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Sammanfattning 

Den svenska polisen har många problem med deras skyddsvästar. Rikspolisstyrelsen 
har även märkt att det särskilt är skyddsvästen för kvinnor som de har mest problem 
med. Utifrån intervjuer med kvinnliga poliser i Stockholm har det kommit fram vilka de 
olika problemen med skyddsvästen är. Alla tyckte att det blir alldeles för varmt med 
västen på, särskilt på sommaren. Materialet andas intetillräckligt bra. Många känner 
även smärtor i både rygg och axlar. Den är för kort så den skär in i magen. Den blir 
framtung av extraplattan på framsidan. Ett annat problem många pratade om var att 
skyddsvästen sitter åt så tight så det blir svårt att andas djupa andetag om de behöver 
göra ansträngande uppgifter så som att springa efter någon. På grund av detta och att 
den dessutom blir så varm gör att många knäpper upp västen i sidan för att få in mer 
luft och kunna vidga bröstkorgen. Syftet med projektet är att besvara de två frågor, 
primär och sekundär, som ställts av FOI:  

1.Hur skulle skyddsvästar vara konstruerade och utformade om de vore designade för 
kvinnlig personal?  

2.Finns det anledning att ifrågasätta dagens standardiserade skadekriterier om 
bärarens kroppsvikt minskar avsevärt?  

Projektet har varit en iterativ process och många metoder har använts. Intervjuer och 
workshop har gjorts med användarna för att ha deras behov i fokus. Brainstorming och 
prototyper har gjorts för att enkelt kunna visa och förstå funktionerna av västarna. En 
kombinationsbrainstorming gjordes för att seom de olika koncepten kunde kombineras 
och därmed bli ännu bättre. Därefter har ett konceptval gjorts med hjälp av 
konceptutvärderingsmetoder så som QFD och en Pugh matris där användarnas krav 
har stått som grund.  

Det koncept som var mest omtyckt av användarna och även fick best betyg i 
utvärderingarna var det som var mest flexibelt. Det koncept som tillåter användarna att 
kunna ta djupa andetag när de utövar fysisk aktivitet. Den väst där användarna slipper 
knäppa upp i sidan för att låta bröstkorgen utvidgas.Västen har bättre skydd i sidan så 
även om skyddsvästen skulle knäppas upp kommer den ändå skydda polisen mot 
eventuella projektiler.  



 
 

Olika material för skyddsvästens yttre hölje har undersökts. Ett material som andas bra 
och leder bortfukt bra är det som sökts. Det material som valdes är ett naturligt 
funktionsmaterial som kan absorbera fukt upp till 30 % av sin vikt och på så sätt 
hållakroppen torr.  

Svaret på den andra frågeställningen har diskuterats fram. Tidigare forskning har inte 
dragit några slutsatser om bärarens vikt bidrar till ökad eller minskad skada från en 
projektil. Därför har en diskussion utifrån tidigare forskning gjorts och slutsatser har 
dragits mellan dem. Slutsatsen är att;Ja, det finns anledning att ifrågasätta 
skadekriterierna om bärarens vikt minskar avsevärt.  

En slutsats som dragits är att det behövs en mer nära relation mellan utveckling av 
dagens västar och användaren. 
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Abstract 

The Swedish police have many problems with their body armor. The National Police 
have noticed that it particularly is the body armor made for women that they have the 
most problems with. Based on interviews with female police officers in Stockholm, it has 
emerged what the various problems with the armor is. Every one of the interviewees 
thought that it is far too warm with the body armor on, especially in summer. The 
material does not breathe well enough. Many of them also feel pain in the back and 
shoulders. It's too short so it chafes into the stomach. It becomes front heavy with extra 
plate in the front. Another problem many of them talked about was that the body armor 
is too tight so it becomes difficult to take deep breaths if they would have to do 
exhausting tasks such as running after someone. Because of this, and that it also gets 
so warm makes many of them unbuttoning the vest in the sides to ventilate and be able 
to expand the chest. 

The project aim is to answer the two questions, primary and secondary, that is compiled 
by FOI: 

1. How would body armor be designed if they were made for female staff? 
2. Is there a reason to question today’s standardized injury criterias if the users 

body weight is significantly reduced? 

The project has been an iterative process, and many methods have been used. 
Interviews and workshops have been made with the users to have their needs in focus. 
Brainstorming and prototyping has been made to easily view and understand the 
features of the vests. A combination brainstorming was done to see if the different 
concepts could be combined and thereby become even better. After that a concept 
selection was made using concept evaluation methods such as QFD and a Pugh matrix 
where the user requirements have been the foundation. 

The concept that was most liked by the users and also got best rating in the evaluations 
was the one that is the most flexible. It is the concept that allows the users to take deep 
breaths when exercising physical activity. It is the vest where the users do not have to 
unbutton in the side to let the chest expand. The vest also has better protection in side 
so even if the armor would be unbuttoned, it will still protect the police against 
projectiles. 



 
 

Various materials for the body armors outer casing have been investigated. A material 
that has a high breathability and can lead the moisture away is the material that has 
been sought. The chosen material is a natural functional material that can absorb 
moisture up to 30% of its weight and therefore is keeping the body dry. 

The answer to the secondary question has been discussed. Previous research has not 
drawn any conclusions about if the wearer's weight contributes to an increased or 
decreased injury from a projectile. Therefore, a discussion based on previous research 
done and conclusions have been drawn between them. The conclusion is that; Yes, 
there are reasons to doubt the injury criteria if the wearer's weight is significantly 
reduced. 

A conclusion drawn is that a closer relationship between the development of today's 
vests and user is needed. 

  



 
 

Nomenclature 

The following word list is from the standard HOSDB Body Armour Standards for UK 
Police(2007) Part 1 and NIJ Ballistic Resistance of Body Armor Standard 0101.06. 

Accessory Ballistic Panels 

Armor components that are removable from the primary body armor sample that is 
intended to provide comparable ballistic protection. Examples of accessory ballistic 
panels are groin, coccyx and side protection panels. 

Angle of Incidence 

The angle formed by the line of flight of the missile or bullet and the perpendicular to the 
plane tangent with the point of impact.  

Armor Panel 

Also known as protection panel or pack. Is the protection against ballistic and/or 
knife/spike threat and is constructed in layers.  

Armor plate 

The structure which is intended for protection against high velocity, high energy, armor 
piercing and projectiles. 

Back Face 

The Back Face worn against the body and is the inner surface of the body armor. 

Back Face Signature (BFS) 

This is the maximum displacement of the back surface of the protective pack. The 
displacement is caused by a fair hit. The hit does not penetrate the armor. 

Backing material 

A homogenous material of non-hardening, oil based modelling clay. Roma plastilina 
No1 shall be used.  

The armor sample is placed upon the backing material during the testing. It consists of 
multiple layers of material: the strike face of four layers of neoprene sponge, one layer 
of closed-cell polyethylene foam, and two layers of rubber.  

Backside deformation 

The deformation caused by the hit or strike in the backing material. 

Ballistic Limit 

At the velocity where the bullet is expected to perforate the armor 50 % of the time for a 
given bullet type. Typically displayed as the V50 or V50 value. 

  



 
 

Ballistic safety vest 

Safety vest that gives protection against ballistic threat. 

Blunt trauma 

This is the injury which is a result from energy transfer from the weapon or projectile to 
the body.  

Carrier 

The carrier is the outer garment of the body armor.  

Dyneema 

“Dyneema® is an UHMwPE fiber…The fiber is incredibly versatile with virtually limitless 
applications” (dyneema.com). UHMwPE means Ultra-high Molecular Weight 
Polyethylene. Dyneema is used in body armor as protective material. 

Flexible Body Armor 

A body armor made of pliable, textile-based materials so that the complete system I 
capable of being flexible. These systems are typically in forms of vests or jackets and 
provides generally against handgun threats.  

Hard Armor or Rigid Armor 

Rigid armor systems, plates, inserts, accessories or semi-rigid armor system that has 
rigid plates typically designed to protect against rifle threats.  

Hidden safety vest 

In this report the hidden safety vest is a safety vest worn under the uniform. 

Insert 

A unit of ballistic material that can enhance the ballistic performance of the armor panel. 
It can be removable or non-removable. Examples of inserts are: trauma packs, trauma 
plates, or trauma inserts. 

Kevlar 

Protective material that is “Best known for its use in ballistic and stab-resistant body 
armor” (dupont.com). 

Modular Insert 

The modular insert is additional items that can be added to the body armor in order to 
increase the level of protection.  

Penetration 

Penetration is the complete perforation of an armor sample by a fragment, or whole.  



 
 

Any impact where the projectile passes into the armor. A penetration can be either a 
stop or a perforation. A stop or partial penetration is a result if (1) the entire projectile is 
captured or deflected by the armor, or (2) no fragments of either the projectile or the 
armor become embedded in the backing material. 

Protection 

Definition by. ne.se device to prevent the harmful effects of unwanted phenomenon. 

Stab resistance 

Stab resistance is the ability of a material or combination of materials to prevent 
perforation by a knife/spike or similar weapon.  

Tactical safety vest 

A vest worn outside the uniform with a higher safety degree. 

Threat 

A threat in this report is seen as a projectile or knife/spike or similar weapon. 
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1 Introduction 

1.1 Background 

The Swedish police and military forces have raised a concern concerning the body 
armor currently in use. The body armor that the police are wearing today is both a 
concealed vest and a tactical vest. The concealed body armor is placed closest to the 
body and is used by the police in external service on daily basis. The tactical body 
armor is visible and placed outside the uniform. It is used by Special Forces and for high 
level threat scenarios. The army body armor is a kind of tactical vest. It is heavier and 
has a higher level of protection. 

To understand the concern with body armor for women, a small “Service safari” was 
made. Explanation of the safari in chapter 2.8 Safari). By using the vest the concerns 
got clearer. After a few hours wearing the vest, the most obvious conclusion was that 
the vest felt warm, it increased the body temperature. It was also tight fitted over the 
bust area, which made it harder to take deep breaths. Around the waist it felt loose and 
ill fitted. When sitting down the vest chafed into the stomach. These four experienced 
problems were the first and main problems with the vest. 

Even if the police are using body armor, they are not fully protected against injuries. 
Armor protects against a projectile that would penetrate into the body if the armor was 
not worn. However, the carrier can still get injuries from Behind armor blunt trauma, 
BABT, arising out of the power and energy that the bullet causes. A good body armor 
reduces BABT but depending on the weapon and if the projectile has an high enough 
speed it could still puncture a lung or damage the ribs for example. There is much 
research made regarding BABT and how to make a vest that protects even against this 
without making it too heavy and bulky for the wearer. It is a difficult balance and this will 
be discussed in more in Chapter 6. Secondary issue. 

1.2 Aim 

The aim of the project is to create a body armor customized for women. 

The primarily question asked in this project is: How would body armor be designed if 
they were made for female staff? 

The secondary question is: Is there a reason to question today’s standardized injury 
criteria if the user´s body weight is significantly reduced? 

The goal of the project is to make a final prototype of the user-adapted body armor that 
will show both function and design. 

1.3 Delimitations 

Delimitations given from FOI: 

 All police and military shall have right to have the same protection level. 

 Today’s protection requirements remains, but the effects like behind armor blunt 
trauma and energy absorption shall be investigated for small body mass. 

 All the police and military shall be able to solve all their tasks.1 
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 The requirements of equipment, posture, endurance, and hygiene should be 
maintained. 

 The study shall include both concealed and tactical vests but no other equipment 
like helmet and riot equipment. 

Other delimitations for the project are that the protective material inside the vest 
remains and that the outer case of the body armor needs to be waterproof and UV 
protected. Delimitation is for the prototyping. Because of the time consumption, only one 
size of the model shall be produced for the prototype. 

Delimitation is made that no prototypes of the tactical vest will be made. From the 
interviews it was determined that the user group only has worn the tactical vest once or 
twice during their service. Because of lack of experience not much information about 
wearing the tactical vest has been collected. An additional group of users has not been 
an option because of the time frame. 

1.4 Methods 

The structure of the project will consist of information retrieval, iterative user tests and 
prototyping. Simple prototypes will be tested continuously with the users. Field trips are 
planned, for example to the School of Textiles in Borås and the Materials Library in 
Älvsjö, Stockholm. Documentation will be ongoing throughout the project in the form of 
report and journal. 

A visual process schedule was made to know how to get to the final product. It shows 
the iterative process and an overview on which concept evaluations that will be made. 

 

Figure 1 The visual process schedule 

Other method that was used in this research is listed below in a chronological order. A 
description for the different methods are presented in 10.1 Appendix 1 – The methods 
used in the project 
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A Risk analysis was made in the early beginning of the project to understand the risks 
and obstacles that could be encountered during the project. 

A Stakeholder map was also made during the beginning stage. The reason to do a 
stakeholder map is to easier mark the issues related to each stakeholder group. With 
this method it is easier to know what each stakeholder group wants. 

A Service Safari which includes wearing the body armor, was made during the 
information research phase. When doing a safari the problems with the body armor gets 
clearer and it gives a better understanding for the every-day-wearer. 

Mind mapping with words of value was made to ascertain the characteristics and 
emotions the body armor will have for the user. 

A Brainstorming was made to get a lot of ideas. In this stage the information research 
has just begun because some knowledge is good but it is still possible to think outside 
the box and get innovative ideas. These ideas were put together into different concepts. 

Contextual interviews where the interview was made on the police stations. If the 
interview is made in a familiar environment, the interviewee can feel more secure and 
calmer. 

Semi structured interview was made with 11 interviewees from different police 
stations around the Stockholm area. When the interview is semi structured it means that 
the questions are more flexible. New questions can be asked as a response to the 
answer and it becomes more like an open dialog. 

Love and hate is a concept evaluation method were a list of what is good (Love) and 
what is bad (Hate) with each concept. 

Pugh’s matrix is another concept evaluation where the concepts are set against each 
requirement from the requirement list. A weight factor is set for each requirement to see 
how important the different requirements are compared with each other. This evaluation 
was done for the combination concepts. 

A QFD was made after the requirements list from the Swedish police was put together. 
The requirements are set against how the requirements can be solved and compare 
them to each other. 

Prototypes were made from some of the concepts to show the interviewee group the 
function of the concepts. It is easier to understand and get a feeling of how the function 
works when it is prototypes instead of 2D sketches. 

The Workshop was created so that the interviewee group could see and try on the 
prototypes. When meeting each other and talking about the prototypes they might get 
another view on the problem and reaches other requirements that are more important 
than they previously considered. 

A SWOT analysis was made to determine the Strengths, Weaknesses, Opportunities 
and Threats with the selected concept compared with the other concepts and other 
body armors. 
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2 Frame of reference 

2.1 FOI 

FOI is the Swedish Defense Research Agency and is one of Europe’s leading research 
institute. The employees at FOI have different academic backgrounds like physicists, 
engineers, lawyers, and IT technicians, all working together with advanced research. 
FOI is a part of the ministry of defense and is financed mainly by assignments. Their 
main costumers are the Swedish armed forces and the Swedish Defense Materiel 
Administration but also civil authorities and the enterprise seek FOI know-how. They 
have many international contacts and is working among foreign authorities, research 
agencies and companies. Their fields of application are many, such as “security policy 
studies and analyses of defense and security, assessments of various types of threats, 
systems for crisis leadership and management, protection against and management of 
hazardous substances, IT security and the opportunities provided by new sensors.” 
(FOI). 

2.2 RPS 

RPS is the Swedish National Police Board. It is a”…central administrative and 
supervisory authority for the police”. The “…main tasks are to supervise the police and 
promote methodicalness, coordination and rationalization” The RPS can on behalf of 
the government “head police operations to prevent and detect offences against national 
security” (polisen.se). 

2.3 Behind Armor Blunt Trauma 

Ballistic body armor has the task of stopping small fast projectiles but even if the 
projectile does not penetrate the body armor, the carrier may still get injured when the 
bullets kinetic energy enters the body. This is known as blunt trauma in Sweden and 
internationally, it is called Behind Amour Blunt Trauma (BABT). The impulse and the 
energy that enters the body is often so high that it can cause damage to the internal 
organs. Therefore, today's ballistic protection not only have a stop demand for the 
projectiles, but also a requirement on the largest size of the deformation behind the 
vest, how much blunt trauma that may occur in order to that the wearer not gets too 
serious injured. (Hedenstierna, 2011) 

How large BABT is depends on the Backface Signature, which is the greatest extent of 
indentation in the backing material caused by a non-perforating impact on the armor 
(Office of Law Enforcement Standards, 2008). Both the military and police protection 
wear is today tested to a large extent according to the American standard NIJ. The 
criterion that NIJ has set as the highest Backface Signature in terms of BABT is 44 mm; 
this applies to all their means of protection (Hedenstierna, 2011). 

2.4 The Body armor 

According to ne.se a body armor west is defined as a garment with built in metal- or 
Ceram armor which is designed to protect against small fire arms or similar violence 
against the body (Nationalencyklopedin). 
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2.4.1 The swedish police’s body armor 

There are two different types of body armor used by the police women today on daily 
basis. The first one is a concealed vest which is made in two parts and connected with 6 
velcro straps. Two is positioned at the shoulders and two are positioned on each of the 
sides. This has protection level KR1 and RPS2. These two safety degrees are 
explained in part 3.3.7. It also has a extra bulletproof plate which is placed separately in 
the west. The plate has two versions. One is stiff and weighs less and the other one is 
more flexible but weighs more. 

The tactical vest that is used today is an extra vest that is put on the outside of the 
entire uniform and the concealed vest when the threat level is increased. It is larger so it 
protects a bigger area of the body. It goes further down over the stomach; it has 
protection over the shoulders and has also a neck protection. If the police get an alarm 
with a higher threat level, they stop the cars and put on the heavier tactical vest over the 
uniform and over the other concealed vest. Then they will drive to the crime scene and 
be fully protected when arriving. 

2.4.2 The military’s body armor 

The military has a heavier armor than the police with protection for higher threats. Year 
2012 the Swedish armed forces got new body armor from Swedish Defense Materiel 
Administration, FMV. This new body armor can be adapted to the threat, task, 
environment and function. It has more protection, is more ergonomic and more 
customizable. The protection consists basically of two vests, one that can be used 
hidden under the uniform and a one outside the uniform jacket with the ability to attach 
other equipment. 

The protection has two plates that can be placed inside the vest and be selected 
depending on the threat. The new vest has protection on the sides and is increasing the 
mobility capabilities. In addition, it is possible to supplement the protection vest with 
neck protection, upper arm protection and protectors, but can also be adapted for lighter 
configurations with enhanced protection for stoke impact and spikes in legs, arms and 
feet. 

Their new body armor called Body Armor 12 is a part of the so-called PBSUS which is a 
personal ballistic protective system. The system also consists of protection such as 
helmet, combined with hearing protection and communication it is now is under 
development. All the components in the PBSUS will together provide a complete 
protection over the body. 

2.4.3 Safetydegree 

Body armor standards for UK police, HOSBD have seven levels of ballistic protection: 

 HG1/A- lightweight flexible soft armor in very low risk patrolling situations 

 HG1- General duty soft armor for low risk situations 

 HG2- Special duty soft armor for firearms operations 

 HG3- Heavy duty armor in firearms operations, protects against specific 5.56 mm 
ammunition up to 228 barrel length (Croft & Longhurst, HOSDB Body Armour 
Standards for UK Police (2007) Part 2: Ballistic Resistance, 2007, pp. 10-11). 
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 SG1- Full-length shot guns at close range 

 RF1- soft –core ammunition fired from rifles 

 RF2- steel core high ammunition fired from rifles (Croft & Longhurst, HOSDB 
Body Armour Standards for UK Police (2007) Part 2: Ballistic Resistance, 2007, 
p. 1)  

There are three levels of knife and spike protection in HOSDB. They are also tested at 
their performance level:  (Croft & Longhurst, HOSDB Body Armour Standards for UK 
Police (2007) Part 3: Knife and Spike Resistance, 2007, p. 1) 

 The lowest is KR1 and KR1+SP1 at 24 joules of energy 

 Medium protection level is achieved through KR2 and KR2+SP2 at 33 joules 
of energy 

 The third and highest level is reached with KR3 and KR3+SP3 at 43 joules of 
energy 

National Institute of Justice, NIJ, in the US has five types of body armor classifications 
that shall withstand different ammunitions: 

 IIA – 9 mm and .40 S&W 

 II – 9 mm and .357 Magnum 

 IIIA – .357 SIG and .44 Magnum 

 III – Rifles 

 IV – Armor piercing rifle 

There is also the “Special type” level for those armors that is validated against 
threats that the five other standards does not cover. 

In the NIJ stab resistance tests it requires that the knife blade or spike impact the armor 
test samples at two different energy levels. The first energy level is called E1 and is 
corresponded to the percentiles of the male population. Research has showed that the 
maximum allowable level of penetration should be 7 mm since it is extremely unlikely for 
internal injuries to the organs at 7 mm. The other energy level implies that the knife 
blade or spike kinetic energy is increased by 50%. This higher energy condition is called 
E2 and has a maximum penetration level of 20 mm. 

 

Table 1 Stab resistant protection level strike energies 

2.5 Project evaluation 

Phase evaluations have been made after each phase to determine what has been done 
and when. Also what could have been done better and what was done well is presented 
in order to improve the work process. Before the information research began a time 
schedule was created in order to get an overview of the project and the time required for 
each tasks. A risk analysis and a stakeholder map was also done. 
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2.5.1 Risk analysis 

Risk Action 

No contact with the police Get another group of users 

Delay on materials Find substitute materials at sewing stores 

One of the project members gets ill Delimiting the work 

The police is pulling out Find new group of users 

Construction problem – time pressure Find other programs or machines 

®Manufacturing of the new vest is not 
possible 

Handmaid manufacturing with substitute 
materials 

Another party takes the project ideas Continue anyway 

 

Table 2 Risk analysis for the project 

2.5.2 Stakeholder map 

 

Figure 2 Stakeholder map 

2.5.3 Time Schedule 

A time schedule was made to plan the project. It is seen below. 
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Figure 3 Time schedule 

2.6 Materials 

There are different materials that can be used for the outer case of the body armor. The 
material shall have a good breathability, that it will have a cooling effect in the summer 
and warming effect in the winter. It should also be lightweight. 

Materialbiblioteket or materials library was visited to the search for the best material of 
the outer case. The hope was to find inspiration and different fabrics and even new 
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technical solutions for functional garments. Unfortunately the Materialbiblioteket did not 
have much knowledge about any textiles but referred to the Swedish school of textiles 
“Textilhögskolan”, a university in Borås. They were contacted and suggestions on 
different companies were given. 

2.6.1 Fabrics on the market 

COOLMAX® Fabric 

COOLMAX® is described as a “…cool, soft and high performance fabric”. The fabric is 
machine washable and dryable. It is the structure itself that makes it breathable. The 
fabric is also moisture wicking. (invista). The COOLMAX® freshFX® fabric also helps 
the wearer to”…stay cool, dry and fresh…” in the active wear (invista). 

Functional t-shirt 

This t-shirt is according to the seller meant to keep you dry and fresh all day. It is made 
of the material Ciba Dry, which is a 100% micro polyester in combination with a special 
stitching technique. It is strong and form stable. It is also washable in 40°C. The weight 
is 160g/m² (idefixteko.se). 

 

Figure 4 Picture of functional tshirt. Picture from: 
http://www.idefixteko.se/open_produkter/produktinfo_body.asp?prodid=16410&plats_id=0 

Long underwear 

Siden Selma is a company that works with silk. They make underwear in silk knitted 
fabric. The material is as they call it ”natures own technical material”. The material cools 
you down when it is warm and warms you up when it is cold. The weight in a more 
rough thickness is 160g/m² (sidenselma.se).  

http://www.idefixteko.se/upload/5519-12webb.jpg
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Figure 5 Long underwear from SidenSelma. Picture from: 
http://www.sidenselma.se/underwear/sidenl%C3%A5ngkalsong-dam 

Functional yarns 

Schoeller-wool is a company that makes functional yarns. For instance they make a 
yarn called THERMO² with 60% carbonated polyester and 40 % extra fine merino wool. 
It is machine washable (schoeller-wool.com). 

Merino Wool 

Merino Wool is nature´s own technical material. It “has an insulating effect against both 
heat and cold”. When it is moist the fabric can absorb the moisture and keep the body 
dry. The wool can absorb moisture up to 30 % of its on weight. It also transports the 
moisture through the fabric until balance is reached. “Wool is self cleaning and does not 
smell”. (woolpower.se) 

2.6.2 Function materials 

There are three types of function materials for outdoor usage. The first one is a 
membrane, the second is micro fiber and the last one is coatings. (Willners, 2013) 

The theory behind all three materials is that a water drop has a size around 100 microns 
and a water molecule has a size of 0.0004 micron. The material lets the smaller 
molecules through while the bigger stays. Also, the nature always strives for equilibrium 
and moisture migrates towards dry air and warmth towards cold (Willners, 2013). 

Membrane is the best of the three. It has the best water resistance, best strength and 
best breathing but is more expensive. A membrane is a thin plastic film which is 
laminated on the inside of the outer fabric. The film is most commonly porous. It has 
small holes which lets small water molecules (vapor) to pass the fabric. Bigger water 
drops cannot pass the material since the holes are too small (Willners, 2013). 

If the membrane is not porous it is instead working on a molecule level. When the fabric 
gets warm the holes between the molecules expand. The warmer the surroundings are 
the better the material breathes (Willners, 2013). 

http://www.sidenselma.se/sites/default/files/SidenSelma2013_2163_0.jpg
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There are also two and three layers of functional materials. Generally a two layer 
construction breathes better while a three layer is stronger and smoother (Willners, 
2013). 

A coating is from the beginning a paste which is spread out on the backside of the fabric 
in a thin layer. When it has dried small cavities is created which works like membrane 
(Willners, 2013). 

Microfiber is a fabric construction which makes the garment water resistant but not 
entirely waterproof. The microfiber has small holes between the fibers in the fabric and 
these works like the holes in a membrane (Willners, 2013). 

2.6.3 Liquid armor 

There are two types of liquid armor under development. They “…both start with a 
foundation of DuPont Kevlar”. With the liquid armor the impact is spread “…over a  large 
surface area”. There are two types of liquid armor. The first one is a shear-thickening 
fluid (STF) which “ behaves like a solid when it encounters mechanical stress or 
shear…”. It is like a liquid until “an object strikes or agitates it forcefully”. If you hit the 
liquid the surface will quickly solidify (Wilson). 

The STF is made of silica particles and polyethylene glycol. When the energy of a 
sudden impact hits the fluid the particles form masses, so called hydro clusters. With 
the liquid armor less layers of Kevlar is needed (Wilson). 

The other fluid under development is the Magneto rheological fluid (MR). This fluid can 
reinforce Kevlar as well as STF. This fluid is oils filled with iron particles. “When 
exposed to magnetic field, the particles line up, thickening the fluid dramatically” 
(Wilson). This means that the material hardens and can stop bullets better. 

2.7 Information research 

In the information retrieval phase where essential information within the body armor 
area was retrieved. Initially two standards for body armor were read, the NIJ Ballistic 
Resistance of Body Armor and Stab resistance of Personal Body Armor from the US 
and the HOSDB Body Armor Standards for UK police. These standards are both used 
as regulations for what the body armor shall be able to cope with. In both standards a 
specific test procedure is executed in order to get a certain level of threat resistance.  

2.7.1 Statistics 

According to the Swedish Arbetsmiljöverket between the year of 2008 and 2012 the 
relative frequency of occupational injuries (with accidents at work with sick leave and 
occupational diseases) has increased from 15 to 21 for women and 9 to 15 for men 
(Arbetsmiljöverket, Arbetsskador, 2014). 

The largest reason for occupational diseases are according to the arbetsmiljöverket 
between 2008-2012 caused by musculoskeletal injuries. This with 380 injuries for men 
and 386 for women (Arbetsmiljöverket, Arbetssjukdomar, 2014). 

Among the musculoskeletal injuries a sitting position; too long/too often is involved as 
well as other musculoskeletal injuries such as wearing to heavy equipment. Also, 
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wearing safety equipment and safety clothes is documented as a reason for 
musculoskeletal injuruy (Arbetsmiljöverket, Arbetssjukdomar, 2014). 

2.7.2 Market 

There are different types of body armors on the market today. A thorough market 
research was done by searching through Google and YouTube what different armor 
looks like, when and where they are used.  

Thorax protector for female bikers is showed in figure 6 and 7. The front plate is made 
in polypropylene. The plate is perforated and the padding is made of polyethylene foam. 
The front plate is in ergonomic shape and Crash absorb© is used as insert use foam 
padding. It is available in size small, medium and large. 

 

Figure 6 Front side of torax protector 

 

Figure 7 Back side of torax protector 

The vest in figure 8 and 9 is a bulletproof vest designed to be worn concealed 
underneath a suit or a jacket. The protection level is NIJ III-A. The weight is 2.6 kg and 
the ballistic material is Spectra Kevlar©. The envelope is made of 100 % polyester. The 
outer shell is made of poly/cotton and “…polyurethane-coated rip-stop nylon 
encasement keeps the ballistic materials clean and dry” (canarmor). 
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Figure 8 Front side of bullet proof vest 

 

Figure 9 Back side of bullet proof vest 

The vest in figure 10 is used by police force in UK, Germany, USA and Canada. It is 
ballistic, spike/knife and puncture proof of NIJ level II. It has a Cordura © protection. 

The weight is approximately 3 kg. Is a concealed vest with 22 layers of DuPont Kevlar© 

(safeguardclothing.se). 
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Figure 10 Front side of body armor for policemen 

The next vest in figure 11 has a ballistic protection according to NIJ level II and a 

knife/spike resistance according to NIJ level I. It has 22 layers DuPont Kevlar©. The 

west is used by policemen in UK, Germany, USA and Canada. The weight is around 3 
kg, depending on size. The vest is worn concealed and made of Condura© 
(safeguardclothing.se).  

 

Figure 11 Condura bullet proof vest 

The final vest showed in figure 12 is another west made for women. It has 22 layers of 

DuPont Kevlar© and a ballistic resistance of level II and a Knife/spike resistance of NIJ 

level I. It has a CoolMAX© protection and is also used by policemen in UK, Germany, 

USA and Canada. The weight is around 3 kg depending on size (safeguardclothing.se). 
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Figure 12 Female body armor 

The vest in figure 13 is the “Cooling vest” by TST Sweden. This vest helps to keep the 
body temperature in a comfortable and stabilized comfortable temperature zone. This 
zone is between 28-35 ° C. It can be recharged and stored in maximum 22 ° C 
(Coolingvest, 2011). 

It can be used while smoke diving for 90 minutes in 60° C. For 4 hours it can be used at 
normal work at 45 ° C. The vest has temptech an element inside which uses the nature 
fact of storing energy and absorbing excessive heat. The elements “…consists of a non-
toxic, non-flammable blend of salts…”. It is also guaranteed to last more then 1000 
cycles (TST Sweden AB). 

 

Figure 13 Cooling vest. Picture from: http://viewer.zmags.com/publication/14366066#/14366066/4 

In sports different types of protection are used. For instance when riding a motorcycle or 
in horseback riding. The protection armor in those cases in designed to protect against 
pressure if the wearer is falling down.  

In mountain bike cycling body armor is also used to protect the wearer when falling off 
the bike or if bumping into a limb or a tree for instance. Body armor for military use is 
also another area of use since it gives protection against higher threat levels. 
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2.7.3 The police work environment 

A report was made by Hälsohögskolan in Jönköping regarding the polices work 
environment. In part one of their report (Elgmark Andersson, Bæk Larsen, Tranberg, & 
Ramstrand, 2013), physical aspects were considered. The work shows that one of the 
areas that the police feel contributes to musculoskeletal disorders of the joints and neck 
is the safety equipment. In the research they handed out a questionnaire with 58 % 
respondents. Of these 58 %, 26 % were women. 87 % of the respondents use their 
body armor during working hours. 18 % of the 87% have experienced discomfort always 
or very often when they stand and walk with the body armor. Discomfort was 
experienced often or always by 25% of the respondents while sitting in the police car. 
72% feels that their mobility is affected by the body armor and equipment belt (Elgmark 
Andersson, Bæk Larsen, Tranberg, & Ramstrand, 2013). 

81% considered that the belt and the body armor increased their body temperature.  
Half of the policemen, participated in the research, spend 50% of their working time 
sitting down. 25% feels that the body armor is troubling them while sitting in the car. 
Routinely 88% of all policemen using uniform is using body armor (Elgmark Andersson, 
Bæk Larsen, Tranberg, & Ramstrand, 2013). 

2.7.4 The ergonomic project 

In the newspaper “Finnveden nu” it was written about a project in ergonomics 
concerning the Swedish police force. Safety representatives reported to the Swedish 
“Arbetsmiljöverket” that many police officers had back problems and this issue was 
decided to be resolved nationally. The police equipment weighs around 12 to 15 kg and 
is worn 8-10 hours a day. The weight is one of the reasons along with complex and 
varied work situation that is causing injuries and aches in backs, shoulders and neck 
(Nordström, 2013). 

On the website “svenskpolis.se” it was also written about a study in ergonomics with the 
Swedish police. The study shows that the police sit bad and way too long. The heavy 
equipment along with driving a car seems to be the reasons for musculoskeletal injuries 
within the police force. The study also shows that the police spend a long time of their 
workday sitting in a car. The equipment in a belt that the police are wearing is also in 
the way while sitting. The policemen that were a part of the pilot study wanted a broader 
range of clothes and equipment as well as different solutions for the equipment (Orre, 
2011). 

2.7.5 Pregnant and wearing body armor 

In a Swedish website called “familjeliv.se” it is discussed about pregnancy and being a 
police officer. They said that most officers in external service they know of stops 
working in the fields in week 10-12 of the pregnancy (FamiljeLiv.se) 

The Swedish Work Environment Authority is responsible for the requirements on the 
employer when it is known that the employee is pregnant. The employer is responsible 
for a work environment that shall not harm the child (Nordlander, 2009). A decision is 
made, by the employee, what arrangements needs to take place. When making such a 
decision several factors are taken into consideration. These are for instance physical, 
chemical and load ergonomic factors (Nordlander, 2009). 
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2.8 Safari 

A safari was made which means using the concealed body armor for a week and taking 
notes during each day. The body armors were borrowed from safe4u, the company that 
designs and manufactures today's body armor. This was done to get a good 
understanding of what it feels like to wear body armor. During the day the vest was 
mostly used while sitting down. Some small exercises were done like running about 100 
meter to get an idea of how it felt when the pulse rises and the police officer was 
physically active. 

The first impression of the body armor when putting it on was that it was very light. It did 
not feel like the vest would cause any discomfort or load. It helped the back to be 
straighter and it felt like wearing a very tight winter jacket, not heavier than that. 
Although, after a while the problems became more obvious. 

 Hard to breath 

It was hard to take deep breaths when the vest was tightly fitted. The first 
reaction was to loosen the straps a bit, but then it did not overlap on the 
sides, decreasing the protection coverage. 

Hard to catch the breath after running when it is pushing on the chest. 

 Warm 

When it overlaps on the sides it fits better but becomes warmer. 

It started to get really warm and the sweat did not ventilate away. 

It was sweaty on the back and under the bust. 

 The Velcro straps 

The Velcro straps had sharp edges at the seams 

It was some problem with tightening of the vest with the straps by the 
stomach. 

The velcro straps needs to be re-adjusted for it to be comfortable. 

The velcro get stuck in the hair and everywhere when putting it on. 

 Not fully protection on the bust 

If the person wearing the body armor has a large bust it does not give full 
protection on the whole bust. 

The sides of the bust are uncovered because the vest is too small at the top 
part. 

 It is interfering 

When sitting down by a desk and writing the vest is in the way. 

It feels bulky and it hits the table when leaning forward. 

 Pain 

Experience pain in the back after about a half work day. 

It cuts into the stomach when leaning forward. 

It is a relief when taking it off. 
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The body armor was used with both a regular bra with a cotton top over and with a 
functional top and sports bra underneath. The conclusion was that the regular bra and 
cotton top was much warmer. The bra was cutting into the skin and the top out of cotton 
did not allow the sweat to ventilate, the fabric did not breath. It was very warm on the 
back and especially under the bust. With the sports bra and the functional top it felt 
cooler. The garments did breathe better and the sports bra pushed up the bust so it did 
not get as warm underneath. The sweat on the back was led away by the fabric so it did 
not feel as sweaty. The sports bra did not cut into the skin as much either. The seams 
on the sports bra did leave marks on the skin but it was not noticed while wearing the 
vest. When wearing a sports bra instead of a regular bra the bust fitted better under the 
vest. Then the bust was almost fully protected on the sides. 
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3 Concepts 

3.1.1 Concepts from the first brainstorming 

Before the brainstorming was executed a mapping of value words for inspiration took 
place, it is shown in Figure 14. 

 

Figure 14 Picture from the mapping of the value words. 

From the first brainstorming section 14 concepts were developed: 

1. Accordion 

The front side of the vest consist of parts. The case around is stretchy so that the 
wearer can easily breathe while wearing the vest. If a user has a larger waist the 
vest will stretch around the waist. If the user is larger around the bust the vest will 
stretch in that area. 

 

 

Figure 15 The function of the Accordion concept 

2. Rib 

The vest in this concept has ribs on the sides in the outer case. With these ribs the 
vest can be more stretched and fit a larger range of sizes. 
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Figure 16 Front and side view of the Rib concept 

3. Buckles 

Buckles of some kind of material shall be placed in the waist of the vest. Twist the 
buckle to the right or left, the user can tighten or loosen the vest to make it fit better. 

 

Figure 17 The Buckles concept 

 

Figure 18 Twist the buckle to tighten or loosen it 
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4. Draw cord 

This concept is similar to the buckles but in this the user can tighten the vest in the 
waist by pulling a draw cord. 

 

Figure 19 The Draw cord concept 

5. Zipper 

The user can easy put on the vest with the zipper and then tighten it with help of the 
elastic straps on the sides. Today the vest only has elastic velcro straps, the user 
needs to fasten it on one side first and then the other. If the vests don’t fit properly 
after that, the user has to loosen or tighten it on the first side and then loosen or 
tighten it on the other side until it fits and gives the right protection. The concept has 
slots on the sides that will make it easier to sit down. With the slots, the soft 
protective material in the bottom of the vest will “lift up” when sitting down. 

 

Figure 20 Zipper concept 
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6. Two parts 

The body armor is divided into two parts; one lower part and one upper part. With 
two parts it will be easier to fit the vest on the user. The vest can for example consist 
of an upper part in the size medium and the lower part in the size small. The two 
parts are overlapping to keep the perfect protection. 

 

Figure 21 Two parts concept 

 

Figure 22 The function of the Two Parts concept 

7. Compression molding protection material 

In this concept the protection material will be compression molded to make the vest 
have bust cups and get it more form fitted to women’s body. 
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Figure 23 Compression molding over the bust area 

8. Fish scales 

The fish scales concept implies that the body armor is divided into many small 
pieces of protection material attached together. With this design the body armor will 
follow the body whether the user is standing or sitting down in the police car. 

 

Figure 24 Fish scales 

9. Integrated bra 

With a integrated bra the vest will give support to the bust without having an extra 
garment underneath. An extra garment can wrinkle and get uncomfortable. The 
shoulder straps on a bra are a way for the user to adjust the vest up or down. The bra is 
removable and can be washed. 
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Figure 25 A concept with an integrated bra 

10. Three pieces 

This concept is similar to the Accordion concept. The difference is that this consists 
of three vertical pieces in the outer case. The protection material will still be in one 
piece inside the case. The three pieces will be sewn together and the design will 
make the vest follow the body in a better way. This concept also includes shoulder 
pads for a softer feel. 

 

Figure 26 Three pieces and shoulder pads 
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11. Pleated 

This concept is inspired by the fish scale concept but is made of strips of the 
protection material placed horizontal over the bust area. The strips will follow the 
body movements and will be comfortable whether the user is standing or sitting 
down. 

 

Figure 27 Pleated concept 

12. Cooling circuit 

This concept is created from the idea to solve the problem with increased body 
temperature while wearing the vest. On the inside of the body armor, the side 
against the user’s body there will be placed a cooling circuit of some kind. This 
circuit will lead the heat away from the body and cool down the body. It is important 
that the increased body temperature is not too high, and then it can be more difficult 
for the police to run after thieves for example. 
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Figure 28 The Cooling circuit concept 

13. Integrated function sweater 

The concept is similar to the integrated bra concept. It was told at the visit to one 
manufacturer of body armors that the users often are wearing a function sweater 
underneath the vest. The garment breathes better than for example a sweater made 
of cotton. If the function sweater is integrated to the body armor the user do not need 
to have another garment underneath that can wrinkle or become uncomfortable. 

 

Figure 29 A concept with an integrated function sweater 
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14. Integrated sports bra 

This concept is similar to both the integrated bra and the integrated function sweater. 
When it is a sports bra in combination with the body armor it will give the users 
support under the bust. It will also mean that it is not necessary to have another 
garment underneath the body armor that is uncomfortable. 

 

Figure 30 Integrated sports bra concept 

3.1.2 Combination brainstorming 

The combination brainstorming is a good way to generate new ideas. Keeping the mind 
still open forces the brain to “think outside the box”. There are no good or bad concepts 
in this combination brainstorming, everything is accepted and that allows people to be 
more creative. The combination brainstorming was made on the three favorite concepts 
from the workshop, chapter 5.3 Workshop. These new ideas were then evaluated using 
the method Pugh’s matrix. 

1. Two parts + Zipper 

This is a two-piece vest which splits horizontally around the waist. Placed just above the 
dividing line in the top part is a "skirt" of elastic ribs. The “skirt” goes all the way around 
the top part and has velcro at the bottom. Inside this "skirt" there is protective material 
which makes it possible to adjust the height of the bottom part vertically without having 
gaps on the protection. This changes the length of the body armor so that if the user 
has a taller upper body they will still be fully protected. It also avoids an additional 
production for an extended bottom part. On one side there will be a zipper that makes it 
easy to put on the body armor. 

2. Accordion + Two parts 

Instead of having the Accordion consisting of parts, this concept consist of fewer parts. 
It reduces the production work when the protection material can be cut into fewer 
pieces. The body armor will also be a bit lighter and thinner because the protection 
material overlaps at one line. 
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3. Accordion + Zipper 

This combination concept looks like the Accordion with the difference that between the 
first and second section, a zipper will be placed. This zipper is going to make it easier to 
open up the body armor so it is easier to take on and off. Since the sections lines are 
bent (not straight lines like in a rectangle) and must be able to flex it will also need a 
zipper underneath the sections. To be able to take off the body armor the user has to 
open the top zipper in order to reach the lower zipper located on the fabric of the case 
next to the skin. 
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4 User study 

4.1 Interviews 

To really understand what it is like to work as a police officer and using body armor 
every day interviews was conducted with a group of 11 female police officers at their 

work place. The interview questions are availible in Appendix 2 - Interview questions. 
It is hard to imagine how it is like, even though a safari was made. The safari only gives 
the feeling of wearing body armor for a few hours and not with the same tasks that the 
police do in their daily work. That is why it is important to ask what the users want and 
needs. A summary of what the interviewees wants and what is bad with it is found in 
Appendix 4 – Summary of the interviews. The interviews has been recorded and then 
transcribed in order to remember what was said and to analyze the received 
information. The information was then used for generating a requirements specification. 

On the question how a normal work day would look like the interviewees had a hard 
time to answer because in the police work two days are never the same. It started with 
a check of the police car and then they carried out their heavy and large bags with 
reinforcement equipment and extra clothes out to the car. After leaving the station with 
the car they are out looking for work tasks and listens to the emergency center in their 
radio. Many of the interviewees said that during the day they felt a lot of pain. Mostly 
they felt pain in the lower back and in the shoulders. They also felt that the posture gets 
worse with the body armor when it has the extra plate on the front which makes it 
become front heavy. That could be one reason way they get back problems they 
thought. On many of them the vest is also  too short so it chafes into the stomach which 
is uncomfortable especially while sitting down. It becomes front heavy with extra plate in 
the front. 

In some places, they have the heavy vest in the car all the time. If they are careless to 
check the sizes of the vests that are in the car, then they will have to put on whatever 
size they have. Apparently the vest will last longer if it lies horizontally. That requires a 
large storing place in the garage at the police station. That is why it always lay in the car 
all the time and often ends up lying under the police men’s heavy bags in the trunk. In 
other police work places, they bring a heavy vest from a hook on a wall in the right size 
and bring it out to the car. However, it seems like it is not always in order, so it could be 
that they think that they are taking a small vest that turns out to be large. This means 
that it will be harder for them to move in the bulkier vests or in some cases they do not 
get the right protection over the vital organs. 

Every one of the interviewees seems to want to have functional material under the vest. 
Two of them had a top of cotton underneath. One said that the reason was that this was 
the only linen she had found that fitted well with her body. The other one didn’t see any 
difference between functional material and cotton, so she took what she had at home 
with short sleeves. A tank top or sweater in a functional fabric that is long enough to 
tuck in your pants seems to be the best. Everyone agreed that the body armor is way 
too warm, that the fabric does not breath well engough. Especially on a hot summer day 
it is unbearable. Some of them even got heat rash on their skin because the vest is too 
tight and too warm. 

Most of them used a sports bra in a functional material. One of them didn’t want to have 
anything under the functional garment because the vest already gave good support she 
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thought. One other interviewee used a regular bra underneath because she did not like 
that the sports bra pushes together and up the bust so high. 

Another problem many of them talked about was the possibility to take deep breaths. 
The body armor is fitting too tight over the chest on some of them so it becomes difficult 
to take deep breaths. If they would have to run after someone it would be very 
exhausting for them. Because of this, and that it also gets so warm makes many of 
them unbuttoning the vest in the sides to ventilate so they would be able to expand their  
chest. 

No one seems to think that the vest is a problem during pregnancy. If they have been 
pregnant while wearing the body armor, they have “gone in” and work behind desk after 
about three months. After three months their stomach had not grown that much so they 
have not noticed any difference of the body armor while being pregnant. They chose to 
“go in” because of the safety and not because of wearing the vest. 

Someone has used the heavy vest occasionally at a work shift but nothing that they 
remember very well. They have tested it in exercises in the police academy and find it 
heavy and bulky. They also said that it is possible to work with the heavy tactical vest 
for a short time, and that it is necessary because it provides better protection. 

One question from the interview was “If you would estimate from 1-10 how well adjusted 
you consider your vest to be for your body type? Where 10 is the best. What value 
would you pick?” With this question a calculated average value can be put on the old 
body armor. If the same question is asked during the workshop with the new concepts 
they can be compared with each other and see if it is better or worse than the old vest. 

Average value – old body armor 

Interviewee 1 3/10 

Interviewee 2 2,5/10 

Interviewee 3 8/10 

Interviewee 4 5/10 

Interviewee 5 3/10 

Interviewee 6 7/10 

Interviewee 7 4,5/10 

Interviewee 8 6/10 

Interviewee 9 7,5/10 

Interviewee 10 3/10 

Interviewee 11 2,5/10 

Sum: 4,7 points 

Table 3 Average value - old body armor 

4.2 Requirements specification 

Requirements 

 The request from RPS should be met 
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 Shall protect the vital organs 

 Shall be form stable  

 Shall be more flexible in sizes 

 Shall be more flexible around the stomach 

 Shall be adaptable 

 Shall fit both large and small bust 

 The vest shall be slim fit 

 It shall have knife protection KR2 

 Shall accompany two cases 

 The material shall have better breathability 

 Shall not cut into the body 

 The soft protection material shall protect a larger area 

 The vest shall have minimally reduced range of motion 

 Shall have better protection on the sides 

 Shall be in a rigid material at the shoulders 

 The pressure on the shoulders shall be minimized 

 It shall be possible to control the shoulder straps  

 The vest should not have any sharp edges 

 The civil vest shall be easier to take on/off 

Wishes 

 Could be less than 6 steps to take on/off the vest  

 The vest may not be heavier  

 Might be broader on the sides 

 The vest could pull back the shoulders  

 Could be able to float 

 Could make it possible to vary the protection level  

 Might have protection material everywhere on the vest  

 May be extended up to the throat 

 Could have padded shoulder straps 

 May have a pocket for the badge  

 May have space for the speaker-microphone  

 May have pockets on the sides 

 Could be form-fitting based on the body and physics  

 A functional garment could be included 

 The tactical vest may be available in more sizes 
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4.3 Prototype 1 

To make prototypes Åkers Krutbruk Protection AB was visited to get material. At Åkers 
Krutbruk is a company that among other things used to manufacturer body armor. The 
company donated materials like, velcro, elastic straps and envelope fabric for the 
prototypes. 

A pattern was created using tables and instructions from the school 
Tillskärarackademin. The pattern was made in the size 38 which approximately is the 
same as the size Medium. The vest was then made with material from Åkers Krutbruk in 
order to understand the different parts of a vest. 

 

Figure 31 Picture of the pattern design 
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5 Evaluation of concepts 

5.1 Love and hate 

To evaluate the first 14 concepts a rough method was used. The idea was to take a 
rough method like Love and Hate, for the evaluation early in the project before the 
interviews with the users. The evaluation was later used for selection of the quick trigger 
presentations in the interviews. The result was also used when selecting concept for the 
prototyping. The results are available in Appendix 3- Love and hate. A summary of the 
Love and Hate i described below. 

Concept # Love - # Hate Score 

Integrated bra 5 – 2 3 

Intergrated sports bra 4 – 2 2 

Three pieces (Shoulder 
pads) 

3 – 2 1 

Buckles 3 – 2 1 

Integrated function sweater 3 – 2 1 

Two parts 2 – 1 1 

Rib 2 – 1 1 

Accordion 5 – 5 0 

Fish scales 3 – 3 0 

Draw cord 2 – 2 0 

Compression moulding 2 – 2 0 

Zipper 1 – 2 -1 

Cooling circuit 1 – 3 -2 

Pleated 2 – 4 -2 

Table 4 Summary of the evaluation method Love and Hate 

The winner of the first evaluation was ”Integrated bra”. The results can be interpreted 
differently; is the score most important or is the most ”Love” comments more important. 
That is why the final evaluation of the concepts needs to be done with the users and 
their requirement specification. All of the ”Hate” comments are maybe not that bad and 
can be fixed with some adjustments. 
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5.2 Prototypes 

Prototypes were made from the evaluations as a starting point. Five different concepts 
were chosen to be made and shown for the users. 

The first one is prototype, and it is broader around the chest area as well as around the 
back upper area. The sides on the prototype are also made broader in order to create a 
bigger protection area. The front and back sides is shown in Figure 32 and Figure 33. 

 

Figure 32 Front side of Prototype 1 

 

Figure 33 Back side of Prototype 1 

The second prototype, “Two parts”, consist of total four parts, two in the back and two in 
the front. It is designed so that the upper parts and lower parts can be switched out and 
adjusted to the users needs. If the user has a longer upper body the lower part can be 
made longer and vice versa. 
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Figure 34 Front side of Two Parts 

 

Figure 35 Back side of Two Parts 

The next prototype was made with two zippers in the sides and elastic straps with 
Velcro over each zipper. There are also two slots, one on each side to make it more 
comfortable while sitting down and moving. The prototype from each view can be seen 
in Figure 36, Figure 37 and Figure 38. 

 

Figure 36 Front side of Zipper concept 
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Figure 37 Side of Zipper concept 

 

Figure 38 Backside of Zipper concept 

 

In prototype four the main difference from the others is that it has a draw cord for 
adjusting the vest. It is a draw cord in the front side and backside at waist height. 

 

Figure 39 Front side of Drawcord 
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Figure 40 Backside of Drawcord 

The next prototype made is with fish scales in the bust area in order to create a more 
flexible construction that follows the body as it moves, just like a fish. 

 

Figure 41 Backside of Fish Scales concept 

 

Figure 42 Front side of Fish Scales concept 

This prototype, Accordion, was made in parts. The front is made of several parts to 
make the design more flexible and to make the wearer able to breathe while using the 
body armor. The shoulder straps was also made broader in order to get a more 
ergonomic vest by loading the body over a larger area. 
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Figure 43 Back side of the Accordion concept 

5.3 Workshop 

A workshop was made with the previously interviewees since the requirement list is 
build upon their interview answer. All the prototypes were reviewed and the idea behind 
them was presented. Those who were able to try the prototype given the size got to do 
that and see how it fitted the body. The prototypes did not consist the right outer case 
material since it had not yet been selected but they were sewn in a stretchy material. 
The protective material where not inside the prototypes since such material has not 
been available. The interviewees could comment on the design and how well it fitted the 
body. Unfortunately they had to imagine how it would feel with the weight of the 
protective material and tell their general thoughts and ideas on the basis of the 
prototypes. 

Prototype 1 

+ They thought that the first prototype looks more slender than the original and that it is 
good to have wide Velcro straps on the sides. 

- What they did not like was the thin shoulder straps and that it should be even wider 
over the bust area. They also discussed if more overlap in the sides would make the 
vest too thick and too warm. However it is better with a thicker vest than with a gap in 
the protection. 

Two parts 

+ The first comment about the Two parts concept was that it is good to be able to vary 
the length of the body armor. Some people just have a longer upper body. It was also a 
good idea to have the lower and the upper part in different sizes. “It is like when you buy 
a bikini, you can get them in different sizes” one of the interviewee said.  

- They were a little worried and pointed out that it cannot be a gap in protection where 
the two parts divides. Another thing was the edges on the shoulder straps. They thought 
it was too sharp edges which need to be smoother. The seam in the waist that divides 
the two parts cannot be that thick that it was on the prototype, especially when they 
sometimes needs to be more invisible and work as a civilian police officer. 
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Zipper 

+ Those how could try the Zipper concept thought that it fitted the body and that they 
would have protection everywhere. They liked the idea to have the shoulder straps 
backwards so it is not in the way or accidently get loose. They liked the slot in the sides 
which will make it easier to sit down. Nice with broad shoulder straps and that the user 
can open the zipper in the sides to get in some air without have to take it off. They also 
liked the idea with protection material inside the elastic straps which goes over the 
zipper. With that they can loosen the straps and still have full protection on the sides. 

- One negative thing with the zipper and the elastic strap on top is if it gets crumpled 
when tightening the elastic straps. They also discussed if there is any other locking 
mechanism instead of zippers. Maybe it could be something like the hooks on bras.  

Draw cord 

+ The draw cord makes a good support under the bust like a bra. That can also relieve 
the shoulders from some of the weight.  

- The draw cord needs to be on the inside of the protective material because the 
material cannot be tightened or loosened around the waist. It is a hard material and it is 
impossible to “wrinkle” when pulling the draw cord. Some of the interviewee said that 
they what to have the vest loose under the bust so air can get in and circulate. 

Accordion 

+ Broad shoulder straps are good and the attachment for the radio is good to have. It is 
nice to have a flexible vest that makes it easier to breathe when chasing a criminal. 

- It gets heavier and thicker when the protective material is more. This prototype makes 
it harder to work as an civilian police officer. They like the idea if it could be thinner. 

Fish scales 

+ It fits the bust, both small and large bust. It will also adjust to where the bust is, if it is 
higher up or lower down. The vest can also adjust over the stomach depending on the 
body type. 

- This prototype is even bigger and bulkier than the Accordion prototype. If it can be 
manufactured in a way that makes it thinner it is a very good idea. It can still be hard 
pressure over the bust if the protective material overlaps in that way. They also 
discussed if it would be enough to have fish scales over the bust area or if it would go 
all the way down.  

General thoughts and ideas 

The hard extra plate would still need to be more shaped than it is today. It is that one 
that is the most uncomfortable thing with the body armor the interviewees said. Tailored 
body armors would absolutely be the best option but if that is impossible in the current 
situation the interviewees had three favorite concepts. These concepts are Two parts, 
Zipper and Accordion. 

Some general thoughts and ideas they had were that it was important that the shoulder 
straps was broad. It would be more comfortable if the shoulder straps would be 
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attached backwards, but if not they could be attached on the inside of the vest so it 
would not be in the way or be visible. 

If the protective vest would have pockets on the front side for equipment, like a few of 
them previously wanted it would instead be more visible and feel bulkier. 

They liked the idea of having protection material inside the elastic straps on the sides 
which makes it impossible to get any gap in the protection like it is when the protection 
material just overlaps and the wearer want to loosen the straps. 

Velcro straps are hard to work with since it is loosening its stick after a while. Another 
solution would be to check other possibilities like hooks for bras for instance. That can 
also be a variant instead of the zipper. 

Another good idea that came from the workshop was that the body armor could have 
belonging fans that was detachable. On a warm summer day they could put them on for 
a while and get the air to circulate underneath the vest to cool down. Afterwards they 
could remove them and keep working as normal and avoid having a heatstroke. 

5.4 Pugh’s matrix 

The combination concepts that was made from the three favorite prototypes in the 
workshop was evaluated with the method Pugh’s matrix. The requirements collected 
from the interviews are listed, and points from 1-5 are distibuted for how good each 
concept matches the individual requirement. The winner from the Pugh’s matrix was 
Accordion + Zipper. 

 

Table 5 Pugh’s matrix for the combination concepts 

5.5 QFD 

From the QFD made with the demanded qualities from the RPS request specification. A 
picture of the House of Quality is seen below. 
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Figure 44 Picture of the House of Quality 

The following are the demanded qualities: 

Flexible safetydegree 

Protect vital organs 

Form stability 

Adapted to the uniform 

Range  of sizes 

Range of cupsizes 

Customized 

Washable in 60 degrees 

Variable outer case 

Not seen under shirt or thin jumper 

Color variety 
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Waterproof 

Resistant outer shell of the panels 

The panels shell not cut into the fabric 

No gap in the protection 

The panels shall be placed safely 

Supplementary protectionpanel 

Supplementary protectionpanels weigth 

Body armours basic execution weigth 

Total protection panel weigth 

Proportional protection area to man C50 size 

Not sensitizing 

BFS for RPS 1-3 

BFS for RPS 4-5 

 

The following quality characteristics were found to be the most important when 
weighting the characteristics and finding out what “what” vs “how” is connected and at 
what importance: 

1. Protect heart, lung, liver, spleen, kidney and spine 
2. Separate ballistic and knife/spike panels 
3. Possible to get tailored 
4. At least 2 cm overlap 
5. Available in size XS-XXL 

For instance the protection of heart, lung, liver, spleen, kidney and spine has a negative 
correlation to visibility, which means that when designing a body armor that is protecting 
the organs the visibility might get affected. Several correlations, both positive and 
negative have been taken into consideration when designing the body armor. 

Three different concepts, Zipper, Two Part and Accordion were also compared in the 
QFD. The Accordion concept had the highest score. 
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5.6 SWOT analysis 

 

Table 6 SWOT analysis of the winning concept 
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6 The final concept 

The concept that was most liked by the users and also got best rating in the evaluations 
was the one that is the most flexible. It is the concept that allows the users to take deep 
breaths when exercising physical activity. It is the vest where the users do not have to 
unbutton in the side to let the chest expand. The vest also has better protection in side 
so even if the armor would be unbuttoned, it will still protect the police against 
projectiles. 

6.1 Material 

The selected material is Merino wool. It has good characteristics for this use. The 
structure of the fabric is creating air space between the fabric and the skin 
(Merinoexperten.se). This provides the opportunity for air to circulate, which gives the 
material a good breathability. Merino wool clothing is a good material both in summer 
and in winter. In the winder when it is cold it keeps the user warm and when it is warm it 
breaths. The wool can also keep the skin dry when it can absorb moisture up to 30% of 
its own weight without losing its insulating capability (Merinoexperten.se). If it is warm, 
and the user begins to sweat the material will therefore absorb the moisture instead of 
that the sweat later becoming cold outside and cools the body down.  

Wool is a sustainable material that lasts a long time without losing shape. The material 
is very durable despite the fact that the wool is so fine and thin, which also makes it 
comfortable against the body and does not itch (Merinoexperten.se). 

Merino wool is such a good natural material that is self-cleaning. There is less need to 
wash the material. The creatine in the wool breaks down malodorous bacteria from the 
skin. The wool is also water resistant due to the fiber surface which prevents bacterial 
growth. The material gets cleaned and ventilate by hanging out in the fresh air. The 
material is also eco-friendly as it only consists of a natural product of a raw material that 
always grows up after each trimming of the sheep (Merinoexperten.se). 

6.2 Ergonomics 

Wider shoulder straps provide more relief for the shoulders. ”Wide straps distribute the 
load over more area of the shoulder” (Adams). This allows carrying a higher weight 
without having pain in the shoulders. Would the shoulder straps also be padded it would 
provide less pressure points. "Padding spreads the load as well as alleviates any 
pressure points" (Adams). 

Wider Velcro on the side helps to keep the spine stable. With a shorter velcro it gives a 
bigger point load and is pressing on a smaller area. It is the same as for the shoulder 
straps; larger contact area provides more relief for the back. 

Another ergonomic advantage of the new body armor is that it allows the chest to 
expand. When the police officer has to run and do physical work the chest expands and 
the breathing can increase to over 100 liters air per minute, unlike to rest when about 
half a liter of air flowing into the lungs. If making physical effort people often starts to 
breathe through the mouth. More muscles is then connected so that the thoracic volume 
increases even more when inhalation. (Lindström, 2005). 
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According to the Swedish healthcare guide oxygen is necessary for the cells to function 
normally. It is required in particular for metabolism and energy production in the body. 
The brain can only be without oxygen for a minute before it is damaged (Lindström, 
2005). 

The difference between the values at maximum inhalation and maximum exhalation 
constitutes thoracic expansion. At least 4 cm expansion of the chest is considered 
normal (Lindqvist, 2013). If the design of the body armor does not allow the chest to 
expand at least 4 cm it is going to be hard for the police officers to take deep breaths. A 
flexible design of the armor is essential to get the oxygen the body needs and not be 
exhausted too early. 

6.3 Pattern construction 

To make the final prototype of the body armor pattern construction was made to make a 
pattern from the first prototype by adding some changes. The pattern construction was 
made in the program InDesign where polylines were drawn to make the pattern. Various 
lines were also drawn on the pattern to explain how the making should be done. The 
different parts were numbered and an explanation to how the vest should be made was 
done.  
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7 Secondary issue discussion 

 “There is a very limited number of existing cadaver experiments for hard body armor 
with ballistic impact” (Bass, Salzar, & Lucas, 2006). This means that there might not be 
enough research done in order to decide if the body weight of the carrier affects the 
BABT and in what direction the effect occurs. 

The following is a discussion from a seminar in BABT 25/4 at Karolinska Institutet in 
Stockholm. 

In research made by Ulf P. Arborelius and David Rocksén et.al. they have analyzed 
what happens with heart and lung after non-penetrating shot while wearing body armor. 
They have made tests on pigs where the pigs got anaesthetized wearing body armor. 
The pigs then got shot at and their injuries were analyzed both internally and externally. 

It is hard to know how the human body and the organs react after a shot, since many 
injuries are secret stamped around the world. In Sweden no death has occurred due to 
BABT. Does this mean that the body armor used today is protective enough? 

An injury maybe does not look as bad from the outside, but if you look inside the body 
there is a larger injury.  

TAB (Trauma Attenuating Backings) is a material which is placed behind the body 
armor to reduce BABT. They have tried this out and discussed wheatear it is material or 
just the distance that is the reason for reduced BABT. Maybe a distance between the 
body and the body armor can give more protection. Today there is more light weighted 
body armors that is very thin. This might be a step in the wrong direction due to BABT. 
Maybe the producers of body armor should make it thicker but still lightweight? 

They have tried to put a sleeping pad between the body and the body armor to measure 
the Backface Signature (BFS) result. With a 12 mm pad the BFS decreased from 28 
mm to 19 mm. 

David Rocksén believes that the 44 mm criterion of BABT is insufficient. The 44 mm 
criterion was made with pistol ammunition and now they use high speed weapons. In 
Rocksén and Arborelius research it has been shown that some pigs have died from 28 
mm BFS. That shows that the criterion is to low but what happens if the wearers’ weight 
would reduce? 

There is previous research made when they used pigs that weight 25 kg. They died 
directly after they were hit. This means that it is possible that if the wearers’ weight is 
decreased the BABT is more severe. The 60 kg pigs did not die but the smaller ones 
did. 

The more BFS the longer pauses in breathing occurs, apnea. Is there a correlation 
between longer breathing pauses and lower body weight? Ulf P. Arborelius says that it 
might be possible since a blast wave occurs. 

Generally women have more subcutaneous fat and weighs less than men. What does 
this fact mean for the BFS? The pigs have more subcutaneous fat than humans. Does 
the pig get less BFS due to the fact that the fat works as a TAB material? If this is true 
then maybe the subcutaneous fat can compensating for the wearers lower weight and 
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the injury is not larger on the smaller body. But on the other hand if a small man wears 
the west and does not have a lower weight then the injury might get more severe. 
Depending on what gender the wearer has the BFS and the injury might be affected in a 
positive or negative way. 

According to another research “Behind Armour Blunt Trauma - an emerging problem” 
the 44 mm criterion is a criterion for weapons with low energy-transfer capability. It does 
not take into account the key factor for BABT "that the impact is a dynamic event and 
the motion of the body wall is the prime factor coupling energy into the body. Plainly, 
measurement of a static indentation in a medium such as clay cannot represent this 
event." (Cannon, 2001). 

There is two researches where the body weight is mentioned in two equations. One of 
the equations has the form: 

 ( )   (
   

  
) 

Where  P(r) = probability of response (death, serious injury etc.) 

M = mass of projectile (grams) 

V = impact velocity of the projectile (m/s) 

W = body mass of the animal (kilograms) 

D = diameter of the projectile (centimeters) (Victor R. Clare, 1975) 

The other equation “can be solved for the minimum Backface signature diameter for the 
low-lethality zone” (Pratherg, Swann, & Hawkins, 1977): 

  
   

 
 
 ⁄   

     

Where  M = projectile mass (grams) 

V = projectile velocity (meters per second) 

W = body weight (kilograms) 

D = tissue thickness (centimeters) 

T = projectile diameter(centimeters) 

Both equations say that if the body weight decreases the probability of serious injury 
increases. Therefore it is a very good reason to question today’s standardized injury 
criteria if the users’ body weight is significantly reduced. 
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8 Discussion and conclusions 

Some advice for the Swedish police force as a result from this project is to bring body 
armor for higher threat levels in the right size while packing the car in the beginning of 
the workday. A functional t-shirt should be used underneath the concealed body armor, 
maybe in silk material to keep the body dry. The t-shirt could be a bit longer in order to 
make less chafe from the vest. The car seats could also be a bit straighter in the back 
so the ones in the car don’t have to lean forward when driving. 

The more materials is found on the market the more possibilities there are with a better 
safety vest. If a material was found that is breathing and still is protecting against bullets 
and knife/spikes it would be great for the future development of the safety vests. 

If it was economically possible it would be the best way to tailor the entire safety vest. 
The needs from the users are very varying so in order to meet those needs different 
kind of body armor needs to be made. 

For further work the final prototype needs to be made in the right material and also 
tested in order to give a correct answer to whether or not the prototype can protect 
against specified threat levels. When the prototype is made in the right material it can 
also be tested on the user to evaluate and maybe make some changes to the concept 
in order to make it more comfortable. 

Something that is of importance is that at the workshop, the right materials were not 
used in the prototypes. This means that it might be a bit misleading. If the project was to 
be remade the right materials could be used for the workshop. 

The SWOT analysis was made and the strength that we can see with the new product is 
that it is flexible and breathable which are two aspects that fulfil the users’ needs. So the 
outcome of the project is successful. 

This study was only made on women. Maybe it would be good to get a second opinion 
from the men. The project was also limited to female police officers in Stockholm. 
Officers from other districts could have been used as well. But then on the other hand 
the question asked in the beginning would have been different. 

One overall conclusion that can be drawn from this project is that there is a need for 
change in the industry of body armor. It needs be more user oriented development 
where the user is involved close to the manufacturer. 
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9 Future work 

The next step is to manufacture the vest. Find a factory that can manufacture the body 
armor in several sizes and in order to test it under the RPS standard requirements with 
high speed guns and backing material. Measuring the backface signature and ensure 
that the projectile does not penetrate too deeply. 

After this, the police officers can try the new protective vest and feel the weight, 
movement, and how the fabric of the outer case feels. Make any changes and then let 
the police use the body armor at work, hopefully for several days so they can compare 
the old and new vest and feel whether it is better from an ergonomic standpoint. 

Based on the policemen's opinion, the development and improvement will either 
continue or there will be a cost analysis to explore the possibilities of bringing the costs 
down. This will be done in order to respond to the RPS request and have a chance 
against competitors who worked with manufacturing body armor for many years. 
Hopefully, this new armor then could be produced to a greater extent and that the police 
will use these every day as part of their uniform. The body armor will also be 
manufactured in men’s sizes. 

Further work after this can be to explore the possibility to have small fans attached to 
the vest. They should be easily mounted to quickly get air inside the vest and ventilate. 

The new body armor will also be developed to fit for military work and their higher 
threats. 

  



54 
 

 

  



55 
 

10 References 

(u.d.). Hämtat från idefixteko.se: 
http://www.idefixteko.se/open_produkter/produktinfo_body.asp?prodid=16410&pl
ats_id=0 

(u.d.). Hämtat från sidenselma.se: 
http://www.sidenselma.se/underwear/sidenl%C3%A5ngkalsong-dam 

(u.d.). Hämtat från schoeller-wool.com: http://www.schoeller-
wool.com/34742/Products/Functional-yarns/Products/index_group.aspx 

(u.d.). Hämtat från dyneema.com: http://www.dyneema.com/emea/about-dyneema.aspx 

(u.d.). Hämtat från dupont.com: http://www.dupont.com/products-and-services/fabrics-
fibers-nonwovens/fibers/brands/kevlar.html 

(u.d.). Hämtat från woolpower.se: http://www.woolpower.se/en/material/merino-wool/ 

Adams, C. (n.d.). About.Com Ergonomics. Retrieved 06 03, 2014, from 
http://ergonomics.about.com/od/buyingguide/bb/bbbookbags.htm 

Arbetsmiljöverket, S. (2014). Arbetssjukdomar.  

Arbetsmiljöverket, S. (2014). Arbetsskador.  

Bass, C., Salzar, R., & Lucas, S. (2006). Injury Risk in Behind Armor Blunt Thoracic 
Trauma. International Journal of Occupational Safety and Ergonomics, 430. 

bussinessdictionary.com. (n.d.). Retrieved March 11, 2014, from Bussiness Dictionary: 
http://www.businessdictionary.com/definition/structured-interview.html 

bussinessdictionary.com. (n.d.). Retrieved March 11, 2014, from Bussiness Dictionary: 
http://www.businessdictionary.com/definition/semi-structured-interview.html 

canarmor. (u.d.). Hämtat från http://www.canarmor.ca/products.php?product=VIP-style-
concealable-stab-and-bulletproof-FEMALE-body-armor-(NIJ-III%252dA-0101.04) 
den 24 02 2014 

Cannon, L. (2001). Behind Armour Blunt Trauma - an emerging problem. 
group.bmj.com . 

Coolingvest, T. S. (Director). (2011). TST Coolingv En hi 110915.mpg [Motion Picture]. 

Croft, J., & Longhurst, D. (2007). HOSDB Body Armour Standards for UK Police (2007) 
Part 2: Ballistic Resistance. Sandridge: HOSDB. 

Croft, J., & Longhurst, D. (2007). HOSDB Body Armour Standards for UK Police (2007) 
Part 3: Knife and Spike Resistance. Sandridge. 

Denvell, D. (2014, 02 06). The manufacturer of the police´s body armor. (V. Ekdahl, & J. 
Raza, Interviewers) 



56 
 

Elgmark Andersson, E., Bæk Larsen, L., Tranberg, R., & Ramstrand, N. (2013). 
Polisens Arbetsmiljö 2013, Delrapport 1 (3), Fysiska aspekter. Jönköping: 
Hälsohögskolan, Högskolan i Jönköping. 

FamiljeLiv.se. (n.d.). familjeliv.se. Retrieved 02 25, 2014, from 
http://www.familjeliv.se/Forum-4-252/m53953365-1.html 

FOI. (n.d.). Retrieved 03 24, 2014, from http://foi.se/en/foi/About-FOI/ 

Hedenstierna, S. (2011, 04 21). BABT 44 mm kriteriet. FOI. 

invista. (u.d.). invista.com. Hämtat från http://www.invista.com/en/brands/coolmax.html 
den 11 04 2014 

invista. (u.d.). invista.com. Hämtat från http://www.invista.com/en/activewear/index.html 
den 11 04 2014 

Kotler, P., & Keller, K. (2012). A Framework for Marketing Management. Harlow: 
Pearson Education Limited. 

Lindqvist, D. U. (2013, 10 20). internetmedicin.se. Retrieved 06 03, 2014, from 
http://www.internetmedicin.se/page.aspx?id=1360 

Lindström, G. B. (2005, 11 02). 1177 Vårdguiden. Retrieved 06 03, 2014, from 
http://www.1177.se/Stockholm/Tema/Kroppen/Cirkulation-och-andning/Luftvagar-
och-lungor/ 

Maylor, H. (2010). Project Management. Harlow: Pearson Education Limited. 

Merinoexperten.se. (n.d.). Retrieved 06 04, 2014, from 
http://www.merinoexperten.se/content/6-merinoull 

mindtools.com. (n.d.). Retrieved 03 17, 2014, from Mind tools: 
http://www.mindtools.com/pages/article/PlanningAWorkshop.htm 

Nationalencyklopedin. (u.d.). ne.se. Hämtat från http://www.ne.se/lang/skyddsväst den 
08 04 2014 

ne.se. (u.d.). Hämtat från Nationalencyclopedin: http://www.ne.se/lang/risk den 11 03 
2014 

Nordlander, C. (2009). Gravida och ammande arbetstagare. Rikspolisstyrelsen. 

Nordström, C. (2013). Tunga polisbälten utreds vidare. Finnveden nu, 2. 

Office of Law Enforcement Standards, N. I. (2008). Ballistic Resistance of Body Armor 
NIJ Standard-0101.06. Washington: National Institute of Justice. 

Orre, J. (den 28 04 2011). svenskpolis.se. Hämtat från 
http:\\www.svenskpolis.se/Artikelarkiv/Artiklar-2011/April-2011/Polisens-
ergonomiska-problem-kartlagda/ den 04 03 2014 

polisen.se. (u.d.). Hämtat från http://polisen.se/en/Languages/The-Swedish-
Police/Direction-/National-Police-Board/ den 24 03 2014 



57 
 

Pratherg, R., Swann, C., & Hawkins, C. (1977). Backface Signature of soft body armors 
and the associated trauma effects. Maryland: Director, Chemical Systems 
Laboratory. 

Prevent. (2008). Arbete och teknik på människans villkor. Solna: Prevent. 

safeguardclothing.se. (u.d.). Hämtat från http://www.safeguardclothing.se/124-kvinna-
cordura-ii-skott-huggsaker-och-punkteringsfria-vastmed-dragkedja.html. den 25 
02 2014 

safeguardclothing.se. (u.d.). Hämtat från http://www.safeguardclothing.se/125-kvinna-
cordura-ii-skott-och-huggsaker-vast-med-dragkedja.html den 25 02 2014 

safeguardclothing.se. (u.d.). Hämtat från http://www.safeguardclothing.se/123-kvinna-
coolmax-ii-skott-och-huggsaker-vast.html den 25 02 2014 

Stickdorn, M., & Schneider, J. (2011). This is service design thinking. Hoboken: John 
Wiley & Sons. 

Stickdorn, M., & Schneider, J. (2011). This is service design thinking. Hoboken: John 
Wiley & Sons. 

TST Sweden AB. (u.d.). tst-sweden.com. Hämtat från 
http://viewer.zmags.com/publication/14366066#/14366066/4 den 10 04 2014 

Ullman, D. G. (2010). The Mechanical Design Process. New York: McGraw Hill. 

Ullman, D. G. (2010). The Mechanical Design Process. New York: The McGraw-Hill 
Companies. 

Wadsten, M. (den 26 03 2007). Blåljus. Hämtat från 
http://www.blaljus.nu/sites/default/files/filarkiv/pdf/2012_arkiv/phs_policy_for_gra
vida_2.pdf den 25 02 2014 

Victor R. Clare, e. a. (1975). Blunt Trauma Data Correlation. National Technical 
Information Service. 

Willners, M. (den 16 09 2013). sportfack.se. Hämtat från 
http://www.sportfack.se/artiklar/artiklar/20130916/sa-funkar-membran den 08 04 
2014 

Wilson, T. V. (n.d.). Howstuffworks.com. Retrieved 04 10, 2014, from 
http://science.howstuffworks.com/liquid-body-armor2.htm 

 

 



58 
 

  



59 
 

11 Appendix 

Appendix 1 – The methods used in the project 

Iterative process  

The overall method that is used in the project is the iterative four steps process 
(Stickdorn & Schneider, 2011, p. 124). The method is applied on service design but is 
used as a starting point for this project. Stage one of the process is the exploration step. 
The goal with this step is “Gaining a clear understanding of the situation from the 
perspective current and potential customers of a certain service…” (Stickdorn & 
Schneider, 2011, p. 128). In this case the customers are the users of the body armor 
and the service is the vest as a product. The next stage is the creation step, where 
ideas are generated and concepts are created. In stage three, reflection takes place, 
prototypes can be made and ideas from the previous stage are tested. The fourth step 
is called implementation and is the stage where the services are implemented. The 
fourth step in the frame of this project is to test the final product and to get a final 
approval from the client (Stickdorn & Schneider, 2011, pp. 130-135). 

Risk analysis 

“An evaluation of risk is important as it shows at early stage whether or not a project is 
worth pursuing” (Maylor, 2010, p. 218). A risk is in general sense the probability of 
something undesirable to occur (ne.se). An analysis of the risks is made throughout this 
project. A risk analysis is developed in terms of identifying potential risks and 
establishing an action plan for each risk. 

Stakeholder map 

Stakeholder map is a representation of “…the various groups involved with a particular 
service.” (Stickdorn & Schneider, 2011, p. 150). All the stakeholders involved shall be 
placed on a list and then explored how “…they interact with each other.” (Stickdorn & 
Schneider, 2011, p. 150). 

Service Safari  

Service Safari is a method used in service design where anyone can “… go out ‘into the 
wild’ and explore examples of what they think are good and bad service experiences.” 
(Stickdorn & Schneider, 2011, p. 154). A safari is a way to understand how the 
customer experiences the service and make designers walk in the customer’s shoes. In 
this project the method is used for trying out the body armor. To understand how it feels 
to wear it a whole day. When the body armor is most noticed during the day and what is 
good and bad with it. 

Mind mapping 

 When generating ideas, mind mapping as well as brainstorming can be used (Stickdorn 
& Schneider, 2011, p. 180). For this project mind mapping will be made. The word body 
armor is the starting point and then other associated words are written around it in order 
to map important facts about the product. When the mapping is done brainstorming will 
take place. 

Brainstorming 
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Brainstorming is generally a group oriented method where “each member of the group 
contributes ideas from his or her own viewpoint.” (Ullman, 2010, p. 190). The group 
shall produce as many ideas as possible and afterwards explain them with words to the 
other group members. “Ignore any evaluation, judgment, or other comments on the 
value of an idea and chastise the source.” (Ullman, 2010, p. 190). A brainstorming 
section often generates more ideas and that one member’s idea might trigger more 
ideas from the other members. The brainstorming section will be conducted iterative in 
the project to get more ideas and get inspired. In the brainstorming the thoughts can be 
free and wild. No idea is a bad idea. 

Contextual interviews 

Contextual interviews are implemented in the environment or context where the service 
occurs. The interviewer can both observe and see the behavior the interviewee has. A 
contextual interview entails a “…combination of questions and observations in order to 
generate the desired insights.” (Stickdorn & Schneider, 2011, p. 162). When the 
interview is made in a familiar environment it helps the interviewee feel more 
comfortable sharing insights and helps them remember specific details that are made 
on routine. In the project the method will be conducted at a place where the police 
female officers feel comfortable and where some exercises can be made. During the 
small exercises the interviewees will have the body armor vest on and explain how it 
feels. Some interview questions will be asked at the same time and everything will be 
documented by audio recordings.  

Semi structured interview 

The semi structured interview is a method that allows the interview to take a “...flexible 
approach and permits questions to arise in response to the dialog.” 
(bussinessdictionary.com). When using a semi structured interview in the project the 
interview gets a friendlier approach to the interviewee and it becomes more an open 
dialog where the interviewee can influence what he or she want to tell. 

Love and hate 

Love and hate is a open method used for evaluating concepts. What is loved and hated 
with a concept is determined and the concepts are compared to eachother. 

Pugh’s matrix 

Pugh’s matrix is a simple method that has been proven effective when comparing 
different concepts. The method “…provides a means of scoring each alternative 
concept relative to the others in its ability to meet the criteria.” (Ullman, 2010, p. 222). 
This method will be used iterative throughout the project to compare and choose which 
concept that meets the listed criteria the best. 

QFD 

QFD, House of Quality or Quality Function Deployment is a method used to ”...generate 
the information needed in the engineering Product Definition Phase of the design 
process” (Ullman, 2010, p. 147). In the definition phase”… the goal is to understand the 
problem and lay the foundation for the remainder of the design project” (Ullman, 2010, 
p. 86). The QFD method starts by identifying Who the costumers are followed by What 
they want the product to do. Then a Who vs. What is generated to learn to whom the 
what is important. Then it is determined what solves the problem Now and Now vs. 
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What to see where there are opportunities for an improved product. Then How the 
costumers requirements will be met is determined. Further, What vs. How is generated 
followed by How Much target information is developed. Finally a How vs. How is 
determined (Ullman, 2010, pp. 147-148). 

Prototypes 

Prototypes are physical models of products. It is important when planning for a 
prototype to decide the purpose of the prototype. The purposes can be one of the four: 
Proof-of-concept, proof-of product, proof-of-process or proof-of production (Ullman, 
2010, p. 118). In this project several prototypes will be made. For example Proof-of- 
product is to show how the prototype works. In the end of this project a proof-of-product 
prototype is developed to show the final geometry and design. 

Workshop 

“Workshops are great for brainstorming, interactive learning, building relationships, and 
problem solving” (mindtools.com). According to mindtools.com there are five steps to 
plan a workshop that is a valuable experience for the participants.  

1. “Define the goals” and the importance to have clear goals to focus on in the 
discussion. The goal of the discussion is also important while  

2. “Decide who will attend”. If the goal for example is to develop a solution to a 
problem the attendants should be around 10 or less.  

3. Step 3 is “Choose the right location”  
4. Step 4 is “Create an agenda” where a list of main points to discuss can be 

created to help keeping the schedule and the goals of the workshop.  
5. The final step is “Develop a follow-up plan”. This step Is about staying in touch 

with the participants and makes them feel that their time and effort was worth and 
that their work will lead to something. “People need to know that their hard work 
actually resulted in a decision or action, so keep them informed about what's 
happening after the workshop has ended.” (mindtools.com). 

A workshop shall be executed in an early stage of the iterative user study. This is to get 
the user of the body armors opinion early and have time to make prototypes repeatedly. 

SWOT analysis 

A SWOT analysis is in marketing a “…overall evaluation of a company´s strengths, 
weaknesses, opportunities, and threats…” (Kotler & Keller, 2012, p. 51). You evaluate 
the internal and external environment (Kotler & Keller, 2012, p. 51). In the master thesis 
a SWOT analysis is conducted to see what strengths, weaknesses, opportunities, and 
threats the concept has and a comparison can be made between the concepts. 
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Appendix 2 – Interview questions 

Ställer frågor för förstå hur det känns att använda en skyddsväst 

Om det är en fråga du inte vill svara på, är det bara att säga det 

Är det okej att vi spelar in? För att lättare komma ihåg och kunna gå tillbaka och lyssna 
igen. 

Känns det okej att vi skriver ditt namn i rapporten vi skriver eller vill du vara anonym? 

Namn:  

1. Under hur många år har du burit en skyddsväst? 

2. Har du erfarenhet av både dold och taktisk väst? 

 När har du använt de olika? 

3. Inom vilka enheter i polisen har du arbetat? 

 Vad innebär de olika enheterna? 

 Vilka typer av skydd har du då använt? 

 Vilket skyddsväst upplever du är bekvämast? 

 Varför? 

4. Använder du din skyddsväst dagligen? 

 Väljer du någon gång att inte ta på dig västen? 

 Varför? 

5. Har du någon gång varit gravid i samband med användning av skyddsväst? 

 Hur upplevde du västen? 

 Några likheter, skillnader? 

 Hur långt in på graviditeten använde du skyddsvästen? 

 Varför blev du omplacerad? 

5. Vad brukar du ha under din väst? 

6. Förutom skyddet, vad är viktigast för dig med skyddsvästen? 

 Varför? 

7. Hur ser en vanlig dag på jobbet ut för dig? 

8. När under en vanlig arbetsdag märker du av din skyddsväst? 

9. Hur länge använder du västen i sträck? 
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Sitter, procent? 

10. 1-10 hur anpassad anser du din väst vara efter din kroppstyp? 

 Varför? 

11. Vilka fördelar ser du med den taktiska respektive dolda västen? 

12. Har du någon gång upplevt att västen har begränsat ditt polisarbete, i så fall när och 
hur? 

13. Om du fick välja hur västen skulle se ut, hur skulle den se ut då? 

Skulle vi kunna se hur du tar på och av skyddsvästen? 
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Appendix 3- Love and hate 

1. Accordion 

Love Hate 

Att den ökar variationen av storlekar. 
Många moment för att sy upp 
konceptet. 

Den är flexibel. 
Dyrare konstruktion. 

Känns feminin. 
Olika skydd för olika storlekar. 

Färre storlekar behövs. 
Kritiska punkter eftersom materialet är 
tredelat. 

Färre moment att ta på/av sig västen. 
Mer material omlott för den som har 
minsta storleken. 

 
2. Rib 

Love Hate 

Ökar variationen av storlekar 
Mer omlott om användaren är liten för 
storleken 

Ett mindre moment att ta på av/av 
västen 

 

 
3. Buckles 

Love Hate 

Ökad storleksvariation och komfort 
Spänningskonstruktion kan ge en 
kritisk punkt beroende på vilket 
material den görs i 

Justerbarheten 
Mer produktframtagning och krav på 
tillverkaren 

Nytänkande 
 

 
4. Draw cord 

Love Hate 

Reglerbarheten 
Reglaget som kan minska komforten 

Flexibel och storleksanpassningsbar 
Kritiskt med hållbarheten hos 
reglaget 

 
5. Zipper 

Love Hate 

Enkelt att ta på och av sig västen 
Går inte att variera lika mycket 

 
Ytterligare moment att ta på och av 
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sig västen 

 
6. Two parts 

Love Hate 

Ökar storleksmöjligheter vid olika stor 
överdel/nederdel 

Omlott under bysten, och risk för att 
skära in 

Inte lika stort behov av reglage 
 

 
7. Compression molding protection material 

Love Hate 

Ökad komfort för användare med 
behov av kupat bröstparti 

Blir tyngre konstruktion med slitsen 

Slits vid sidan för att inte skära in i 
magen vid sittande 

Risk för att skyddet inte blir lika bra 
vid formpressning 

 
8. Fish scales 

Love Hate 

Anpassar sig efter kroppens form 
Många kritiska punkter 

Följsammare vid rörelse 
Mer arbete för tillverkning 

Bekväm 
Mycket omlott 

 
9. Integrated bra 

Love Hate 

Ökad variation för byststorlek 
Blir varmare med bh istället för 
sportbh 

Räcker att anpassa axelbanden 1 
gång 

Kritiskt vid användaning av bygel BH 

Behöver inga extra kläder på sig 
under västen 

 

Kan tvätta endast BH:n om man vill 
 

Kan anpassas efter flera BH:ar 
 

 
10. Three pieces (Shoulder rib) 

Love Hate 

Skönt för axlarna med kuddar 
Risk att resåren spänner åt och drar 
uppåt → Skyddet minskar 

Bättre passform 
Inte samma skydd för alla pga. 
Skyddsplattan finns i en storlek 
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Flexibel i storlekar 
 

 
11. Pleated 

Love Hate 

Bättre komfort 
Tyngre 

Mer följsam 
Eventuellt varmare 

 
Mer arbete att sy västen 

 
Kritiska punkter vid omlott 

 
12. Cooling circuit 

Love Hate 

Komfort för användaren 
Dyrare material 

 
Svårt att hitta ett material som inte ger 
eventuella skador vid en träff av kula 

 
Komplexare tillverkning 

 
13. Integrated funcion sweater 

Love Hate 

Smidig att ta på och av 
Svår att tvätta 

Inga luftfickor → svalare 
Inte så flexibel 

Bekväm 
 

 
14. Integrated sports bra 

Love Hate 

Enkel att ta på och av 
Flexibel endast i byststorleken 

Endast ett plagg 
Svårare att tvätta 

Stöd under bysten 
 

Bättre passform 
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Appendix 4 – Summary of the interviews 

Interviewee 1: Score 3/10 

Can consider a heavier vest if it would fit better instead. 

Wants -  The fit is most important  

More overlapping on the sides  

Place their supplies on the sides  

Maybe have protection in the shoulder straps, or at least padded so it will 
feel softer  

She wants protection where she has the vest  

Broader shoulder straps as long as the movability is not reduced 

Broader shoulder straps can unload the shoulders  

The softer protection material can maybe be longer but not the extra plate 

What is bad- The vest is cutting into the stomach 

The vest does not protect the entire bust on the sides 

Experiencing much weight over the shoulders and forward 

The extra plate makes the vest heavier in the front 

Have back problems 

Pushes on the stomach between the pants  

It is very warm 

Hard to stand still a long time  

Hard to sit with for a long time  

Gets tired in the shoulders  

Gets tired in the upper thoracic spine 

Interviewee 2: Score 2,5/10 

Working civilian and is wearing an special civilian vest that is more concealable. Thinks 
it is hard to have all the equipment from the uniform with nowhere to put them.  

Wants -  The vest should fit large bust  

She wants it to go further up the neckline but not any strangle feeling  

Long functional linen under the vest  

The vests fabric must be breathable 

The vest should be a tight fit and slim so it is not visible  

Comfortable and should not cut into the body 

A pocket on the vest for the badge or the speaker-microphone  

Pockets on the sides under the arms 

The civilian vest must be easier to put on and off 

What is bad-  Pain in the back from the former vest 

The extra plate leans forward and makes the vest gaping in the cleavage 
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A sports bra compresses the bust and pushes them upwards 

It cuts into the stomach 

The extra plate is a little loose and is moving around in the case 

Interviewee 3: Score 8/10 

Uses the old blue body armor. 

Wants -  A place to attach the speaker mike in  

More places to put equipment from the belt  

Rigid material at the shoulders 

What is bad-  Unbuttons the vest so it does not press on the stomach  

Hard to sit with the vest 

Sweaty  

Cuts into the stomach  

Unnecessary with the Velcro strap at the bust  

Pain in the back because of the vest 

Interviewee 4: Score 5/10 

Said she has a long torso 

Wants -  A longer vest 

Good if it was less weight on the shoulders 

Two cases, so it can be washed more often 

If the vest could pull back the shoulders a little 

Ideally, form-fitted for her upper body 

What is bad-  Forward rotated due to the extra plate 

The vest is too short when standing up  

Have back problems  

Notice the vest while sitting in the car  

With the heavy vest she feels completely demolished after one hour 

Interviewee 5: Score 3/10 

Has the old, black body armor because of the knife protection in the new vest. 

Wants -   Important with knife protection  

The vest should sit further down from the neckline  

More flexible  

Elastic fabric 

Important with straps in the shoulders  

Comfortable, lightweight body armor that protects 

What is bad-  Feel that the bend in the protection material is higher up than were the 
bust are  

Gets stomach problems because of the body armor  
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Wears the vest very loose, then it will not overlap on the sides 

It cuts into the stomach when she sits down 

She notices the vest all the time 

Does not protect the whole bust on the sides  

A warm vest makes her unable to think well 

Interviewee 6: Score 7/10 

“Compared to old vests is this a dream” 

Wants -  Good fit is important 

Short sleeves on the underwear shirt usually 

Lightweight and fits well is important 

Should be in an adaptable material 

Pockets on it are not needed 

Want a slim fit vest as possible 

The vest feels like a part of her, she do not notice it 

What is bad- Does not get fully protected in the side of the bust  

The vest does not overlap around the side 

Gets very warm 

Smelly of the sweat from the heat  

The vest is folding at the bust area  

The outer case is quickly worn out 

Interviewee 7: Score 4,5/10 

Works indoors now but have worked a long time with different body armors. 

Wants -  Protection further down  

Able to control the shoulder straps  

Better protection on the sides  

Tight functional sweater under the vest  

The vest should be cooler  

Mobility and flexibility are important  

Comfortable vest is important beyond the protection  

Should not reduce the range of motion for the arms  

The heavy tactical vest should be available in more sizes  

She wants a form-fitted vest for her body and physics  

Wider shoulder straps 

What is bad-  Underwire bras can be dangerous because of the wire 

Gets tired in the back because of the vest  

Pain in the lower back if standing a long time 

It folds in the stomach area 
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Interviewee 8: Score 6/10 

Wants -  The vest should be comfortable and be well fitted 

It should not be in the way 

It should become one with the body 

Important to overlap on the sides 

Important that you can breathe in the vest 

The vest should be longer 

Smooth is more important than bent cups  

Form stable vest is good  

Good with the four straps around the waist  

Wider shoulder straps can offload more 

Wider in the side 

Would be nice with a vest that can float 

More individual fitted 

What is bad-  Got pain in the back by the previous vest 

Heat rash in summer 

It does not protect the whole bust on the sides 

Interviewee 9: Score 7,5/10 

Wants - Mobility 

Soft and conforms to the body  

Longer 

Fit tight to the body  

A bit more low-cut by the throat 

A little wider at the bust  

What is bad -  It goes up into the throat when sitting down  

It gets too hot 

Does not protect the entire bust area 

Interviewee 10: Score 3/10 

Wants - A llightweight vest 

Custom molded 

What is bad -  The heavy vest is not cupped 

The vest is pressing on the chest 

Gets pain in the lower back 

Sore in the shoulders 

Pinching the stomach fat 

Interviewee 11: Score 2,5/10 

Wants - Not tight fit 
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  Lightweight 

  Pull the shoulders back 

  Flexible design 

  To blend in 

  A armor that provides better posture 

  To be able to tuck the fabric in the pants 

What is bad -  Pain in lower back 

  Pain in shoulders 

  Pain in neck 

  Heavy 

Poor Velcro 

Poor knife protection 

Hard to adjust 

  Feels breathless if she has to run with the body armor 

  It is a stiff design 

  Feels front-heavy 

  Bulky 

 


