage, from material exhaustion or tampering, causes short circuit. 

• Operator, who connects power cables the wrong way, causes short circuit or 
signal errors. 

• Excessive use of contacts causes them to come loose from the soldering to the 
PCB. 

• Tools missing while mounting cables in the spring loaded connectors, hitting 
other components on the board, causes loosening or breakage of components. 

• Corrosion from the salty air causes signal loss. 

• All sort of tampering. 

• Wiring forming closed loops, causes EMC problems. 
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3.8 Cost Investigation 
Cost investigation is one of those things which have proved elusive. The company knows 
what they pay for a VDR main unit and they also know the costs of some of the major 
components. The elusive thing is what the rest of the costs are. It is logical that some of it 
goes to labor some to parts for mounting but which is which is hard to tell. 

3.9 Suggested Actions 
As the goal of the masters thesis is to produce a prototype for an improved VDR main 
unit, it is important to explore what actually makes it better. The following, is a list of 
suggested actions.  

• It is important to know how the main unit is put together to be able to make a 
qualified cost estimation and find a second source. 

• A mechanically designed product is also necessary for qualified quality control.  

• Design for assembly and service. Though labor is cheap in China it is 
unacceptable to have a product that demands hours of work for simple parts 
replacement. 

• Design for more than one assembly line. This will; reduce the cost of products in 
labor, speed up the assembly process and lower cost of stock. A lower assembly 
time also allows a faster response to market demands. 

• Design for easy logical and structured installation and service is vital to aide in 
CNAB’s aim for higher quality and faster service. 

A more complete list of recommended actions was put together and is to be found in 
appendix 6. 
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4 Concept Development 

This chapter describes the process of turning unspecified components and uncertain 
intentions into three focused concepts. 

4.1 Choice of Direction 
The winning candidate was the Gamma or SFC (System for Components) track. A new 
way of developing products developed and implemented by CFG (Consilium Fire and 
Gas). 

The first, largest and the most impacting of the products from SFC is the way of building 
fire alarm main units. CFG’s main units are mainly data collecting units handling large 
amounts of different signals. In theory this sounds exactly like a VDR and the similarities 
are striking. The main difference is the amount of data handled, usually 10 to 100 times 
larger in a VDR system. The lions part of the data in a VDR system though is sound and 
video, two types of data that CNAB already are good at collecting. 

On a ship there is one other main type of data to collect for a VDR system, NMEA. 
NMEA is a serial protocol which is the unofficial standard on all marine systems. ost 
systems that might be used on a ship, from a small hand held GPS to a large radar array, 
has a NMEA output on to which it sends its collected data and status. 

The NMEA protocol is relatively slow and has a relatively low intensity of the data,  
therefore it even more resembles the fire alarm protocols used by CFG. CNAB realized 
the potential for control of products and revisions gained by using a in house solution. 
CNAB also saw the volume benefits from collaborating with CFG. Volume helps in 
sourcing components as well as negotiating price. Collaboration between CFG and 
CNAB was started and the ORCA project became the ORCA SFC project. 

With this direction staked out all that was left was to decide what exactly this meant for a 
VDR system in electronics, programming and of course mechanics. 

4.2 The three Concepts 
The three concepts here presented are designed to encompass the information and goals 
brought forward during the preliminary study. 

They are not mutually exclusive but can rather be seen as ways of illustrating different 
ideas. These ideas can later be combined to a final product. 
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4.2.1 Quick and Dirty 
The easy way of getting reliable mechanics is not to change what already works. From 
the old M4.1 there are elements that are thoroughly designed and have proven reliable in 
the past. 

The quick and dirty approach to making a new S-VDR system is recycling as many parts 
of this as possible. In the ORCA case the recyclable parts are the EMC proof cabinet, and 
the solution with a bolted down back plane that acts as a component carrier.  

In Figure 4 a visual representation of this concept can be found. To the left is a virtual 
rendering of a possible ORCA VDR inside a standard M4,1 cabinet and to the right is a 
fully standard M4.1 VDR 

All components are bolted to the back plane reducing time in assembly. All SFC 
components are mounted to a DIN rail, which like the AMU, RGU and batteries are 
bolted in. 

Screw sizes have been reduced to one, M5, and the less crowded nature makes for easy 
servicing. 

 
Figure 4. This figure shows a rendering of the quick and dirty concept to the left and a 

photo of the existing M4.1 VDR to the right 
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4.2.2 Optimized for Service and Installation 
There is an outcry from Projects for something they call bottom termination. At the same 
time After Sales is asking for a way of making the unit tamper proof. This concept was 
developed to satisfy these two demands. 

Bottom Termination is a great idea installationwise as all incoming cables are to be 
directed to one rationally ordered place. When it comes to a full VDR system though, the 
amount of wiring can be extensive, as a normal VDR installation includes 100-150 cables 
with a minimum area of 1,5 square millimeters. This amount of cabling is hard to connect 
in a small place, therefore the size of the bottom terminators has been a limiting factor. 

 
Figure 5. This figure shows the Optimized for service and Installation concept, on the 

top left is the view that most people will encounter when they open the door 
to the VDR cabinet. Top left is a virtual piece of the cabinet cut away to 
show more of the inner workings of the cabinet. Bottom left and right shows 
the trap door being lowered. 
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The call for tamper proofing comes from After Sales as a lot of the service and warranty 
claims can be traced to tampering crewmen. The VDR is one of the first units that beeps 
when one of the ships systems is faulty. Usually the ailing system has a built in error 
handling that makes it stay silent longer. As a result the VDR is blamed and the crew 
often tries to fix the problem at sea as to avoid costly service delays at port. With the old 
VDR system critical components were exposed and curious poking could easily lead to 
the need for replacement of components. In modern cars a tamper shield is usually 
installed over the engine and its auxiliary components. If the same idea could be applied 
to the ORCA S-VDR it might discourage from tampering. 

In the concept for service and installation the two ideas have been combined, all 
incoming cables are to be connected to a metal door in the VDR. Behind the metal door 
there is an internal wiring loom that connects to the necessary components. To reach the 
internal part of the VDR the trapdoor has to be unbolted at the top. Introducing this 
amount of extra work could in theory make the mental jump to tampering longer thus 
keeping curious fingers out, for a more graphic presentation se Figure 5. 

4.2.3 Optimized for Production 
At the same time as the ORCA project was running at CNAB a project called SFC has 
been running at CFG. The SFC project is aimed at reducing costs for CFG through a 
modularization of the included components. The ORCA project quickly decided to jump 
on the SFC train componentwise. Included in the SFC system is also a range of cabinets, 
which are to cost one tenth of the M4 cabinet. 

It is very tempting to take one more step towards the SFC projects in using their cabinets 
as well. Here in lies the problem though, the SFC cabinet is not EMC proofed. In the SFC 
concept lies the demand that all ingoing components should be both EMC quiet and EMC 
shielded to a satisfactory extent, IEC 60945. 

The ORCA RGU (Radar Grabber Unit) and AMU (Audio Mixer Unit) are not in 
compliance with either of these criteria, due to the much higher clock frequencies 
involved, and therefore have to be placed in some sort of EMC proof container. Even 
though this container could cost a lot of money to produce it is still likely that the total 
price of the product might be lower than using a M4 cabinet. 

On top of these arguments there are also marketing advantages to the companies graphic 
and product profiles to use as similar cabinets as possible. 

A virtual rendering of this concept can be seen in Figure 6. Notice the lack of a separate 
back plane as the DIN rails and other mounting points are welded directly to the back of 
the cabinet. To EMC proof the AMU and RGU while still leaving them accessible a small 
internal box has been added that can fold down exposing its internals. 
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Figure 6. This figure shows the optimized for production concept. Notice that the 

cabinet is smaller which in turn makes the mounting brackets look bigger. 
The main feature of this concept is the small opening box seen unfolding. 
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4.3 The execution 
The realization of the final concepts has been a process of two steps forwards and one 
back, each new idea bringing two good things and one bad. The main tools used have 
been No 2 Pencil, white A3 Paper, Google (14), and Solid Edge (15). Sometimes a few 
markers have been used. 

4.3.1 Sketching 
As a tool for bringing out new ideas and comparing geometries pen and paper has been 
great companions. Several ideas have been explored, developed and then summarily 
scraped. Below in Figure 7 are some photos of my office wall showing several of the 
proposed layouts for the ORCA S-VDR. 

 

 
Figure 7. This figure shows some of the walls in my Henriksborg office and the 

sketchwork spread out for remembrance and inspiration. 
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4.3.2 Component Searching 
As this project has been for a small company with limited mechanical resources, using 
readily available standard components is important. As a novice mechanical engineer, the 
knowledge of what components are to be used, in which place, for what purpose, from 
which supplier, and at which cost has proven elusive. A great help in this has been the 
World Wide Web, as sorted by Google.  

4.3.3 Fasteners 
Choosing a type of fastener might have been one of the hardest things in this project. 
There are many different types from normal bolts (16), quarter turn bolts (Dzus (17)), 
snap fasteners (plastic (18) as well as metal (19)), welding, soldering, tape (20) and glue. 

For the choice of fasteners, standard MRT M5x8h fzb (21) bolts have been selected. Most 
bolts are mated to self clinching nuts, a common way of connecting sheet metal. This 
system is not the most price effective, and the relatively large size of the thread might 
seem unreasonable. There are reasons for this though, bolt to clinch nut is the dominant 
way of fastening in the VDR M4 cabinet. Though in this cabinet the dimensions vary 
from M2,3 to M6.  

M5 is one of the smallest screw sizes which is not easily sheared off though normal force 
of hand. M5 is also large enough to be easy to hold and mount on a ship at sea, battling 
engine vibrations and slamming of North Sea waves, conditions which CNABS service 
engineers encounter. 

The choice of one bolt size both in length and dimension for all component fastening will 
also lead to fewer parts numbers, fewer spare parts and more organized service. 

There are some deviations from this forced through necessity, though the goal is one 
single bolt size for all sorts of fastening. 

4.3.4 Mockups 
To aide the work in configuring the ORCA S-VDR several techniques have been utilized. 
The first mock up of an ORCA was during the initial concept development, where a 
mock up of the Phoenix ME modules (22), in the SFC Gamma concept, was built out of 
cardboard plastic sheets. Other mock ups at this stage were 2D models with photo 
printouts of the ingoing components glued to cardboard plastic, se Figure 3. 

Parallel in the ORCA project a new AMU was being developed to replace the existing PC 
based solution. During this project some mechanical problems arose as to placement of 
connectors and holes for mounting. To get a more detailed basis for discussion the new 
AMU was also modeled in a 2,5 dimensional way. Being built from mainly PCB cards 
and PCB standoffs, a semiscale mockup could be built from cardboard plastic. Se Figure 
8 
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Figure 8. This figure shows a mockup of the new AMU (Audio Mixer Unit) to the right 

and a Nokia 6300 Cellphone to the left for size comparison 

In later work actual Phoenix ME modules, Figure 9, were purchased and examined, 
complete with different types of connectors and a DIN-rail. At this stage a more realistic 
mockup could be made using an old M4 box. 

 
Figure 9.  Shows the empty Phoenix ME capsules as they arrived at Henriksborg 
The mockups that really stole the show were when CAD renderings were presented. 
These relatively simple renderings showed in an easy fashion the progress and the 
possibilities to the noninvolved, se Figure 10. Simply it proved a good way for the project 
lead to show both progress and point out the way forwards. 
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Figure 10. Shows a virtual rendering of the ingoing components in a S-VDR main unit 

4.3.5 CAD 
All of the CAD drawings have been made in Solid Edge v18. This is due to the fact that 
Solid Edge supplies an academic version, free of cost, to students. 

From the internet parasolids, of most of the, standard components, such as Phoenix 
capsules and contacts, could be found. These parasolids were combined with solid part 
components and sheet metal components created in Solid Edge to form full assemblies of 
VDR cabinets. 

The resulting CAD models are then easily utilized for a preliminary evaluation of the 
geometry, such things as accessibility, tolerances, and aesthetics.  

The CAD phase is not the best place for making innovations and big revisions since there 
is a lot of work involved with creating brand new models and assemblies. Therefore this 
tool was mainly utilized during the second half of the thesis. 
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4.4 A Choice of Direction 
The choice between different prototypes or concepts is a very hard thing. In theory there 
are a lot of different structured ways of doing this that could be utilized, things like QFD 
houses, and Pugh’s decision matrix. This section strives to show how the decision was 
made in the ORCA project and then to compare it with how it could have been made. 

4.4.1 How it happened 
The three concepts were presented at a project meeting. Present at the meeting were 
representatives from RnD, production, sales, and Leab, the company which is to produce 
the ORCA S-VDR. The three concepts were presented as digital renderings with small 
animations in a PowerPoint presentation. Collected at the end of the presentation was 
some of the statistics from an evaluation, these were not gone through to a deeper extent. 

After the presentation there was a small discussion and a decision was made mostly on 
the gut feeling of the project lead and the product owner. The decision was to further 
develop all three concepts, the first for being safe, the second for curiosity and the third 
for monetary reasons. After some deliberation the first concept was considered to be left 
undeveloped as this would require relatively little work later and it represented a very low 
level of novelty. 

4.4.2 How it could have been done 
As mentioned earlier there are several methodical ways to approach decision making. 
Most involve some way of setting up criteria against which the ideas are measured. The 
criteria are often drawn from such things as the bill of demands, customer surveys, 
internal surveys, and strategic choices. The different criteria are then, through some 
process, rated internally to reach their respective value or rank. 

The ideas or concepts are then measured to the criteria based on the feelings, thoughts 
and knowledge possessed by the involved project participants. 

These ways of working have some advantages from which two stand out. Firstly it is an 
easy way for the involved people to reduce the amount of conflict, which is inherent to 
this type of decision making. Secondly if executed correctly the process of reaching the 
criteria can help in gaining further insight into the problem, as well as helping the project 
to reach a similar vocabulary to be used when discussing the project. 

4.4.3 Thoughts about formalization 
As mentioned earlier, during this thesis work no real theoretic model was applied to the 
decision process. As the time for the concept presentation grew closer, the less applicable 
all the theories seemed to be.  For the theoretical processes to work well, all involved 
people have to have knowledge about the working limits and results from the process. It 
is also important to feel comfortable with the rating of the criteria and the extent to which 
they can be fulfilled. 

As I was alone in the process of mechanical development there would have had to be a 
great deal of education of the other team members to make them understand the reasons 
behind the values.  
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A lot of the theoretical work vas carried out as fast sketches on a paper, though the only 
results that were ever presented were the easily quantified things as estimated costs and 
number of ingoing components. As to how the different concepts fulfill softer values, 
such as ergonomics (both physical as well as information), aesthetics, functionality, and 
branding, there are things that are not so easily put on paper. 

Still as I sat there grinding my nose to the computer, I still felt a longing towards some 
kind of formalization on which to lay some of the responsibility, as well as a help in 
communication with the rest of the project what I was contemplating. 
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5 Prototype Design 
After the choice of direction was made there was a great deal of work to be done. The 
idea of making two sets of formal production drawings, for two different prototypes 
which were not yet fully mechanically designed in 4 weeks was to say the least, 
ambitious. 

Nevertheless this was what was attempted as it was of great importance to the company 
to have something tangible to evaluate. 

5.1 Two Prototypes 
As stated earlier there were two prototypes to be designed, this did prove too much to be 
done in as short time. Thus the endresult was one physical prototype and one conceptual 
prototype. The two prototypes are called, The Drawbridge and Box in a Box, and are 
described below. 

5.2 The Drawbridge, (Optimized for Service) 
The Drawbridge is a further development of the concept, Optimized for Service and 
Installation. The reworking of the concept was mainly focused on realizing the 
possibilities for production, things such as cable duct sizing, EMC interference, electrical 
security, information ergonomics, and ease of assembly were also considered. 

5.2.1 Defining Features 
The main defining feature of the Drawbridge concept is the front connector plate from 
which the concept has got its name. This front plate was reworked for ease of 
manufacturing as well as for greater information ergonomics. For ease of production the 
geometry was simplified and the horizontal strengthening was removed and replaced with 
two extra support brackets from the back plate. Further the RGU was moved back to the 
bottom of the S-VDR. The movement of the RGU enabled a more logical and better 
organized placement of the connectors and the Ethernet cabling. The Ethernet connectors 
were also changed from RJ45 to M12 a more reliable and industrialized standard for 
Ethernet connectors. Figure 11  

More detailed information on the concept The Drawbridge can be found in Appendixes 7 
and 8 which include the prototype drawings and Bill of Materials. Please remember that 
all of these documents are on a prototype level, the mechanical built in gremlins, 
assembly time, and cost of components could probably be as much as halved with a few 
extra weeks of design put into it. 

5.2.2 Strengths 
The Drawbridge capitalizes even more on separating the installation technicians from the 
electronics. Now the trap door is held up by six M5 Nyloc bolts which have to bee 
removed with tools. Not a complicated tool, a simple monkeywrench will do, but this still 
makes the cognitive step towards fiddling even higher. 

The Drawbridge is also extremely optimized towards assembly as all components are 
logically and easily bolted to the back plane which can be fully assembled outside the 
box. 
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Figure 11. Showing to the left an M12 industrial Ethernet connector and to the right a 

RJ 45 Ethernet connector. 

5.2.3 Weaknesses 
The Drawbridge induces about 300 extra connection points which can corrode or break 
due to vibration. The 300 extra points are to bee seen in relation to the estimated 1000 
connection points already existing inside a VDR cabinet and the estimated 2000 
connection points outside of the VDR cabinet involved in a VDR installation. 

Furthermore the Drawbridge has almost twice as many parts as the Box in a Box concept 
and about one third as many as the quick and dirty concept. The extra ingoing parts are 
sadly not of the low price kind, which almost doubles the cost of the mechanics. The cost 
of the mechanics is on the other hand about 10 percent of the total price of a VDR cabinet 
and about 5-10 percent of the cost of one single service call. 
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5.3 Box in a Box, (Optimized for Production) 
Box in a Box is a further development of the concept Optimized for Production. Box in a 
Box has reduced the number of parts compared to the quick and dirty concept by 30 
percent. It has also halved the cost of the mechanical components. The resulting concept 
is therefore even more appetizing than before. There are some great drawbacks, these will 
be discussed below. 

More detailed information on the concept can be found in appendix 9 which shows 
prototype drawings. These drawings are not as much to be seen as bases for production as 
a way of illustrating an inexpensive way of building small EMC proof boxes in small 
series. The dimensions of the box still has to be adapted to fit snugly inside a SFC cabinet 
as well as giving ample room for the service engineers to do maintenance. 

The work on Box in a box was never completed for two reasons. Firstly there was a time 
issue, the completion of this prototype was threatening the time plan. This was not as 
much of a problem as were the then current dimensions for the SFC cabinet, which were 
not permitting this solution. In Appendix 10 is a report which was written on this subject. 
With recent changes of the dimensions of the SFC cabinet the Box in a Box solution is 
again viable. A good suggestion from David Leman (23) is to place the EMC proof box 
in the place where displays are normally mounted in the cabinets, in this location there 
are already suitable mounting points. 

5.3.1 Defining Features 
The defining features of this concept are the Box inside of the Box, and the SFC cabinet. 
The SFC cabinet is setting a new design standard in the industry, will more closely tie the 
different branches of Consilium together, is cheep to produce, and has been adapted to fit 
the Phoenix modules and all necessary equipment to sustain these.  

The box inside is a necessity brought on by the lack of EMC proofing in the SFC cabinet. 
The RGU and AMU units of the CNAB VDR system are not EMC shielded and therefore 
have to be placed inside of a EMC proof container. This container has to include some 
sort of passage for 56 cables with an area of 1,5  square millimeters. The Passage in itself 
has to be EMC shielded which is done by adding an EMC trap.  

The simplest EMC trap is, according to FMV’s publication Emma part 2 page 99, a pipe 
with the right dimensions. The cable passing though the pipe has to be shielded on the 
outside of the EMC-shielded area, and the cableshielding has to be attached at the 
passage. In the suggested box an accordingly dimensioned pipe has been integrated into 
the design. 

5.3.2 Strengths 
The main strengths of the Box in a Box concept are market related. Both a reduction in 
price as well as the more collected graphic profile with CFG brings joy to anyone 
involved in sales. 
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5.3.3 Weaknesses 
There are two main weaknesses. Firstly the time table; The ORCA and SFC projects are 
both hardpressed for time. To get involved in the SFC cabinet brings on extra 
possibilities for delays, delays that in the ORCA project will prove extremely costly. 

The second main weakness is the box in the box. This type of product is something 
unknown for CNAB which surely means that there are some yet unknown problems 
involved in the concept. These unknowns might also bring on delays. 

5.4 Purpose of the Prototypes 
The two prototypes have different purposes, however both can be summed up with one 
word; Evaluation.  

For the Drawbridge the idea is that the simplified connections and the psychology aspects 
will lead to reduced installation time, fewer cases of faulty installations and fewer service 
cases from tampering. 

For the Box in a Box the purpose is more to evaluate the potential problems with cooling 
as well as validating that the idea with the built in EMC trap actually works. 
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6 Results 
The results from this thesis are not as tangible as can be wished for. One of the bigger 
things that have happened is a new awareness in the company that there is a need for 
mechanical design of the products. 

6.1 The Drawbridge 
From this concept there is a mechanical prototype under production due to arrive shortly 
after this masters project is finished. This prototype will be displayed at the company and 
the benefits of the trap door will be evaluated. 

6.2 Box in a Box 
From this concept no prototype will be built at this point. It is still a viable idea but there 
were too many complications for a satisfactory prototype to be developed. 

From this Concept two things have sprung up. Firstly; is the idea and drive to go in this 
direction with the VDR. Secondly; the possibility for building inexpensive small boxes in 
small series, whether they are to be installed inside a VDR cabinet or as stand alone units 
opens new avenues of business for CNAB. 
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7 Discussion 
This Masters thesis has been a learning experience both for me as well as for the 
employees at Henriksborg. The results are not as clear cut and simple as might have been 
hoped for. There are even great chances that none of the two solutions provided will be 
used. This is not due to discontent on CNABs side but rather an effect of the constricted 
time frame. When it comes to the drawbridge concept I am convinced that this is a good 
way to go, and that it will increase reliability and confidence for the VDR system. The 
difficulties lie in proving that something that adds a considerable amount of money to the 
manufacturing price will actually save expenses further down the road. 

Whether this will be proven or not is probably something to discuss later when the 
prototype arrives. 

The other part of the result was a concept for manufacturing a small EMC-proof box. 
Rittal charges 1800 SEK plus vat for a EMC-proof box of comparative size. A box which 
is not tailor made to suit CNABS purposes and therefore needs modifications to be used. 
The suggested way of building boxes allows for tailor made easily accessible boxes at 
costs that should come in at half of Rittal’s. Furthermore the way of building the box 
means that the size can be easily changed allowing for tailor-making new boxes on the 
same line with minimal change in tooling. This small box might be a perfect way of 
dispersing units for both VDR, and bridge systems. 
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Appendix 1. Problem Statement, Masters Thesis 
Bakgrund 
Consilium säljer en produkt av typen VDR (voyage data recorder) som i folkmun även 
kallas svart låda. I VDRen ingår flera olika komponenter men huvudenheten, som huserar 
processorkraft, närminne, signalbehandling, kabelingångar och eventuellt 
backupbatterier, behöver en översyn för att vara konkurrenskraftig även i framtiden. 

De främsta problemen ligger i att marknaden för VDR är under hård prispress. Dagens 
VDR lider även av tillförlitlighetsproblem.  

Prispressen på marknaden har lett till minskad lönsamhet, men Consilum tror att de 
genom att anpassa konstruktionen mer för produktion och montering kan reducera sina 
tillverknings- och installationskostnader. 

Tillförlitlighetsproblemen tror Consilium till stor del beror på den extrema miljö med 
mycket vibrationer, fukt, salt och värme som apparaturen utsätts för. 

Consilium är även intresserad av att profilera sig mer genom att, på ett konstandseffektivt 
sätt, anpassa det kunden ser av produkten att närmare passa Consiliums CI (corporate 
identity) och kärnvärden.  

Uppdrag 
För att öka konkurrenskraften och tillförlitligheten hos Consiliums VDR skall, Torbjörn 
Paulson, som examensarbete för inriktningen industriell design på KTH, undersöka och 
föreslå modifikationer av huvudenheten med avseende på 

• Produktionsanpassning  

• Tillverkningsanpassning 

• Vibrationsdämpning  

• Värmeavledning 

• Modularisering 

• Installation 

• Företagsidentitet 

 

Leverabler 
Vid avslutat examensarbete skall en rapport, samt en prototyp inlämnas.  
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Appendix 2. Time Plan Masters Thesis 
Arbetsplan Exjobb 
Tiden fördelas enligt Gantschema där olika rubrikers innehåll beskrivs nedan. Skulle 
vecka 1 sammanfalla med kalendervecka 40 kommer delpres 1 att kunna ske på fredagen 
den 16 november. Skulle så vara möjligt krävs dock viss hast. 

Research 
Syftar till att sammanställa vilka problem VDRens huvudenhet har i verkligheten. 
Information kommer att inhämtas genom 

• Intervjuer med montörer 
• Intervjuer med RnD 
• Intervjuer med säljare 
• Undersökning av leverantörer 
• Felmodsanalys 
• Insamlande av felstatistik 

Sammanställning Data 
Undersökningen skall sammanställas i statistik och i ett kapitel i ex-jobbsrapporten och 
skall därefter ligga till grund för en kravspecifikation, samt fortsatt arbete. 

Under denna fas skall även en PM och eventuellt en rapport sammanställas.  syftet är att 
redovisa resultatet av undersökningarna samt dra slutsatser om vilka åtgärder som kan 
vidtas 

Delpres 1 samt spårval 
Delpresentationen skall ges för handledare både på Consilium och KTH, optimalt vid 
samma tillfälle. Därefter skall en diskussion föras angående vilka av de föreslagna 
åtgärderna från PMn som skall utforskas. Vid detta tillfälle skall även ges möjlighet till 
att i begräsad usträckning och i samförstånd med alla parter införa övriga mål med 
konstruktionsarbetet. 

Konceptframtagning 
Från föreliggande kravspecifikation och PM skall cirka tre olika koncept framtagas för 
analys. 

De tre olika koncepten är till för att belysa och undersöka olika vägar som 
nykonstruktionen skulle kunna ta. Ett koncept kan redovisas enbart i skriftlig form men 
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för tydlighetens skull bör både en skissartad ritning och en mockup göras av de tre olika 
koncepten. 

Konceptval 
Inför halvtidsavstämningen skall koncepten analyseras med olika metoder tex. QFD, 
Pughs metod och kriterievikt. Utifrån detta skall en resultatsammanställning i form av en 
PM  göras, som skall ligga till grund för ett beslut om slutkoncept. 

Slutkonceptet behöver inte och ska kanske inte heller bestå av ett koncept i sin helhet 
utan bör vara en syntes av de goda sidor som framkommit vid de olika koncepten. 

Beslut om vad som skall ingå i slutkonceptet ligger till stor del hos Consilium men skall 
ske i samråd med KTH. 

Halvtidsavstämning 
Halvtidsavstämning skall ske i möte med representanter från både Consilium och KTH 
och syftar till att utvärdera samarbete, uppgift och process. Vid halvtidsmötet skall även 
diskuteras huruvida de uppsatta målen och kravspecifikationen är rimliga samt hur 
tidsplanen efterlevts så långt. 

Detaljkonstruktion 
Vid denna fas skall själva prototypen konstrueras och om tiden tillåter även tillverkas. 
Denna del är, i mycket, avhängig av kravspecifikationen och närmare tidsplan för 
detaljkonstruktion bör diskuteras vid halvtidsavstämningen. 

Provning av hypoteser 
Ett flertal olika hypoteser kommer att ha implementerats under projektets gång och skall 
utvärderas. Utvärdering skall ske löpande men framförallt vid formulering av kravspec, 
konceptval och utvärdering av slutprodukt.  

Målet är att alla hypoterser som presenteras i rapporten skall befästas med någon form av 
empirisk undersökning. 

Sammanställning av data 
Under projektet kommer en stor mängd data att ackumuleras och även om mycket 
dokumentation kommer att ske löpande behövs fortfarande en del tid avsättas på slutet 
för sammanställning. Sammanställningen kommer i stort att bestå av att sammanfoga data 
till ex-jobbsrapporten. 

Slutpresentation 
Slutpresentationen kommer att ske på KTH i närvaro av representanter från KTH, 
Consilium samt familj och vänner till Torbjörn Paulson. Under slutpresentationen 
kommer åtgärder att vidtagas för att inte avslöja information angående 
företagshemligheter och eventuella patent. 
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Appendix 3. Internal Survey 
An internal survey has been carried out to establish the attitudes of the staff at Consilium 
in Henriksborg. The survey was also designed to penetrate knowledge locked in the staff. 
Consilium has had mixed results in their efforts to follow up which parts of their products 
have been the real causes for trouble. 

 

Enkät, ORCA 
 

Tilltalsnamn,  

E-post 

Position 

 

 

Arbetsuppgifter 

 
 

 

 Egen skattning, på en skala mellan 1 och 10, av kunskapsnivå inom 

• Service/ After Sales 

• Ekonomi/Logistik 

• Mjukvara 

• Hårdvara 

• Kunder 

• Företagsstrategi 

 

 Kostnader i produktlivscykel, uppskattat 

• Kostnad för försäljning, tkr 

• Tillverkningskostnad, tkr 

• Installationskostnad, tkr 

• Servicekostnad, tkr 
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 Vad ger intäkter (1-10) 

• Utseende 

• Options 

• Funktioner 

• Pålitlighet 

 

 Vad kan få kunden att betala extra? 
 

 

 

 Felstatistik, vad går sönder på VDR (1 till 10) 

• Batteri 

• PSU 

• Kapsel 

• Audio 

• Video 

• NMEA 

• Sladdar/kontaktproblem 

• Remote Display 

• Mjukvara 

• Oklart (Reparatören bytte lite delar på känsla) 

 

 Hur ofta får en VDR service i genomsnitt? 

• En gång per vecka 

• En gång per månad 

• En gång per kvartal 

• En gång per år 

• En gång varannat år 
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 Andelen av installationstiden utgörs av: på en skala (1 och 10) där 1 är snabbast 

• Installationstid i skåpet 

• Kabeldragning 

• Signalsökning 

• Installation övrig utrustning 

• Projektering 

• Resor 

• Övrigt 

 

 Vad kan göras för att minska installationskostnaden? 
 

 

 

 

 

 Vad väljer kunden 

• Snabb installation vid kaj 

• Tidskrävande installation under drift 

 

 Vad tycker kunderna att Consilium gör bra? (1-10) 

• Hög kvalitet 

• Bra pris 

• Enkla att samarbeta med 

• God tillgänglighet 

• Avancerad teknik 

• Svenskheten 
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Vad vill kunderna att Consilium skall bli bättre på? (1-10) 

• Hög kvalitet 

• Bra pris 

• Enkla att samarbeta med 

• God tillgänglighet 

• Avancerad teknik 

• Svenskheten 

 

 Vad vill vi framhålla till kunden? (1-10) 

• Hög kvalitet 

• Bra pris 

• Enkla att samarbeta med 

• God tillgänglighet 

• Avancerad teknik 

• Svenskheten 

 

 Hur bråttom är det att ersätta existerande VDR/S-VDR (M-4) 

• 3 månader 

• 6 månader 

• 12 månader 

• 18 månader 

• 24 månader 

 

 Önskad livslängd VDR 

• 1 år 

• 3 år 

• 5 år 

• 10 år 

• 15 år 
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 Vad är Consiliums strategiska styrkor? (1-10) 

• Teknik 

• Försäljning 

• Logistik 

• Service 

• Kundanpassning 

 

 Nämn några konkurrenter till Consilium samt en styrka de har 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Värdera koncepten enligt magkänslan (1-10) 

• Alfa (köplösning) 

• Beta (In house) 

• Gamma (SFC Göteborg) 

• Delta (Highlander B3) 

• Inte insatt 
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 Värdera egenskaper (1-10) 

• Enkel tillverkning 

• Låg TK 

• Enkel installation 

• Estetisk installation 

• Enkel service 

• Möjlighet till senare uppgradering 

• Bakåtkompatibilitet 

• Driftsäkerhet 

• Kontroll över tillverkning 

• Kontroll över kunskapen om det mekaniska 

• Kontroll över kunskapen om det elektriska 

• Kontroll över kunskapen om mjukvaran 

• Kvalitetskontroll 

• Enkla reparationer 

• Snabb service 

• Användbarhet för operatör 

 

 Välj mellan 

• Snabb service (  ) / Billig service (  ) 

• Låg TK (  ) / Låg servicekostnad (  ) 

• Pålitlighet (  ) / TK (  ) 

• Lätt installation (  ) / Snygg installation (  ) 

• Lång livslängd (  ) /  Rätt Livslängd  (  ) 

• Modularitet (  ) / Snabb tid till marknad (  ) 

• Billiga reservdelar (  ) / Låg TK (  ) 

• Miljövänlighet (  ) / TK (  ) 
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Appendix 4. Results from Internal Survey 
Here are all the questions represented from the survey. There numbers are based on 
interwiews with 17 of the staff of 45 at Consilium Navigation in Henriksborg Stockholm. 
The people chosen for the interviews were selected on account of their involvement in the 
VDR product. 

 medel median 
std 
avikelse

Kunskaper inom    
Service / Aftersales 6,25 7,00 2,27
Ekonomi / Logistik 4,94 5,00 2,14
Mjukvara 5,38 4,50 2,92
Hårdvara 6,69 6,50 2,47
Kunder 5,69 5,50 2,68
Företagsstrategi 6,19 7,00 1,97
    
Kostnader i produktlivscykel    
Försäljningsomkostnader 21,60 20,00 19,53
Tillverkningskostnad 60,44 68,50 29,20
Installationskostnad 26,58 27,00 18,01
Servicekostnad 13,94 9,95 11,37
Summa 119,69 120,00 47,08
    
Vad ger intäkter    
Utseende 4,25 4,00 1,81
Options 7,13 7,00 1,78
Funktioner 6,72 7,00 2,07
Pålitlighet 8,88 10,00 1,59
    
Felstatistik: Vad går sönder på VDR. 10 betyder ofta    
Batteri 3,63 3,00 2,33
PSU 4,06 3,50 2,26
Kapsel 7,38 7,50 1,86
Audio 3,72 3,50 1,51
Video 4,28 4,00 1,90
NMEA 3,13 3,00 1,45
Sladdar/Kontaktproblem 5,44 6,50 2,76
Remote Display 2,19 1,50 1,83
Mjukvara 5,56 5,00 2,25
Oklart (Reparatören bytte på känsla) 5,97 6,00 2,04
    
Hur ofta får en VDR service i genomsnitt? ggr/år 1,84 2,00 1,00
    
Andelen av installationstiden utgörs av    
Installationstid i skåpet 4,38 4,00 1,98
Kabeldragning 7,77 8,00 1,59
Signalsökning 5,46 5,00 1,51
Installation övrig utrustning 5,08 5,00 2,06
Projektering 5,04 5,00 2,11
Resor 5,15 5,00 2,23
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Vad väljer kunden, 1 = snabb installation, 0 = 
installation under drift 1,00 1,00 0,00
    
Vad tycker kunderna att Consilium gör bra?    
Hög kvalitet 6,59 6,75 0,95
Bra pris 6,25 6,00 1,73
Enkla att samarbeta med 6,19 6,75 1,81
God tillgänglighet 6,31 7,00 1,70
Avancerad teknik 6,22 6,00 1,20
Svenskheten 5,66 6,00 2,71
    
Vad vill kunderna att Consilium skall bli bättre på?    
Hög kvalitet 8,00 8,00 1,79
Bra pris 8,38 8,00 1,71
Enkla att samarbeta med 7,94 8,00 1,91
God tillgänglighet 7,87 8,00 2,10
Avancerad teknik 5,00 5,00 2,25
Svenskheten 4,75 5,00 1,73
    
Vad vill vi framhålla till kunderna    
Hög kvalitet 8,31 8,00 1,49
Bra pris 7,91 8,00 1,88
Enkla att samarbeta med 8,63 8,50 1,50
God tillgänglighet 8,70 8,00 1,13
Avancerad teknik 5,25 5,00 2,46
Svenskheten 5,25 6,00 2,27
    
Hur bråttom är det at ersätta befintlig S-VDR i månader 11,09 12,00 4,47
    
Önskad livslängd VDR i år 7,13 5,00 3,01
    
Vad är Consiliums strategiska styrkor    
Teknik 6,81 7,00 0,91
Försäljning 6,75 7,00 1,88
Logistik 4,38 4,00 1,67
Service 6,56 7,00 1,97
Kundanpassning 6,00 6,50 2,19
    
Värdera koncepten enligt magkänslan    
Alpha, köplösningen 4,36 4,00 2,16
Beta, in house 5,73 6,00 1,56
Gamma, SFC 7,50 8,00 1,12
Delta, Highlander B3 1,73 1,00 1,19
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Värdera egenskaper    
Enkel tillverkning 8,38 8,50 1,71
Låg TK 8,06 8,00 1,73
Enkel installation 8,88 9,50 1,41
Estetisk installation 6,94 7,00 2,02
Enkel service 8,94 10,00 1,48
Möjlighet till senare uppgradering 8,44 8,00 1,36
Bakåtkompabilitet 6,63 6,50 2,28
Driftsäkerhet 9,06 10,00 1,44
Kontroll över tillverkning 8,31 8,50 1,74
Kontroll över kunskapen om det meknaiska 7,81 8,50 2,29
Kontroll över kunskapen om det elektroniska 8,06 8,50 1,91
Kontroll över kunskapen om mjukvara 9,19 10,00 1,28
Kvalitetskontroll 9,00 9,50 1,15
Enkla reparationer 8,50 8,00 1,15
Snabb service 8,13 7,50 1,67
Användbarhet för operatör 8,88 9,00 1,15
    
Välj mellan vänster = 1 höger = 0    
Snabb service / Billig service 0,94 1,00 0,25
Låg TK / Låg servicekostnad 0,25 0,00 0,45
Pålitlighet / TK 0,81 1,00 0,40
Lätt installation / Snygg installation 0,63 1,00 0,50
Lång livslängd / Rätt livslängd 0,13 0,00 0,34
Modularitet / snabb tid till marknad 0,81 1,00 0,40
Billiga reservdelar / Låg TK 0,38 0,00 0,50
Miljövänlighet / TK 0,38 0,00 0,50
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Appendix 5 Analysis of Collected Data from Survey 
Company knowhow 
Most employees rated their knowledge of Service/After sales, Hardware and Company 
Strategy high, while knowledge of Customers and Logistics was considered low. 
Knowledge of the VDR software varied from extremely high to quite low.  

Logistics is one of the parts of the company that raises most opinions and feelings. 
Generally there is some mistrust from the rest of the company towards the logistics 
department. The interesting part is to realize that most people rating logistics low as a 
strategic strength of the company, also say that they have a low knowledge of logistics. 
There seems to be a need for a general campaign of information to rectify the situation. 
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Figure 12. This graph shows how the Consilium employees valued their knowledge of 

the company. From the left the characteristics are; Service / After Sales, 
Economy / Logistics, Software, Hardware, Customers and Corporate Strategy. 

Prioritizing 
One of the results of the survey was that people working on the ships, were more 
interested in the esthetics of the installation than how easy to install it was, while the rest 
of the staff at Henriksborg preferred an easy installation. 

Another topic where the staff disagreed was if it was important to have low cost of spares 
or low production costs. Generally people in sales and leading positions prefer the idea to 
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have low production costs. Spares are things that the company can earn money from. 
Furthermore it seems that the cost of spares is not generally what makes or breaks a deal 
when it comes to S-VDR. 

The interviews also showed that people rate both reliability and easy installation higher 
than low cost of manufacturing. Low cost of manufacturing beats Environmentally 
friendly. 

The company is also more interested in having a modular product than being extremely 
fast to market. 

Service time is an important factor. It seems that the majority of the company is of the 
opinion that the VDR should be fast to service rather than cheap.  

Another general noticeable remark when asked to prioritize; is the outcome of the recent 
quality problems with the M4. Most people tend to want very solid easily serviced 
products rather than lowering production costs.  

Costs 
The answers to the survey were also colored by recent problems with the M4 generation. 
Most people were interested in having a product that was easily serviced and furthermore 
extremely interested in having a reliable product. This might lead to problems later on 
when the next generation risks being overengineered and overly servicefriendly just to 
avoid similar problems. 

It is interesting that the majority of the staff feel that they are unenlightened when it 
comes to the costs of service, sales and installation. While most of them can give an 
accurate guess to the cost of an installation the guesses to the costs of service and sales 
are wide and out of the blue. Cost of production is a more known truth and most people 
guess at the same number, though some are stuck with an older, higher, figure. The 
results from the questions in this category can be found in Figure 13. 
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Figure 13. This graph shows cost as estimated by the employees at Henriksborg. The 

blue dots show the median and the grey lines show the standard deviation. The 
estimated cost for the hardware is usually almost spot on and the cost of 
installation a tad bit underestimated. The true costs of sales and service are 
less known 

Estimated time of Installation 
The majority of the staff seems fairly educated as to what takes most time during 
installation. There are three instances where the opinion of the company employees 
deviates from reality. The majority of the employees tend to overestimate the time taken 
for projecting the installation and the time travelling to and from an installation. The 
other part where most of the interviewed lacked information was signal searching. Signal 
searching is not really a problem in newer ships where the crew is well motivated and 
involved, thus being helpful in the installation. On older boats where the crew is less 
helpful signal searching might take ages, however. As a result signal searching is not a 
problem to be solved through RnD but through PR.  
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Figure 14. Estimated time of installation. The categories are; Installation time inside the 

main unit, Running cables, Signal searching, Installation of auxiliary 
equipment, Projecting, and Travelling.  The correct units are slightly different 
since both projecting and travelling do not take as much time as people think. 

What breaks 
These questions were asked to find the attitudes of the employees at Henriksborg. This is 
important because what we think happens often, is also spread to the customers. In a new 
product it is important to show that these kinds of problems are eliminated or at least 
tended to. 

When asked to order things that break, most people tend to think it is the PDU (Protected 
Data Unit). The second largest category is, Cables and connections, and the third largest 
is Unclear Fault, where the service engineer exchanged a few parts based on an educated 
guess and got the system running again. 

The last big area that worries people is Software. To be able to show reliability tests on 
software and a structured way in which it was created is probably a way of levitating 
these concerns.  

The connector problem could perhaps be tended to by investing in either a program mode 
that checks the state of the wires or instruments for wire fault finding. 

The results from the questionnaire on this category can be found in Figure 15. 
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Figure 15. The graph shows the answers to the questions of what breaks. The title being; 

“fault statistics, sort of”. The things to be deduced is that most people think 
that the problem areas are PDU, wiring and contact problems, software and 
the service technician exchanging parts on a hunch .  

Valued Characteristics 
In one of the questions the questioned person was asked to value different desirable 
characteristics of VDR products. This question was there to sift out whether there were 
some seemingly desirable characteristics that the company did not value 

The resulting scores for all characteristics were high, though there were some things 
where the staff felt less motivated. The most noticeable thing that was valued lower than 
expected was backwards compatibility. It seems that people have recently felt that older 
products have been holding them back. 

Two characteristics with low ratings were aesthetics and easy upgrades. The total results 
from this category can be found in Figure 16. 
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Figure 16.  Shows the results from the Valued characteristics. The categories are from 
the left; Ease of manufacturing, Low cost of manufacturing, Ease of 
installation, Esthetical installation, Ease of service, Possibility for later 
upgrades, Backwards compatibility, Reliability, Control of manufacturing, 
Control of the knowledge of mechanics, Control of the knowledge of 
electronics, Control of the knowledge of software, Quality control, Ease of 
repair, Fast service, and Usability for operator. The most valued 
characteristics are as seen; Ease of service, Reliability, Control of software, 
Ease of installation and Quality control. 

The Choice of Track 
There were four different suggested tracks to follow in the ORCA project, these were 
Alpha, Beta, Gamma, and Delta. Three mockup main units were produced and exhibited 
in the education area at Henriksborg. These mockup models were produced both as to be 
a centerpiece for discussion as well as to examine whether the suggested concepts were 
feasible. Included in the specifications for ORCA was the wish to eliminate the extra unit 
for batteries and power, PSU.  Described below are the four different concepts 

Alpha 
This concept is an attempt to rebuild the main unit using as many bought components as 
possible. The only components kept in house are the Consilium specific and strategically 
important RGU (Radar Grabber Unit) and AMU (Audio Mixer Unit) units. The main 
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processing unit controller circuit from a PBB (Portable Black Box) will be used. The 
internal network will be monitored by a standard ethernet switch. NMEA will be 
imported using an N10e unit from Qe. Power and batteries will have a good chance of 
fitting in the cabinet but it will be a squeeze. 

Beta 
Beta is the in house line, it will include the old DCU interface card with an new LPU-2 
(Log Processing Unit 2) derived CPU unit mounted behind it. It will also include in house 
AMU and RGU modules as well as a PSU from the SFC platform and a DIN mounting 
rail for optional components. 

Gamma 
 This is based on the SFC platform being developed by Consilium Fire and Gas in 
Gothenburg. It includes a DIN rail based CPU, NMEA and Switch as well as the in house 
RGU and AMU. Power supply and battery charger will also be imported from the SFC 
platform. This Concept also includes an extra PDU (Power Distribution Unit) including 
fuses for the power supply to the external units. 

Delta 
The delta choice was to buy Highlanders B3 OEM and sell it as a Consilium project. 

Gut feeling 
The interviewed were asked to value the four different concepts according to their gut 
feeling. Almost everyone ranked Gamma as their favorite. There were also a few who 
rated Alpha as their favorite. Since most people rated Alpha extremely low the average 
score was low. The Beta concept was the runnerup for almost everyone, and there were 
very few who gave the Delta concept more than 2 points. The result from the survey on 
this subject can be seen in Figure 17. 

What we think our customers think 
One of the interesting parts of the study was to examine what the people at Henriksborg 
think the customers value in Consilium’s products and Consilium as a businesspartner. 
They were therefore asked to value some characteristics according to what they though 
customers thought. Figure 18 shows what the employees think the customers think about 
Consilium. The categories are from the left; High quality, Good price, Easy to cooperate 
with, Good availability, Advanced technology, and the Swedishnes.  As can be seen the 
people in the survey are fairly confident in our company and our products. 
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Figure 17. Shows how the people valued the four concepts according to their gut feeling. 
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Figure 18. The graph shows what the employees think the customers think about 

Consilium. The categories are from the left; High Quality, Good Price, Easy 
to Cooperate With, Good Availability, Advanced Technology, and the 
Swedishness.  As can be seen the people in the survey are fairly confident in 
our company and our products. 
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Appendix 6. List of suggested actions 
Represented below is a more complete list of the suggested actions to be taken in the 
ORCA project to ensure lower mechanical cost and less problems. 

• The back plate of the cabinet should be split into two halves where different parts 
can be mounted as to allow two separate lines heading up to the final assembly. 
This would reduce the time of assembly and the cost of parts in the assembly 
process. 

• Mounting everything on a split backplate. If this is done then the entire assembly 
including the wiring loom could be premounted outside the box and then the two 
halves of the backplate could be installed using just a few bolts and cable 
connectors. This arrangement also opens up for fast and easy replacement of 
several systems simultaneously at the service stage. The entire half backplate 
could then be brought to a repair facility where it can be refurbished and then sent 
out as a spare. 

• Examine the cost of making our own cabinet compared to buying one when all the 
different fasteners in the cabinet have been eliminated. 

• Extending the back plate in a 90 degree angle to replace the bottom of the cabinet. 
This would allow the RGU and EMC piping to be mounted outside the box as 
well. 

• Vibration cushioning, vibrations and impacts are great enemies of electronics. 
Some actions that might be taken to alleviate problems from vibration are 

o Mounting the entire cabinet on vibration cushions. 

o Mounting selected components on vibration cushions. 

o Stiffer or softer mounting of selected components to alleviate oscillation 
from resonance. 

o Mounting seismic weights on selected components which have problems 
with resonance to alter the resonance frequency. 

o Investigating resonance frequencies through mounting a speaker element 
to a tone generator and an amplifier. Then connecting the contraption to 
the prototype main unit and exposing it to varying frequencies, and 
measuring the response. 

• Should the M4 computer rack be retained, several things can be made to increase 
the reliability of the tolerances. This would reduce problems with connectors and 
heat transfer. 

o In general, decreasing the number of parts in the structure will by simple 
statistics decrease the tolerance span. 

o Soldering several of the parts together in fixed jigs can reduce the number 
if components 
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o Spot welding several of the parts together in a separate jig can reduce the 
number of components. 

o Replacing some of the sheet metal parts with either thick plastic or 
aluminum that has been machined through either a combination of water 
jet, punching, nibbling and milling. 

o The diameter of the holes for most of the screws should be increased to at 
least medium workshop tolerances. This to reduce the chance that a 
misplaced hole will cause warping or built up tension. 

o All the screws retained in the assembly should be replaced with bigger 
ones (ca M4), both to increase the possible play during assembly and to 
help both in maintenance and assembly by decreasing fiddly fitting of 
screws. 

o The number of screws in the front plate should be reduced to reduce 
problems with built in tension as well as reducing service time. To avoid 
an increase in noise from vibrations, two actions can be taken. 

 Mounting shock absorbent tape or similar on the contact surfaces 
between the front plate and the computer cage. 

 Increasing the stiffness of the front plate by making creases, rolled 
dimples and/or flanges along the sides. 

o To reduce the number of possible spare parts, and to alleviate for the 
assembly, the computer rack should be redesigned to be a separate 
individual part, fastened to the back plate by a low number of easily 
reachable screws 

• Examine production time for the existing main unit and identify time thieves. 
Then design the new generation to eliminate as many of these as possible. 

• Should the pipes at the bottom of the cabinet be retained the surfaces can be 
broken either by shot blasting, with baking soda or ground walnut shells. Or 
trhough steel ball polishing (immersing the pipes in a vibrating bath of small steel 
balls). 

• The Project engineer Kenneth Sved has recommended bottom termination. This 
roughly means that all the cables entering the main unit should be connected at 
the bottom. This has earlier been in conflict with the EMC shielding of the cabinet 
but two things can probably be done to remedy this. 

o If the SFC system is being implemented, all the smaller modules are 
already EMC shielded which eliminates the need for the pipes. 

o There is a suggestion for a new set of pipes that would allow bottom 
termination. 

• Bottom termination could also help in reducing problems with:  

o Service engineers and tinkering crewmen, connecting wires at the wrong 
place. All incoming wires should be connected at a single place, which 
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should be logically ordered and well marked up. All wires up to the 
internal components should be if not hidden atleast covered and logically 
ordered. 

o Installation time on the ship, as all cables can be precut to the right length. 

o If it is executed correctly, could also lead to an easy way of retaining 
backwards compatibility. A newer model unit could replace the old one 
easily as long as it retains the same connectors at the bottom. 

• A separate factory built and designed internal wiring loom could reduce risk of 
cable deterioration and bad connections inside the cabinet since all wires are 
mounted in a correct fashion. 

• There is another way of introducing bottom termination. This is to build a large 
custom built contact where all the incoming signals can be easily connected. The 
contact is then connected to the main unit and screwed into place. The contact 
could also lower test time greatly, as a test rig could be designed and connected 
though a special test contact. 

• Testing is a time consuming process today, each VDR goes through final 
assembly at Henriksborg where it is fully assembled and tested. This process 
takes roughly a day, which with overhead and labor costs roughly 5500 SEK. If a 
smart test rig is created and final assembly time is shortened there is money to 
save. 

• Test interface. A special test interface could be built that messages the 
functionality and burns in the main unit. The entire test procedure could be logged 
and a protocol could be printed and sent along with the main unit, as a stamp of 
quality. 

• Number of bolts. Through a fast count inside the cabinet 150 screws can be easily 
identified. This large number is sure to be costly both material and time wise. 
Some actions can be taken to reduce the number of screws. 

o Spot Welding. As the main unit looks today, almost all parts on its insides 
are mounted though M3 screws. These are small, fiddly, costs money and 
takes time to instal. Should a lot of the mounting brackets instead be spot 
welded in place a lot of time, weight, and money could be saved. 

o Snap Fasteners. A lot of the components which are semipermanently 
mounted inside the cabinet could be mounted though snap fasteners. 

o Tape. Tape technology has greatly increased over the last years and for 
permanent mounting, tape can replace welding or soldering. 

o More advanced sheet metal parts. 

• A lot of the sheet metal work could be done in Sweden though NC punching and 
nibbling, this would increase both control of the supply chain as well as 
tolerances. (A correctly calibrated NC machine does everything according to the 
blueprint down to one hundredth of a millimeter). 
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• The BNC contacts for the RGU should be replaced with BNC’s that do not have 
preinstalled nuts on the bottom threads. The nuts should then be delivered 
separately, preferably packed in portion packs. This will reduce labor time spent 
in Sweden, reducing cost and irritation. 

• Examine the possibility to replace the BNC contacts with an alternate and less 
costly solution. 

• Examine weather the cables to the RGU could be secured from outside forces in 
an easy fashion (dragavlastning). 

• The corporate identity of the company could be easily strengthened though the 
inclusion of the Consilium logo on the door of the main unit. The logo could be 
included in several ways.  

o It could be water cut into the front to act as a air vent. Then either a net or 
some sort of shield could be mounted behind to reduce the risk of water 
and finger incursion. 

o It could be punched in to the front door as louvres, the louvres could still 
be explained to customers as cooling for the main unit. 

o It could also be stamped in, making a slight recession in the sheet metal 
which forms either the entire logo or just the ball. 

o Include the ball logo in other places where holes are to be made in the 
structures of the main unit innards. 

• Mounting of batteries. If the batteries are to be included in the main unit, they are 
sure to be space thieves. One idea might be to mount the batteries either behind or 
in front of the audio unit, as these roughly have the same front area. 

• The batteries should be mounted on stiff padding so that they will be kept still 
through the use of a moderate amount of pressure from the mounting screws. This 
will reduce the loads on the battery housings, which might help in increasing 
lifespan, as well as helping in battery replacement and reducing noise from 
vibration. 

• Since the batteries are consumables they should be mounted in such a fashion that 
they can be replaced using only easily available tools by a smi skilled worker. 

• Examine the cooling and fastening needs of the PSU (power supply unit) chosen 
by the SFC project. 

• Examine the long time wear characteristics of different Ethernet contacts and how 
wear can be alleviated through: 

o Correct mounting. 

o Correct way of leading the cable up to the contact. 

 

• If the SFC system is chosen: 
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o Examine which loads the mountings can handle and weather the CNAB 
developed modules exceed these. 

o Examine which actions Consilium Fire and Gas are taking to secure the 
modules, as well as which loads Fire and Gas are trying to meet. 

o Examine how to fasten the wires close to the modules to allow easy 
installation and low forces on the contact. 

o Examine the amount of heat generated by the different modules, by 
looking at the average energy consumption, to determine needs for 
cooling. 

• Examine the prospects of using different types of batteries to reduce the weight of 
the main unit. 

• Cooling: The need for cooling should be investigated by performing heat tests on 
an empty main unit. During these heat tests different size openings can be used to 
gage the amount of air flow necessary for the cooling. The heat test should also 
include several temperature levels inside the cabinet as well as different outside 
temperatures. From this test an empiric formulae could be deduced.  

• Examine whether heat transfer formulas are readily available from cabinet 
makers. 

• If additional cooling is required. There are a few things to examine before 
mounting a fan: 

o Mounting cooling fins on the back of the cabinet while making sure that 
circulation is possible and that the heat is transferred from the overheating 
components to the cooling fins. 

o Mounting cooling fins inside the cabinet on the overheating components, 
if there are only a few components that are overheating. 

o Mounting heat conductors from heat generating components to the skin of 
the cabinet, making the exterior into a cooling fin. 

• Examine whether the cooling vents can be placed, one at the front of the cabinet 
in the door and one at the top back of the cabinet in the back plate. This would 
reduce machining costs off the cabinet and would therefore reduce total cost. 
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Appendix 7. Drawings, The Drawbridge 
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Appendix 8. Parts List, The Drawbridge 
Part Ammount
2 mm Aluplåt (Bakplan) 1
0,9 Järnplåt (Monteringskonsoll) 4
1 mm Aluplåt (Karm Batterilåda) 1
1 mm Aluplåt (Dörr Batterilåda) 1
1 mm Aluplåt (Stötta) 6
1 mm Aluplåt (Lucka) 1
1 mm Aluplåt (AMU o RGU Monteringskonsoll) 2
1 mm Aluplåt (AMU o RGU Klämma) 2
M4.1 Låda (Modifierad) 1
  
DIN-skena 350 mm 1
 
Batteri 12 v 3,5 Ah (Typ Elfa) 2
  
Pressmutter M5 (SFP CSM5-0) 82
M5 Torq (6-8 mm) 80
M5 Torq Lång (20-25 mm) 2
M5 Nyloc 22
Press Bult M5/Svetsbult M5 (15-20 mm) 22
Popnit 3,2 mm 6
Gångjärn (Skånebeslag 1025002) 5
  
Kabelskena 35 x 50 x 350 3
Kabelskena 35 x 50 x 200 1
Kabelskena 30 x 30 x 390 3
Kabelskena 70 x 50 x 390 2
  
SACCEC-M12FSD-4CON-M16/2,0-931 7
  
FKC 2,5/ 3-STF-5,08  7
FKC 2,5/ 10-STF-5,08  5
FKC 2,5/ 8-STF-5,08  6
  
IC 2,5/3-STGF-5,08 7
IC 2,5/8-STGF-5,08 6
IC 2,5/10-STGF-5,08 5
  
IC-DFR 3 7
IC-DFR 8 6
IC-DFR 10 5
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Appendix 9. Drawings, Box in a Box 
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Appendix 10. Memo on Box in a Box 
This memo was sent out to the Project lead and the Product owner as there was problems 
with clearance inside the SFC cabinet. Since then there has been plans of increasing the 
size of the SFC cabinet which allows for the Box to be fitted. The more ideal place for 
such a box might be the mounting place for the display. If the boxes mounting brackets 
are reworked to fit with the mounting points for the display no changes to the SFC 
cabinet has to be made to fit a RGU or AMU inside a SFC cabinet. 

Problem med innerlåda 
Det har funnits ett ekonomiskt intressant koncept inom ORCA-projektet som innebär att 
använda skåpen från SFC som bara skall kosta en tiondel, jämfört med tidigare M4 
Lådor. SFC skåpen är dock inte EMC-tätade utan alla moduler som ingår i SFC systemet 
är EMC säkra. Vad gäller AMU och RGU så kommer dessa inte att vara EMC skyddade 
och de har ett antal skrikiga komponenter inom sig. 

Lösningen till detta problem var att montera en liten låda inuti SFC skåpet som är EMC 
säker och rymmer både AMU och RGU. Vid en första anblick verkade detta ytterst 
lockande, se figur 1 och 2. 

 
Figur 1. Visar konceptet med en inre låda i ett SFC skåp 

 
Figur 2. Visar det utkast som finns till inre Låda 



 

 - XLVI - 

Problemet som hittats ligger vid att max tillåtet djup på komponenter i ett SFC skåp är 
120 mm. AMU och RGU inkopplat med BNC kontakter får en totalhöjd på ca 120 mm 
vilket inte lämnar något utrymme till att bygga en smart låda kring dem, se fig 3. Notera 
extra noga Detail B. Denna visar hur mycket spel som lagts in i den nuvarande 
konstruktionen. På det stället skall det dessutom komma ut en kabel från AMU-kortets 
spänningsmatnings kontakt. 

164
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Figur 3.  Visar en ritning till  en föreslagen låda för AMU och RGU   
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För att komma runt problemet med passform togs tre alternativa lådor på samma koncept 
fram. De tre idéerna som presenterats är att: Antingen göra en lite för stor låda prova 
konceptet och sedan undersöka hur den skall kunna bantas. Göra sepparata lådor för 
AMU och RGU. Eller att montera båda bredvid varandra i en större men plattare låda. Se 
figurer nedan för illustration. 
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