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Redesign of a cutting extinguisher 
Development of a new lance with a focus on usability 
MARTIN FINLÖF 
JOHAN JAKOBSSON 
Department of Product and Production Development 

Chalmers University of Technology 

Abstract 

Cutting extinguishing is an up-coming method in firefighting, a lance uses an 
abrasive-water mix to cut through wall and extinguish the fire inside the room. The 
cutting extinguisher’s lance has had the same design for over ten years. The use of the 
cutting extinguisher has developed a lot since the first lance was introduced on the 
market; thus, the lance is in need of redesign to meet the users’ requirements. New 
technical possibilities, such as electrical wire control, now exist that the new lance 
must be able to be manipulated. 

With these prerequisites in mind, interviews and use-studies of firefighters were used 
in parallel as the inputs for the design of the new lance. Sub-solutions were developed 
with CAD-tools and physical prototypes. By scoring matrices and discussions, the 
sub-solutions successively merged into a final solution. 

The final solution initially appears very similar to the original design of the lance due 
to the fact that all the beneficial properties of the original were retained. However, a 
closer look reveals the differences: the trigger functions are electrified and the shell 
position is adjustable and more ergonomic. 

To take this prototype to a full-scale production, various testing and optimization 
methods need to be performed. These methods examined the tolerances and 
materials choice that will fit Cold Cut System’s vision of the new lance. 

Keywords: cutting extinguisher, lance, firefighting, water jet, fire equipment 
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efficient way. Third, because of this efficient mist, the COBRA uses much less water 
than other systems leading to less water damage because most of the water is 
vaporized. In addition, a smaller amount of hazardous substances are dissolved in 
the slop water, which flows into the environment (Cold Cut Systems, 2008). 

During the ten years the COBRA has been in use, customers have voiced many 
wishes and demands for improving the tool. Despite their suggestions, only several 
design modifications have been made over the years. Cold Cut Systems has now 
therefore decided to develop a new COBRA lance that meets the new requirements 
from the customers and while simultaneously being improved to handle several new 
techniques. Cold Cut Systems is conducting a parallel project in which they are 
developing a wire-controlled system instead of today’s radio steering of the COBRA. 
Because the time aspect of the project is uncertain, it is important the new lance can 
be adapted both for wire- and radio-controlled steering.   

This master thesis work describes the process of how Cold Cut Systems decided to 
make a new lance. Because there is an existing lance, the project involves the 
redesign of existing components as well as new solutions for the unaddressed needs 
of customers. The redesign of the COBRA lance will affect the existing main 
components: 

 The shell is the part in contact with the user that also covers the mechanical 
and electrical parts. The shell is also the component that provides the 
image/shape of the product. The purpose in redesigning the shell is to make 
it more ergonomic and easy to maneuver for the user while simultaneously 
maintaining its sturdiness. 

 The trigger mechanism controls the water, abrasive and foam functions, 
and it will be suited for use with either radio or electrical wire control. 

 The cutting support and splash protection will both be redesigned to 
provide a better grip on the cutting surfaces but will also be designed to 
lighter and easier to maneuver.  

 Other parts included in the project are protection against hose coupling 
failure and a support handle. An overall review of the project will also be 
performed to remove and refine existing parts. 

1.3 Goal and purpose 

The goal of this project is to generate and evaluate a number of concepts and then 
design a detailed solution for the new generation of the COBRA lance. The 
deliverables will be CAD files, pictures and drawings at the level of prototype 
production. The requirements for the new COBRA lance will come from Cold Cut 
Systems, the users of the product and from other stakeholders, such as health and 
safety boards and labor organizations.  
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The goal is to design a new product that fits both the users and Cold Cut Systems 
better than the previous version. As for ourselves, we hoped to gain experience in 
working on a real project and testing our skills we have developed during our years at 
Chalmers.  

1.4 Targeted readers 

This report is about a very narrow business area: cutting extinguishers. Thus, it 
contains a number of specific terms from this business area that will be explained for 
the unfamiliar. The text is written for a reader with an engineering background, 
which makes it easy to understand for a person with a technical background in any 
subject. 

1.5 Limitations 

The scope of the project was to gather customer suggestions and to design the new 
lance; it does not contain any economical analysis, market strategies, marketing 
plans or market research. It will neither lead to any physical prototype of the final 
concept; however, some prototypes were tested and some subsystems were compared 
herein. 

1.6 Users 

The major users of this product are firefighters; however, they do not all have the 
same needs in terms of fighting fires. The users differ from conventional firefighters 
in municipal duty to part-time firefighters. There are large differences in their daily 
work dependent on in which field they operate. For example, some users are located 
in an industry with large areas to extinguish, while firefighters on at a ship at sea 
must focus on the aspect of extinguishing the fire in a short amount of time.  

COBRA users are spread worldwide, but most are located in the Nordic region and 
Europe. Asia is an expanding market consisting of users with slightly different needs 
such as firefighting in skyscrapers and offensive units able to advance in congestion 
to a greater extent than in Europe.  
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3 Methods 

The product development process utilizes various tools for different steps in the 
product development process. The use of the tools and their purpose are explained in 
this document together with the outcome from the tools. The project follows a typical 
product development process. The process described in the book, Product Design and 
Development, by Eppinger and Ulrich is the groundwork upon which this process is 
built. The following sections are in consecutive order: the identification of customer 
needs, product specifications, concept generation, concept selection and, finally, the 
detailed design of the product. 

3.1 Stakeholders of the new lance 

Current COBRA users are in the fields of conventional, naval and industrial 
firefighting. Among these, the requests of the conventional firefighters have top 
priority, followed by those of the navy and then by those of the industrial users. The 
reason for the low priority of industrial users is there are few of them and not a 
priority for the company; many of their wishes is also the same as the rescue services’ 
wishes. It can be difficult for a user to express problems and wishes when they do not 
have much rescue experience for comparison. It is therefore important to not just 
listen to their suggestions for improvement but also to understand their personal 
technique in using the cutting extinguisher (Lindstedt & Burenius, 2006) (Eppinger & 

Ulrich, 2008) (Bergman & Klefsjö, 2003). If you know the manner in which the 
customers use the product, it is possible to draw conclusions for improvement 
possibilities.  

In addition to the users, Cold Cut Systems, governments that set the prevailing laws 
and working organizations need to be regarded as important stakeholders. Cold Cut 
Systems demands mostly focuses on the desire for a product that fits well into the 
company’s image and one that expands upon the existing technique. The prevailing 
laws and working rules are gathered from different standards and government 
documents, for example Maskindirektivet by Swedish Standards Institute. 

3.2 Identification of need for a new lance 

To determine an optimal solution, it is important to really know what the different 
stakeholders want and how they use the product. To obtain as much background 
information as possible about the expectations of the lance, several interviews and 
customer investigations were performed. The objective of the user study was to 
assemble a list of users’ needs and then transform these needs in to a requirements 
specification. 
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3.3 User investigation 

Cold Cut Systems has already performed some studies regarding the cutting 
extinguisher. In 2005, a survey of forty firefighters from twenty fire stations was 
conducted. The firefighters were asked about the advantages/disadvantages and for 
improvement suggestions for the COBRA lance (Cold Cut Systems, 2005). Also in 
existence is a document providing a detailed analysis of the COBRA lance with 
development suggestions from the Rescue Service of Southern Älvsborg (SÄRF) 
from 2006 (SÄRF, 2006). In 2009, the Swedish defense material organization (FMV) 
conducted a technical requirement specification for naval use (FMW, 2009). These 
earlier studies are used in this project, but because they are several years old, it is 
possible that new requirements may have arisen in recent years. The fact that the 
studies are old makes a complementary study necessary. This new study is conducted 
by interviewing experienced users in both the rescue services and navy. To get as 
broad of an understanding as possible regarding the manner in which the lance is 
used, users from Norway, Sweden and England were surveyed. Customer needs were 
divided into the categories of spoken and unspoken needs. The unspoken needs were 
not expressed because they are either taken for granted or unknown (Lindstedt & 

Burenius, 2006). The unspoken needs encompass “unknown needs” that the 
operators are unaware of because they are so well adjusted to the product as it is 
currently designed. Thus, they work around problems instead of identifying them 
directly. To determine unspoken needs, the questioners and interviews mostly 
focused on how the product is used rather than asking for improvement suggestions. 
The design of the questionnaire and the outcome are described in Appendix A. It is a 
questionnaire built up of specific questions with alternatives to fill in. There is also 
room for comments to collect individual thoughts. 

To obtain a deeper knowledge in how the CORBA is used, we have also participated 
in a two-day introduction course for the cutting extinguisher. Figure 9 shows a 
picture taken during the course. The close contact with Cold Cut Systems provides 
continuous feedback during the project, thus ensuring that users’ requirements are 
addressed. To fulfill the laws of both governments and working organizations, many 
standards from SIS and SS-EN, Swedish Standards Institute, were consulted, 
including documents from the Swedish National Board of Occupational Safety and 
Health (Swedish Standards Institute, 2010). 
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4 Results 

The “Methods” chapter describes the workflow and how the development process for 
the new COBRA proceeds. The outcome from the steps in the workflow is presented 
in this chapter together with arguments and motivations for the choice of concepts 
and functions. 

4.1 Outcome of the need collection 

Appendix B lists all the expressed customer needs. The needs judged as relevant were 
then transformed into requirements and gathered into a requirement specification, as 
shown in Appendix C. During the user investigation, it became clear that the 
majority of the users use the product in the same way and also have same thoughts 
and directions for improvement. However, some needs differed. The most relevant 
and important needs discussed when forming the requirements specification are 
described below: 

In a couple of areas, the opinions about the current lance were very positive. The 
users both liked the current solution and even discovered new ways using it. The 
body support is an example of such an area; For example, the majority of user found 
the body support was helpful and preferred to use the lance in a position over the 
shoulder. Some users also used the COBRA against their hip, under their arm and 
even in other uncommon postures. 

An area that has changed since the lance came onto the market is how to cut into 
various materials. In the beginning, the purpose was to make a large hole in a 
material to be able to bring something through the hole. During this study, it was 
determined that users almost exclusively used the lance to penetrate and spray water 
through a wall to extinguish a fire. Most users preferred the four-point support 
because it is much lighter, more robust and gives a better grip than the anchor shaped 
support. 

Because the respondents mostly hold the lance over their shoulder and against a 
surface for penetration, the placement of the hands is important. The respondents 
liked the adjustable grip for the support hand when used together with the four-point 
support because this grip is able to adapt the lance to fit different individuals with 
different arm lengths. 

Users are very satisfied with the robustness of the shell; cracking and other damage to 
the shell have been infrequent. 

One area in which the users experienced problems with the lance was, among others, 
the radio communication, where the linkages between the trigger mechanism and the 
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radio, and also to the on/ off button have failed. Other common opinions include the 
observation that the lance was heavy and had a misplaced center of mass. 
Additionally, users thought it was difficult to keep the lance in the correct position 
during the penetration of hard materials. Depending on the position and angle, the 
lance felt unstable against the shoulder for some users. The branch sometimes felt too 
long, especially when using it in odd situations, such as on roofs, ladders and in 
confined spaces. As a result of the instability against the shoulder and the too long 
branch some of the users felt it hard to handle the recoil. Another problem was the 
bound back of liquids. 

The National Board of Occupational Safety and Health in Sweden’s body of law 
prescribes that the distance between the shoulder and nozzle must be larger than 750 
mm (Arbetarskyddsstyrelsen, 1995). To secure against any accident with a small jet, in 
the case of a crack in the coupling, an extra coupling protection was needed. 

These are the most important needs in a bulleted list: 

 Able to place the lance over the shoulder. 

 Four-point cutting support preferred. 

 Center of mass closer to user. 

 Flexible length of the branch. 

 Reduce the water splash. 

 Stable handling of the recoil. 

 Distance between nozzle and shoulder must be 750 mm. 

 Extra coupling protection. 

4.2 Subsystems 

The lance was divided into seven different subsystems. The most important functions 
were separated from each other, making it easier to generate more unique solutions. 
Figure 18 shows the location of some of the subsystems: 

1. Coupling protection 
2. Body support 
3. Trigger handle 
4. Branch 
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4.4.1 Trigger handle 

Most users have expressed interest in a lance that is placed above the shoulder, 
removing the possibility of using alternatives A, B and C, which all require 
placement above or on the side of the branch. Thus, only alternatives D, E and F 
remain for further evaluation. 

4.4.2 Body Support 

Principles B and G are expurgated because the solutions are unnecessary ungainly 
without adding anything. Solution F is also eliminated because it cannot be used on a 
lance that is placed above the shoulder. Concepts I and K are expurgated because the 
movable parts reduce the sturdiness of the COBRA without adding enough value to 
the tool. The concepts that were further evaluated are A, C, D, E, H and J. 

4.4.3 Shell 

Concept B is expurgated because the handle on the top increases the size of the shell 
too much. However, the idea of an easy way to carry the lance is still relevant and 
was evaluated during the detailed design. Concept D is expurgated because a fixed 
support handle is unwanted. Concept E is eliminated because a solid solution does 
not add any value and would become ungainly. Solution I is also expurgated because 
it is adapted for two persons when the lance is almost always handled by a single 
operator. The following concepts that were then further evaluated are A, C, F, G and 
H. 

4.4.4 Coupling protection 

Concepts A, B and C were eliminated because they did not protect the whole area 
around the coupling. Because it is possible to use the lance from both the right and 
left sides, the protection must be turned differently for different operators, which is a 
time-consuming and complicated procedure. Concepts D and E underwent further 
investigation. 

After discussion with Cold Cut Systems, concept D was selected for prototyping 
mainly because this solution was the most compact and there was already an existing 
supplier that produces the product in the manner Cold Cut Systems desires.  

4.4.5 Cutting support/Splash protection 

Concept A was eliminated because the transparent part would be covered with 
abrasive and dirt, which would remove the visibility and also the function of the 
concept. After discussions and product review, it became clear that a cutting support 
with an integrated splash protection was preferred. Thus, concepts D, E, F, G and I 
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mediate the feeling of an arrow in which way the water goes and the lance should be 
used. 

It is very important that the user gets a robust feeling of the shell and that it does not 
get bent or twisted. To increase the stability of the shell, the lower frame runs all the 
way from the protection of the trigger hand back to the body support, which 
increases the stability and is also a design feature that gives the lance a cleaner, 
smoother appearance. 

The width of the shell is varies throughout the frame. For example, the upper part is 
wider than the rest of the shell because it contains many different components and 
simultaneously functioning as a good support against the shoulder. The width of the 
lower part of the body support was adapted to give a comfortable and ergonomic grip 
for the arm when squeezing against it. The part of the frame that combines the upper 
and the lower body support must be able to fit a radio transmitter. The width of the 
lower frame and the protection for the trigger hand were made to fit well with the 
lower part of the body support. The trigger handle itself is a bit thinner than the lower 
frame to be more ergonomic for the trigger hand (Bohgard, M et al, 2009). 

4.7.2 Adjustment function 

To meet the users’ need to adapt the distance from the shoulder to the penetration 
target, the lance was equipped with an adjustment function. It is too time-consuming 
to disassemble the whole shell and fixations every time a shorter or longer branch is 
needed. Because emergency situations change quite fast after penetration through 
floors, roofs and walls, the need for shorter and longer lances must be fulfilled by the 
equipment available. 

The need for different distances is not only an ergonomic issue, it is also very 
important for safety. If the distance from the shoulder to the pitched roof is too long, 
the user is forced stand in a more upright position in which it is harder to withstand 
the recoil from the water jet than in the suggested position. 

For changing the distance more flexibly and efficiently, the shell was designed to be 
adjustable along the branch. The branch is the same length all the time, but the 
important distance from the nozzle to the shoulder is adjustable. There are three 
fixed positions along the branch; these can be fastened and loosened by two hasps 
that lock and unlock a notched bar. A bar and a hasp are shown in Figure 44. 
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5 Discussion 

This project has met its goal; a basis for production of a prototype of the whole lance 
was made. Much must still be done before the lance could be put into serial 
production. Further tests and evaluations must be performed, and Cold Cut Systems, 
CCS, must make some investment decisions before a serial production can be 
developed. At the end of this project, CCS has taken part of the material to make the 
first prototype. The responses from CCS have been very positive, and CCS is looking 
forward to ordering a prototype of the whole lance and beginning related tests. 

The fact that CCS is satisfied with the outcome is a result of a very tight and well 
working collaboration throughout the whole project. The prerequisites have been 
very good from the beginning. Factors including an office close to the other 
engineers’ offices and their workshop have played a major role when it comes to 
close communication with the involved persons. The most important factor has been 
the willingness of the CCS personnel to help with the project. They have provided a 
lot of support for us, both when it comes to knowledge and feedback on the working 
process. The fact that the development work was based on a deep customer survey 
has also played a major role in the positive outcome of the project. 

The project has been a great learning experience. To be accepted into a new industry 
with all its new terms and knowledge has caused many new situations that have put 
our creativity to the test. Having an office located at CCS has also contributed to the 
feeling of having a real project and has allowed us to gain a lot of experience from 
everyday office life. It has also been a great experience to see how a product 
development process really refines a lot of good ideas into a more complex solution. 
It has been very instructive to determine how this product development process 
makes it possible to find solutions that would have been impossible to find in one 
step. This insight becomes extremely significant when looking back to the beginning 
of the project. There were a lot of brainstorming ideas of how to solve problems 
when CCS presented the present-day lance. This brainstorming was even before the 
collection of user responses and many of the thoughts and ideas at that stage in the 
process were quite far from the users’ needs. The brainstorming procedure was 
repeated once again when many of the new ideas and concepts after the need 
collection went through the testing procedures. This time the ideas were much closer 
to the users’ needs. 

Another piece of knowledge we have gained throughout these events and processes is 
the importance of validation. It is very important to validate all solutions brought 
forward in the process not only against the requirements specification but also with 
responsible persons from the company. Without support from the company, it would 
be a waste of time to refine the solution.  
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6 Conclusions and recommendations 

The project has met its goals, a basis for a prototype production is delivered to CCS 
and the lance has been improved on several areas. The benefits with the new lance 
will be: 

 A more stable support against the shoulder. 

 Possible to use upside down. 

 Adjustable shell. 

 Prepared for wire control. 

 Secure against water jets during coupling failure. 

 Center of mass is closer to the user. 

 Decreased bound back of liquid against the operator. 

With a lot of parallel projects running in small subsystem areas, CCS is always taking 
small steps forward and increasing the technical level on the product as a whole. 
What is really important, in the case of a product with a user interface, is that the 
user understands the effort the company puts into all improvements. This project 
focuses on improving the user interface and the involvement of other technical 
improvements to ensure the users believe that it is the next generation cutting 
extinguisher they hold in their hands. 

The new lance demonstrates the next step in ergonomics, a human-machine interface 
and safety with its new features. The hope is that this upgrade will soon be standard 
and new groundwork has been laid to find new ways to further the whole concept of 
cutting extinguishing. 

Henceforth, testing and optimizations need to be performed to apply this project’s 
outcome from a prototype to a production project. Different materials must be 
evaluated, especially for the shell where the plastic must withstand forces rough 
handling and be able to work at a wide temperature range. It is also recommended to 
perform tests to find an optimal size of the four-point cutting support, where a lesser 
size and a higher performance are balanced against each other. 
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Appendix B Need specification 

Need No. Need Convert to 

requirement 

Comment Reference 

1.  Possible to use against the hip. Yes  Danny Moore, 
Questionnaire (27%), 
Lundmark, Palmqvist 

2.  Possible to use under the arm. Yes  Questionnaire (10%), 
Palmqvist 

3.  Possible to use on a ladder Yes  Danny Moore, Leif,  

4.  Adjustable length of the branch Yes  Danny Moore, Einar, 
Leif, Questionnaire 
(78%) 

5.  More robust trigger mechanism Yes The mechanism is replaced 
with electronic equipment. 

Danny Moore, Einar, 
Leif, Questionnaire 

6.  More robust on/off switch Yes  Danny Moore, Norway, 

7.  Secure fastening of battery Yes  Danny Moore, 
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8.  Comfortable posture with the lance over 
the shoulder. 

Yes  Einar, Leif, Jan, 
Questionnaire (63%), 
Lundmark, Palmqvist 

9.  Prevent the lance from slipping of the 
shoulder. 

Yes  Questionnaire (30%) 

10.  Device for hanging the lance close to the 
body when not in use. 

No Additional feature, 
possible to add in the 
future. 

Einar 

11.  Splash protection that prevents water and 
abrasive to hit the face. 

Yes  Einar, Leif, Norway, 
Questionnaire (60%), 
Palmqvist 

12.  Bi-stable foam function. Yes  Einar, Palmqvist 

13.  Lighter lance than the present. Yes  Leif, Palmqvist 

14.  More friction against a wall with the 
cutting support. 

Yes  Leif, Questionnaire, 
Lundmark, FMV 

15.  Easy to know when a function is 
activated. 

Yes  Leif, Palmqvist 

16.  Longer range radio communications. Yes  Norway 
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17.  Easy to carry without activating any 
button accidently. 

Yes  Questionnaire, Palmqvist 

18.  Control water and abrasive with one 
hand. 

Yes  Danny Moore, Leif, 
Einar, Questionnaire 
(100%), FMV 

19.  Control foam with the same hand as for 
water and abrasive. 

Yes  Leif, Questionnaire 
(15%) 

20.  No foam-button on the trigger hand, it 
could confuse the operator. 

No Conflict with other 
stronger needs. 

Lundmark 

21.  Support recoil by hooking into something. Yes  Leif, Questionnaire, 
Palmqvist 

22.  All buttons should be easy to handle with 
gloves on. 

Yes  Danny Moore, Norway, 
Einar, Leif, 
Questionnaire (55%), 
Palmqvist, FMV 

23.  Possible to switch to another branch for 
other purposes. 

No Outside the scope of the 
project. 

Einar 

24.  Able to control water and abrasive with 
dead-man’s grip on with one hand. 

Yes  Danny Moore, Einar, 
Patrik 
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25.  Higher friction against the wall when used 
in sharp angles. 

Yes  Questionnaire, 
Lundmark, Palmqvist, 
FMV 

26.  Easy and fast way to change battery. Yes  Questionnaire (60%), 
Palmqvist 

27.  Protect battery from water. Yes  Questionnaire 

28.  A removable splash protection. No Additional feature, 
possible for CCS to add. 

Questionnaire 

29.  Always keep the distance between nozzle 
and wall about 5-10 mm. 

Yes At least when the 
penetration angle is 90 
degrees.  

Lundmark 

30.  Best possible rest-position for the hand 
when the trigger is activated. 

Yes  Lundmark 

31.  A way to clean the nozzle from the plugs 
of abrasive that can appear. 

Yes  Lundmark 

32.  A small and compact lance. Yes  Lundmark, Leif 

33.  A mass-center closer to the operator. Yes  Palmqvist 
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34.  Possible for the user to see the point of 
attack. 

No Conflict with more 
important properties like 
splash protection. 

Palmqvist 

35.  Fixation of the cutting support when 
penetrating.  

Yes  Palmqvist 

36.  Two persons should be able to operate the 
lance at the same time. 

No Conflict with a lot of other 
needs. Almost all users use 
it alone.  

Palmqvist 

37.  A handle for the support-hand that 
enables a longer support perpendicular out 
from the branch. 

Yes  Palmqvist 

38.  An additional branch to connect to the 
existing one to get a longer range. 

Yes  Palmqvist 

39.  Could be carried with one hand.  Yes  Palmqvist 

40.  Extra protection against leakage in the 
coupling. 

Yes  Palmqvist, Patrik 

41.  The lance should not be wider than the 
present one. 

Yes  Palmqvist 

42.  Have a free space for a logotype Yes  Patrik 
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43.  Possible to use on the thigh Yes  Torvald  

44.  Possible to use against the biceps Yes  Mauri 

45.  It should be comfortable to squeeze the 
trigger handle.   

Yes  Lundmark 

46.  The lance should be adapted for both 
right-and left handed users. 

Yes  Patrik 

47.  Possible to adjust the support handle 
along the branch 

Yes  Einar, Jan, Palmqvist 

48.  Should be construct of recyclable 
materials 

Yes  FMV 

49.  Proper function at -10°C to +55°C  Yes  Kockums/ FMV 

50.  Be stored in air-temperature at -40°C to 
+55°C  

Yes  Kockums/ FMV 

51.  Must be able operate at a temperature of 
150°C during 10 min 

Yes  Kockums 

52.  Should be able to operate at a temperature 
of 200°C during 5 min 

Yes  Kockums 
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53.  Must not contain prohibited materials, 
chemicals according to international, 
Swedish our EU-regulations 

No Such materials do not exist 
in this project’s interest. 

FMV 

54.  Should as much as possible be 
manufactured by non-magnetic materials. 

Yes  FMV 

55.  Branch shorter than 750 mm may only be 
used when a longer branch isn’t possible. 

Yes  AFS 1994:54 

56.  Be able to use the same handle-trigger to 
other compatible tools. 

Yes If using radio 
communication. 

Patrik 

57.  No consumables of important parts. If 
some parts after all need to be change, it 
must be easy done.  

Yes  Patrik 

58.  Electronic components should be water 
and dust resistant according to IP 65, SS 
EN 60529  

Yes  FMV, Patrik 

59.  Use standard components as long as 
possible 

Yes  Patrik 

60.  If radio steering, an interchangeable 
handle needs to contain all electronic 
equipment. 

Yes  Patrik 
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Einar – Annelund 
Jan, Leif – Frölunda 
Danny Moore – North Hamptonshire  
Palmqvist, Mauri – SÄRF 
Hasse, Patrik, Torvald – Cold Cut Systems 
Norway – Norwegian fire fighters 

 

61.  If radio steering: Use the same trigger 
handle to control water for other 
applications.  

Yes  Patrik 

62.  Possible to change cutting support. Yes  Patrik, Palmqvist 

63.  Flexible wires and connector between 
lance and hose. 

Yes  Patrik 

64.  Branch should fulfill hydraulic standards, 
be acid-proof and stainless. 

Yes  Parik 

65.  It should be obvious how the lance should 
be used and maintained.  

Yes  Hasse 

66.  Rotate the cutting support around the 
branch. 

Yes  Lundmark, Palmqvist 

67.  Attachment for hose sleeve  Yes  Patrik 
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Appendix C Requirement specifications 

Redesign of the lance on a cutting extinguisher 

 

Metric 

No. 

Need 

No. 

Metric Importance Units Ideal 

value 

Marginal 

value 

  Body support     

1.  9 The body support should have a surface that prevents it from 
slipping off the shoulder. 

4 Validate - - 

The lance should be able to, while using it in both standing, sitting and laying position, be supported against the: 

2.  1 Hip 3 Validate - - 

3.  2 Armpit 3 Validate - - 

4.  44 Biceps 2 Validate - - 

5.  8 Shoulder 5 Validate - - 

6.  43 Thigh 2 Validate - - 

7.  25 The lance should be able to use in all pointing directions. 5 Validate - - 
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  Shell     

8.  42 The shell should have a logotype. 5 Validate - - 

9.  27,58 The shell should capsulate the electronic equipment. 5 Standard IP65 - 

10.  4 Possible to with easy fastening loose the shell and adjust the 
fixating point on the branch. 

2 Validate - - 

11.  57 If the hose coupling breaks, a replacement of the shell would not 
be forced. 

4 Validate - - 

12.  57 Possible to replace damaged shell. 5 Validate - - 

13.  36 Possible for a coworker to push on the lance. 2 Validate - - 

  Grip and handle     

14.  6 

 

There should be an obvious on/off button impossible to 
misinterpret.  

5 Validate - - 

15.  15 Clear feedback from all functions. 4 Validate - - 

16.  30,45 Best possible rest-position for the hand when the trigger is 
activated. 

3 Validate - - 

17.  12 Activation button for foam should be bi-stable. 5 Validate - - 
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18.  6 More robust on/off switch. 5 Validate - - 

19.  46 Activation button for foam should be suited for both left- and 
right-handed users. 

3 Validate - - 

20.  22 The lance should be easy to handle with gloves and other fire 
equipment on. 

5 Validate - - 

21.  17,24 When releasing the dead-man’s handle the trigger shall 
automatically be blocked. 

5 Validate - - 

22.  17,18,
24 

Dead-man’s handle for the functions water and abrasive. 5 Validate - - 

23.  18 The two functions; water and abrasive should be able to handle 
with one hand. As well as the safeties catch. 

5 Validate - - 

24.  19 The foam function should be able to handle with the same hand 
as for the water and abrasive. 

2 Validate - - 

25.  37,47 Adjustable support for the support hand. Both along the branch 
and perpendicular out from the branch. 

4 Validate - - 

26.  17 No button should be able to be activated accidently. 5 Validate - - 

27.  45 Ergonomically designed handles and triggers.  3 Validate - - 
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28.  59 Strive after standard handles and as small modifications as 
possible.  

4 Validate - - 

29.  4 Easy fastening of the trigger handle to make it possible to move 
along the branch. 

2 Validate - - 

  Radio control, general     

30.  16 Longer range on radio signal. 3 Validate - - 

31.  26 Fast and simple to change battery. 4 Validate - - 

32.  7 Not possible for the battery to fall out 5 Validate - - 

Alt. 1  Radio steering, interchangeable handle     

33.  60 The handle should contain transmitters, switches, battery and 
circuit board. 

5 Validate - - 

34.  61 Be able to use the same trigger handle to other compatible tools. 5 Validate - - 

35.  61 Abrasive- and foam buttons should be placed on the lance and not 
on the interchangeable handle. 

5 Validate - - 

Alt. 2  Radio steering, fixed handle     

36.  5 The handle should contain switches. 5 Validate - - 
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37.  56 The radio transmitter should be moveable to be connected to 
another device. 

5 Validate - - 

Alt. 3  Wire controlled handle     

38.  5 The handle should contain switches. 4 Validate - - 

39.  63 The lance’s electronics should be possible to connect with a 
flexible connector from the hose. 

5 Validate - - 

  Branch     

40.  55 Distance from shoulder to the outlet trough the nozzle.  5 mm 750 +400 

41.  4 Adjustable length of the branch. 2 Validate - - 

42.  64 The branch should fulfill hydraulic-standards, be acid-proof and 
stainless. 

5 Validate - - 

43.  65 It should be impossible to mount the nozzle in a wrong way. 3 Validate - - 

44.  38 An extra attachment branch to make the lance longer.  2 Validate - - 

  Cutting support  Validate - - 

45.  14 The grip surface between cutting support and wall must not slip 
easily. 

4 Validate - - 
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46.  25 The cutting support should have a stable contact surface in all use-
angles. 

3 Validate - - 

47.  21 Possible to hook the cutting support around an edge. 4 Validate - - 

48.  22,32,
33,41,
65 

The cutting support should be compact and easy to handle. 3 Validate - - 

49.  13 The cutting support should have a low weight. 4 Validate - - 

50.  62 The cutting support should quickly be interchangeable. 2 Validate - - 

51.  35 No rotation or slack of the cutting support during penetration. 4 Validate - - 

52.  66 Possible to rotate the cutting support around the branch. 3 Validate   

53.  29 Have an adequate distance between the nozzle and the surface.  4 mm 7,5 ± 2,5 

  Splash protection     

54.  11 Prevent the water jet to bounce back in operator’s face. 4 Validate - - 

55.  11 Align the splash in one direction. 1 Validate - - 

  Coupling protection   - - 

56.  40 Protect operator from leakage from coupling. 5 Validate - - 



-Requirement specifications- 
 

 C-7

57.  40 The hose coupling protection covers the whole risk area. 5 Validate - - 

58.  40 The hose coupling protection should not be an obstacle when 
using the hose coupling. 

4 Validate - - 

59.  67 Attachment for hose sleeve. 5 Validate - - 

  Carrying      

60.  3 A way to carry the lance without using hands. 1 Validate - - 

61.  3,39 Possible to carry the lance with one hand. 5 Validate - - 

62.  17 Impossible to activating any button accidently while carrying the 
lance. 

5 Validate - - 

63.  3 Be able to attach the lance to a belt while climbing in ladder. 2 Validate - - 

64.  3,21 Enable fixation of the lance to the surrounding when using the 
lance on a ladder, sky lift etc. 

4 Validate - - 

  Maintaining   - - 

65.  57 No consumables of important parts except the nozzle. 4 Validate - - 

66.  57 Easy to change/repair broken parts. 4 Validate - - 

67.  57 No special tools needed for disassembling.  4 Validate - - 
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68.  14,25 Maintain sharpness or friction on the cutting support. 4 Validate - - 

69.  31,57 Easy way to clear/change the nozzle. 3    

  Environmental   - - 

70.  48 Should be constructed of recyclable materials. 4 Validate - - 

71.  49 Possible to use in a wide temperature range. 4 Celsius -10 to +55 - 

72.  50 Be stored in a wide temperature range. 4 Celsius -40 to +55  

73.  51 Possible to operate a temperature of 150°C for a time. 4 Min 10 Or 
longer 

74.  52 Possible to operate a temperature of 200°C for a time. 4 Min 5 Or 
longer 

  General    - - 

75.  54 Be manufactured by non-magnetic materials. 4 Validate - - 

76.  13 Lighter then previous lance. 5 Validate - - 

77.  32 As small and compact as possible. 3 Validate - - 

78.  41 Not be wider then present solution. 4 Validate - - 
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Importance scale 

1. The requirement is not important; it should only be fulfilled if it could be so without any trade-offs whatsoever. 

2. The requirement is not important; it should only be fulfilled if it could be so without any trade-offs of other functions. 

3. The requirement would be good to fulfill, but is not necessary. 

4. The requirement is important, but it could exist a solution without it. 

5. The requirement is critical and it could not exist a solution without it. 
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Appendix D Kesselring matrix of combined sub-solutions 

Metric 

No. 

Metric Combined subsystem 

  A B C D E F G H 

Body support 

1.  The body brace should have a surface that prevents it from slipping off the 
shoulder. 

3 3 2 3 3 2 1 2 

2.  The body brace design should distribute the force equally over the shoulder. 2 2 2 2 2 2 1 3 

The lance should be able to, while using it in both standing, sitting and laying 
position, be supported against the: 

        

3.  Hip 2 2 2 2 2 2 3 1 

4.  Armpit 3 3 3 1 2 3 3 1 

5.  Biceps 2 3 3 2 1 2 3 3 

6.  Shoulder 3 3 2 3 3 2 2 2 

7.  Thigh 2 2 2 1 2 2 2 1 
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8.  The lance should be able to use in all pointing directions. 3 3 3 3 3 3 3 3 

Grip and handle 

9.  The lance should be easy to handle with gloves and other fire equipment on. 2 2 3 2 2 3 2 3 

Carrying 

10.  Enable fixation of the lance to the surrounding when using the lance on a 
ladder, sky lift etc. 

2 2 1 2 2 2 1 1 

Total 24 25 23 21 22 23 21 20 
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