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Abstract 
This degree project, conducted at Prevas AB, investigates if there is potential reduced production 
costs due to a change of material of the casing of a Digital Breathalyzer, with retained product 
characteristics. Considering the using of the product, 5 materials are presented and compared with 
respect to mechanical and thermal properties. A material analysis containing a merit value table is 
made and a new casing made of ABS/PC biocompatible plastic is chosen and redesigned with 
lowered production costs as a result. Return on Investment (ROI) in years and number of produced 
pieces is calculated with respect to necessary investments and potential reduced costs. With a 
production rate of 1000 and 4000 pieces per year the ROI is 11,2 and 2,76 years respectively, and 
ROI regarding production volume is 11 204 and 11 049 pieces respectively. 
 

Sammanfattning 
Detta examensarbete, utfört på Prevas AB, undersöker om det går att minska produktionskostnaden 
genom att byta material av höljet på en digital alkoholmätare, med bibehållna produktegenskaper. 
Med produktens användande i åtanke presenteras och jämförs 5 alternativa material med avseende 
på mekaniska och termiska egenskaper. En materialanalys innehållande en meritvärdesanalys 
genomförs och ett nytt hölje av materialet ABS/PC biokompatibel väljs och designas om med en 
lägre produktionskostnad som resultat. Avkastningen mätt i år och antal producerade produkter 
kalkyleras med avseende på nödvändiga investeringar för projektet och potentiella minskade 
kostnader. Med en produktionsvolym på 1000 och 4000 per år blir avkastningen 11,2 och 2,76 år. 
Avkastningen i antal producerade produkter är 11 204 och 11 049. 
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1. Introduction 
The first chapter describes the background of the project and presents problem, aim, purpose and 
questions that will be answered. The chapter also contains delimitations and choice of strategy to 
accomplish the goals of the project.  
 
1.1 Introduction 
This project will analyze an existing product with respect to choice of material and production. The 
purpose is to find a combination of a material, design and manufacturing process that reduces the 
cost of producing the product, whilst keeping the present product characteristics. The project is 
carried out at Prevas AB; a technical IT company that offers solutions, services and products to 
customers who are developing products with high IT content or who need to streamline or automate 
their operations. With leading expertise in high-tech product development, embedded systems and 
industrial IT & automation, Prevas contributes by providing innovative solutions and services that 
create growth. (Prevas AB, 2017) 
 
1.2 Background 
Prevas AB has today developed a digital breathalyzer, from now on called product, used for 
addiction treatment, with an ongoing production. The product feature is to measure the alcohol level 
of the patient and via an application in its smartphone report back to the carer. The care system 
consists of the breathalyzer, a smartphone application and a care portal. This enables remote 
diagnosis, treatment and aftercare of the patient. 
 
The product’s surrounding casing is today composed of extruded aluminum and plastic gables that 
are mounted together. Due to the choice of material, a number of treatments is added to the 
production such as adding an insulation sheet to protect the electronics inside the product.  
 
As the product represents a major part of the system’s cost, and the material cost account for 69 
percent of the total cost of the product, Prevas AB predicts that a major reduction in costs can be 
made by changing the material. However, product characteristics today must be preserved such as 
standard of safety flammability (UL94 HB), biocompatibility (ISO10993), IP code (IP22), rigidity, 
the feeling of quality and robustness. The latter two are difficult to measure and must be judged and 
experienced when holding the device or material in your hand. Economic calculations will be based 
on a yearly production rate of 1000, 2000, 3000 and 4000 pieces. 
 
1.3 Thesis objective 
The aim of this project is to gain reduced production cost of the surrounding casing by a change of 
material. 
 
The following questions are to be answered in this thesis; what alternative materials are available 
within the specification range (preferably plastics instead of aluminum)? How will a change of 
material affect the product characteristics? How will a change of material affect the relevant 
regulations as a medical device? How will a different material affect the product in view of 
sustainability (environmental and ethical)? How will a change of material affect the production 
process? How much profit (if any) is a change of material and manufacturing process? What 
investments are needed (new tools, design and project costs)? What is the Return on Investment 
(ROI) in years and production volume? 
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1.4 Delimitations 
When gathering information about prices of material and production, the decision to stick to current 
manufacturer was requested. This decision also limits the process and material to what the 
manufacturer can provide, in this case the manufacturer referred to the plastic producer Sabic. 
 
An aim is to manufacture a prototype based on the result of calculations and materials research. Due 
to cost limitations this will be made once on a 3D printer, since the cost of producing a tool for e.g. 
injection molding expects to be too high. Although this will be discussed with Prevas AB based on 
the ongoing results of the project. 
 
Previous studies made by Prevas AB show that the most expensive parts are parts with most 
mechanics and electronics. Studies previously made by Prevas AB show that these are difficult to 
replace at this stage, why the focus will lie on the surrounding casing. 
 
Regarding the economic section of the report, costs will not be specified in detail as offered from 
Prevas AB and subcontractors due to a signed non-disclosure agreement. For the same reason, the 
name of subcontractors and the specific plastic trade name will not be mentioned more than 
”subcontractor” and basic plastic name, for example ”ABS/PC bio”. Also, only relevant production 
and mounting costs of the product with respect to this case will be listed. 
 
Due to focusing on specific plastic materials and trade versions, noncommercial literature and 
references have been difficult to avoid in this report.  
 
1.5 Project strategy 
The strategy is to gather information about the specifications of the product through the document 
archive of Prevas AB. Interviews with product managers and customers will be held to get a better 
view of what is expected. With that in mind, literature studies and contact with subcontractors will 
be used to gather a number of potential materials to investigate and compare with respect to the 
product’s end use and material’s different properties. An analysis of different materials will be 
made using a merit values method and one material will be chosen to investigate production 
possibilities and potential changes as a result of material change. A 3D-printed prototype will be 
manufactured to illustrate the new casing and a possible new design. Quotes from subcontractors 
will be collected for the chosen material and production process, followed by an economic analysis 
of the project. Resources at Prevas AB such as 3D CAD mechanic designers, product managers and 
strength analysts will be used and consulted. 
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2. Product 
This section serves as a background of the construction, characteristics and production of the 
product. 
 
2.1 Construction and production 
The construction of the product (Figure 1) is quite complex and consists of various parts; plastics, 
aluminum and several electronic parts. The surrounding casing consists of the casing, made from 
extruded aluminum (Figure 2), and injection molded plastic parts consisting of a lid, a gable top and 
a gable bottom (with bezel) (Figure 3) that covers the electronics inside the product. Figure 4 
shows the air pipe and disposable mouth piece that is also included in the project.  
 

 

 
 

 

 

 

 

 

 
2.2 Product characteristics  
A list of properties was asked to be preserved as it is a medical device, as mentioned above.  

Figure 1. A 3D CAD-design of the product mounted together with the lid to the left and without the lid to the 
right. 

Figure 2. The casing, today made from extruded aluminum.  

Figure 3. Surrounded injection molded plastic parts that are mounted together with the casing. From 
the left; lid, gable top and gable bottom (with bezel). 

Figure 4. Injection molded plastic parts inside the product. From the left; air pipe and disposable 
mouth piece. 
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ISO 10993 defines testing required based on end use of product, the primary guidance for 
biocompatibility testing and is the standard of biological evaluation of medical devices. The role of 
this part is to serve as a framework for planning biological evaluations, which minimizes the 
number and exposure of animal testing by giving preference to chemical constituents. The role is 
not to provide a set of test methods with pass or fail criteria, as this might result in unnecessary 
constraint or false interpretations that the medical device is secure. ISO 10993 only applies to 
plastics, hence there is now biocompatibility demand for aluminum. (International organization for 
standardization, 2009.) 
 
UL94 standard of flammability is a standard test program that measures a material's flammability 
characteristics of plastic materials for parts in devices and appliances. By exposing the material to a 
specified test flame under controlled conditions, the characteristics can be measured and 
distinguished. For UL94, there are 12 specified flame classifications assigned to materials. UL94HB 
describes testing a material in horizontal position (HB - horizontal burning) and measures the burn 
at a rate less than a specific maximum. (UL LLC. 2017)  
 
IP Code is a rating assigned to a product that describes the level of ingress protection, from both  
solid objects (fingers, tools) and from moisture (rain, moist). The format of IP codes is IPxx, where 
the first x represents the ability to resist intrusion from a solid foreign object and can be read  
of a numeral scheme, as shown in Table 1. The second x represents the ability to resist entry from 

 

moisture. Hence, IP22 describes a product protected from solid foreign objects 12,5 millimeters or 
larger and dripping water 15 degrees tilted. (Bisenius W S, 2012) 
 
The product is a quality product and must give the user a feeling of so. A challenge of this project is 
to change material without losing a feeling of robustness, although the substituting material will be 
cheaper that the material of today and with inferior properties. A wish is also to make the finish of 
the casing resistant to scratches and with the possibility to change between users as the largest cost 
of the product lies in the electronics inside the product. 
 
2.3 Production, material and mounting costs 
To get an understanding of the economic part of producing this product, production costs of the 
parts of the surrounding casing is listed in Table 2. Cost per part with respect to volume and and 
fixed startup costs are included. It is notable that the aluminum casing is by far the most expensive 
part, although it does not have a startup cost. But as seen in Table 2 when producing 1000 pieces 
per batch, that is still a fact. 
 

Table 1. The first numeral x represents the ability to resist intrusion from a solid object. The 
second numeral x indicates the degree of protection from moisture. (Bisenius W S, 2012) 
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Mounting time of mechanic parts and of electronics (PCBA) into casing are shown in Table 3. As 
mentioned above, having an aluminum casing adds extra mounting time for the product which 
opens up possibilities of reduced production costs based on a new material of the casing. Mounting 
costs are calculated to an hourly rate of 450 SEK. The present quote from subcontractor when it 
comes to mounting does not include startup costs, why the calculations and numbers in this project 
are fixed. 

 

Cost	per	part	(SEK) Casing	ALU Air	pipe 
Gable	bottom	
+	becel Gable	top Lid Mouth	piece Sum 

Startup	cost 0 1800 3600 1400 900 1800 9500 
Price	per	unit 63,60 4,1 15 18,5 4,25 2,3 107,75 
       9607,75 
Yearly	prod.	volume        

1000 63600 5900 18600 19900 5150 4100 117250 
2000 127200 10000 33600 38400 9400 6400 225000 
3000 190800 14100 48600 56900 13650 8700 332750 
4000 254400 18200 63600 75400 17900 11000 440500 

        
Per	part        

1000 63,6 5,9 18,6 19,9 5,15 4,1 117,25 
2000 63,6 5 16,8 19,2 4,7 3,2 112,5 
3000 63,6 4,7 16,2 18,97 4,55 2,9 110,92 
4000 63,6 4,55 15,9 18,85 4,475 2,75 110,13 

 

 
Mounting costs mechanics  sec sec SEK 

     
Mounting 3M film  1 60 60 7,5 
BC 1 20 20 2,5 
Mount	hose	CO-meter 1 30 30 3,75 
Air	pipe 1 30 30 3,75 
Ring	on	air	pipe 1 30 30 3,75 
PCBA	into	casing 1 10 10 1,25 
Mount	o-ring	into	gable	bottom 1 10 10 1,25 
Mount	gable	bottom	into	casing 1 30 30 3,75 
Mount	gable	top	into	casing 1 30 30 3,75 
Mount	key-ring	into	lid 1 15 15 1,875 
Mount	lid	into	gable	top 1 15 15 1,875 
Button	on	switch 1 5 5 0,625 
Label	on	unit 1 15 15 1,875 
3M	film	material	cost    7 
Total	production	time	mechanics  300 300 44,5 

Table 2. Production and material costs per part in surrounding casing of product. The price of 
the casing is marked in red. 

Table 3. Mounting time and costs of the mechanical parts in product. 



 

 6 

 

3. Theoretical background 
The second chapter will serve as a basis for theoretical knowledge needed for continuing reading 
this report and understanding necessary concepts and background for decisions made throughout 
the project.  
 
3.1 Polymers and plastics 
There are many different types of polymeric materials which are defined by their end use; plastics, 
elastomers (rubbers), fibers, coatings, adhesives, foams and films. (Callister, William D and 
Rethwisch David G. 2011).  
 
3.1.1 Additives 
Plastics consists of one or several polymers (copolymers) together with different additives that are 
added to improve the plastic's properties; heat stabilizer increases the plastic's ability to withstand 
heat, flame retardants obstructs ignition and combustion, antioxidants increases resistance to 
oxidative degradation, UV-stabilizer increases resistance to UV radiation for outdoor use,  fiber 
reinforcements increases stiffness and strength but makes the plastic more brittle (when adding 
glass fiber), fillers are often added to lower the price, plasticizers makes the plastic more ductile, 
dyes are added to color the plastic. (Ullman, Erik. 2003) 
 
Pure plastics have relatively low toxicity due to the chemical inertness and insolubility in water. But 
when combined with additives, their toxic levels increase. Some of these toxic compounds contain 
human carcinogens and interfere with hormone functions when they leach out of the product. 
Therefore, regulatory authorities have set very stringent standards for the plastic manufacturing and 
production industry, especially those meant for the medical devices. Finished products need to meet 
all environmental, regulatory and legislative regulations and need to be 100 percent biocompatible 
plastics. (Majumdar, Archita Datta 2017) 
 
3.1.2 Thermoplastics and thermosetting 
Thermoplastics and Thermosetting plastics are two subdivisions when it comes to describing 
polymers’ response to mechanical forces at elevated temperatures, and are related to its dominant 
molecule structure. Thermoplastics soften when heated and harden when cooled and processes may 
be repeated. Thermosetting polymers are permanently hard during their formation and and do not 
soften when heated, thus the material are generally harder and stronger with more dimensional 
stability than thermoplastics. (Callister, William D and Rethwisch David G. 2011) 
 
Thermosetting polymers are more suited for high heat applications but have a big disadvantage that 
they can not be recycled or reshaped, whilst thermoplastics are highly recyclable and well suitable 
for remolding (Motor Plastics, 2017). 
 
In general, the price for thermosetting plastics are slightly lower than for thermoplastics. However, 
the injection molding process for thermoplastics are far shorter than for thermosetting because of 
the high melting temperature of thermosetting plastics (Callister, William D and Rethwisch David 
G. 2011). 
 
3.1.3 ABS (Acrylonitrile-butadiene-styrene)  
The plastic ABS is an amorphous thermoplastic blend consisting of 15-35% acrylonitrile, 5-30% 
butadiene and 40-60% styrene, depending on the blend different properties can be achieved. 
Acrylonitrile contributes with thermal and chemical resistance, butadiene ductility and impact 
strength. Styrene gives the glossy surface and makes the material easily machinable and less 
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expensive (designsite.dk, 2006). The plastic is relatively inexpensive with outstanding strength and 
toughness, resistant to heat distortion, good electrical properties but is flammable and soluble in 
some organic solvents and with low resistance to UV. Typical applications are toys, refrigerator 
linings, lawn and garden equipment (Callister, William D and Rethwisch David G. 2011). Other 
typical applications are LEGO bricks, computer mouses and housing appliances. Most common 
production processes for this material are plastic molding, injection molding, extrusion and vacuum 
forming (designsite.dk, 2006). 
 
3.1.4 PC (Polycarbonates) 
The thermoplastic PC is an amorphous plastic with properties that makes it dimensionally stable, 
low water absorption, transparent, very good impact resistance and ductility but not outstanding 
chemical resistance. This makes the plastic suitable for safety helmets, lenses, light globes and base 
for photographic film. (Callister, William D and Rethwisch David G. 2011) 
 
Because of its high dielectric strength, the plastic is excellent for electrical applications. Other 
applications are high temperature and pressure windows, face shields, medical equipment, 
instrument components, electrical insulators and automotive parts (City Plastics, 2017). 
 
3.1.5 ABS/PC 
The plastic ABS/PC is a thermoplastic copolymer consisting of ABS and PC (Figure 5) and gives 
the material a unique combination of good processing properties of ABS mixed with good thermal 
properties and high mechanical- and impact strength of PC. Together they constitute a material that 
is stiff, heat resistant, easy to process, has high impact strength even at low temperatures and is 
dimensionally stable. This makes the material suitable in both automotive industry and within 
electronics and especially products that are exposed to large temperature variations. Specific 
applications are TV-frames, LCD-panels, keyboards and casings for personal computers. (Resinex 
Distribution of Plastics & Elastomers, 2017) 
 

 
 
3.1.6 PBT (Polybutylene terephthalate) + 30% glass fibre biocompatible 
This composite polymer is widely used for medical devices and pharmaceutical applications as well 
for electrical, electronic, fiber optics and automotive industries (Sabic, 2017). PBT plastic in itself 
has high strength, good thermal properties, high creep resistance even at high temperatures, good 
stiffness, high wear resistance and high dimension stability (Resinex Distribution of Plastics & 
Elastomers, 2017). 
 
PBT together with glass fibre offers high dimension and thermal properties of PBT mixed with high 
stiffness and strength of glass fibre. However, glass fibre makes the material more sensitive to 

Figure 5. Material structure of ABS/PC.  
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impact, as the material has lower impact strength than PBT itself (Erteco Rubber and Plastics, 
2017). 
 
3.1.7 Biocompatible plastic materials 
The plastic ABS biocompatible and ABS/PC biocompatible are trade versions of ABS and 
ABS/PC. Biocompatibility is the ability of a material to act and perform without affecting basic 
immunological functions of the body. The use of biocompatible plastics in the medical field is 
aimed to enhance healing functions without causing injurious, negative physiological, allergic or 
toxic reactions. (Majumdar, Archita Datta 2017) 
 
There are several tests conducted to test the biocompatibility of a material, the leading one of these 
being the Biological Reactivity Testing (USP Class VI), and ISO 10993, Biological Evaluation of 
Medical Devices. Testing includes chemical, thermal and mechanical tests, implantations, 
intracutaneous and systemic injections. (Majumdar, Archita Datta 2017) 
 
3.2 Material properties  
This section describes the different chosen material properties in terms of measurements, given 
standards and how the different property tests are conducted.  
 
3.2.1 Modulus of Elasticity 
Modulus of elasticity (also called Young's modulus) measures the degree to which a structure 
deforms or strains under a specific stress, or load.  It is derived from Hook's law σ=Eε which says  
that stress (σ) and strain (ε) are proportional to each other, giving it the formula E=stress/strain= σ 
/ε and is the slope of the curve as seen in Figure 6. (Callister, William D and Rethwisch David G. 
2011) 

 

 
 
3.2.2 Hardness Rockwell 
This method measures the hardness of a material through the difference in depth of penetration 
resulting from the application of a minor load followed by a larger load, as seen in Figure 7. 
(Callister, William D and Rethwisch David G. 2011) 
 

Figure 6. Stress versus strain, modulus of elasticity is the slope of the curve. 
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3.2.3 Tensile stress yield 5 mm/min 
Tensile stress corresponds to the maximum stress that can be sustained in a fracture in tension, 
meaning if the same stress is applied and maintained, fracture will result. It is measured by pulling a 
specimen of a material apart (Figure 8) with a specific load (F) under at constant rate whilst 
measuring the instantaneous applied load and the resulting elongation (Callister, William D and 
Rethwisch David G. 2011). In this test the rate is 5 millimeter per minute and measures the stress at 
yielding point of the specimen. 
 
 

 

 
 
3.2.4 Impact stress Izod at 23C (kJ/m²) 
Izod Impact Test measures the impact energy of a material. A notched specimen is placed at a 
bottom base as seen in Figure 9. A load is applied as an impact blow from a weighted pendulum 
hammer that is released from a cocked position at a fixed height. The impact energy is measured 

Figure 7. Schematic figure of Hardness Rockwell test where a minor load is applied to the 
specimen followed by a larger load, and the difference between the two is measured. 

Figure 8. Tensile stress yield is measured by pulling a specimen apart whilst measuring the 
elongation with respect to applied load. 
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from the energy absorption computed from the difference between the starting height and the height 

the pendulum swings to after the hit. (Callister, William D and Rethwisch David G. 2011) 

 
 
3.2.5 HDT - heat distortion temperature 1.82 MPa 3.2 mm 
A material's heat distortion temperature, also called heat deflection temperature, indicates a specific 
temperature to which a material reaches a certain deflection (in this case 3.2 mm) under a specific 
load (in this case 1.82 MPa). It is used to determine short-term heat resistance. In the test, a test 
piece is placed in insulation oil under a specific load while the temperature of the oil is raises at a 
rate of 2°C per minute (Intertek Plastic Technologies Laboratories, 1996-2017). This test is 
illustrated in Figure 10. 

 
 
 
3.2.6 CTE - coefficient of thermal expansion -40°C -> 40°C 
Most solid materials contract men cooled and expand when heated; the coefficient of thermal 
expansion describes the change in length (in our case linear expansion as seen in Figure 11) as the 

Figure 9. Schematic figure of a Impact Stress Izod test where a pivoting arm is released hitting 
the specimen, and the absorbed energy is measured. 

Figure 10. Schematic figure of HDT test where a specific load is applied to a test piece with the 
temperature increasing at a specific rate per minute. 
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temperature is changing. The coefficient is indicative of the extent to which a material expands 
upon heating, in this case from -40°C to 40°C, and has unit of reciprocal temperature 1/°C. 
(Callister, William D and Rethwisch David G. 2011) 

 

 
 
3.2.7 Tactile properties 
The purpose of comparing the materials with respect to tactile properties is to make the user get a 
feeling of the material and determine the feeling of robustness and quality. 
 
3.3 Injection molding 
There are different production processes when forming and producing plastic parts (Figure 12). All 
plastic parts in the Digital Breathalyzer are today produced with plastic injection molding, this since 
the parts are rather small but quite complex. As seen in Figure 12, plastic injection molding is the 

Figure 11. Linear expansion is measured by measuring the expanding length linearly of a 
material under an increase of temperature. 



 

 12 

best production process when it comes to high volumes with high part complexity, and there are 
tens of thousands of different plastics available for the process. Available materials mixed with 
alloys and additives makes it possible to choose a material that has the right properties for almost 
every application (3D Systems Inc, 2017). 
 
3.3.1 Applications and advantages 
Injection molding is the most widely used technique for manufacturing thermoplastic materials 
(Callister, William D and Rethwisch David G. 2011). The process is used to create many things 
such as electronic housings, containers, bottle caps, automotive interiors and combs (3D Systems 
Inc, 2017) due to its ability to produce at high-production rates. Other advantages of injection 
molding are repeatability of high tolerances, low labor costs, minimal material loss, minimal 
finishing and a wide range of materials available for specific applications as mentioned above (The 
Rodon Group, 2017). 
 
3.3.2 Process 
Figure 13 describes the production process of injection molding; Pelletized material (granulates) are 

fed from a feed hopper into a cylinder that is driven by a plunger or ram. The material is then 
pushed into a heating chamber where a spreader is forcing the material to the walls of the cylinder, 
getting the material in better contact with the heated walls, which eventually melts the material into 

a liquid. The molten material is then pushed through a nozzle into a mold cavity tool, pressure is 
then applied until the material is solidified. The mold is then opened, ejected, closed and then 

repeated. (Callister, William D and Rethwisch David G. 2011)

Figure 12. Alternative production processes for thermoplastics in relation to part complexity and 
size. (Sabic, 2017). 



 

 13 

 
 
3.3.3 Mold (tool) 
The production, design and quality of the mold is an important factor in the endeavor to succeed in 
injection molding (The Rodon Group, 2017). For example, it is important to design the mold with 
sufficient draft as seen in Figure 14 for the selected resin and finish. Also, pre-production molds 
should be created (with less durable metal or steel) to help modify the best possible solution for the 
project including finish, coloration and various resins. The pre-production mold is then quality 
tested before producing the final production mold. (The Rodon Group, 2017) 

 

 
There are different types of material for molds; hardened steel, pre-hardened steel, aluminum or 
beryllium/copper alloy. The choice of material is primarily one of economics, as hardened steel is 
more expensive than aluminum but offers a longer lifespan which will offset the higher initial cost 

Figure 13. Scheme of plastic injection molding process. (Energy Ventures, 2017) 

Figure 14. Undrafted mold versus a mold with draft which is important for a proper molding 
tool. (Kagan, Greg. 2007) 



 

 14 

with a higher production volume before wearing out. Although, aluminum can be cost efficient as it 
offers faster cycles due to better heat dissipation than steel, and aluminum molds can also be coated 
with fiberglass to increase wear resistance. When producing multi-cavity molds for several parts, 
production time can be decreased significantly. (3D Systems Inc, 2017) 
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4. Background of investigations 
The third chapter will give a brief introduction to the investigating part when it comes to methods, 
approaches and calculations used to obtain the results of the project. 
 
4.1 Material analysis 
The main part of this project is to find alternative materials for the surrounding casing within a 
chosen range of specifications. To do so, some materials had to be compared with respect to some 
chosen material properties. This section describes what materials and properties were selected and 
why. 
 
4.1.1 What materials are available for the product's application and why? 
Considering the aim of this project, to reduce production costs, and the product's end use and 
required characteristics, the group of material focused on is polymers and thermoplastics. This due 
to the ability to mold detailed and complex components to relatively low prices in high production 
volumes and short cycle processes. This is all possible with the production technique injection 
molding. Also, plastics in general have high electrical resistivity (Callister, William D and 
Rethwisch David G. 2011). This is very suitable for insulating the electronics in the product. 
 
A choice to focus on plastics (Figure 15) that are on the market and at nearby suppliers has been 
made to simplify this project. 
 

 

 
The following plastics are described and compared with respect to properties later on in this 
chapter; ABS (Acrylonitrile butadiene styrene), ABS biocompatible, PC (polycarbonate), the 
copolymers ABS/PC and ABS/PC biocompatible, PBT + 30% glass fibre (Polybutylene 
terephthalate) biocompatible. 

Figure 15. Materials produced and sold by Sabic.(Sabic, 2017) 
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The different materials were chosen because they possess the required characteristics above. 
However, it is worth noting that there are materials that are not classified as biocompatible even 
though a request for this project was to preserve biocompatibility. The decision was made because it 
was considered interesting to see the difference between the biocompatible and non-biocompatible 
materials with respect to mechanical and thermal properties. 
 
4.1.2 Properties comparison 
The product's end use requires the product to withstand being carried around, dropped and squeezed 
at different temperatures and also under temperature changing circumstances. Considering this, 6 
properties were compared and differentiated to get an understanding of the difference between the 
materials. The mechanical properties are indicated by Modulus of Elasticity, Tensile Stress, 
Hardness (Rockwell) and Impact Strength (Izod) while Heat Distortion Temperature and 
Coefficient of Thermal Expansion describes the material's behavior when changing temperature. 
Due to the product’s present characteristics where the product must give the user a feeling of that it 
is a quality product, tactile properties will also be compared with samples of the plastics. 
 
A decision not to include aluminum in the properties comparison was made due to aluminum’s 
superior mechanical strength versus plastics. Partly, the tables will be more difficult to read when 
including aluminum due to its high numbers (for example, the Modulus of Elasticity for aluminum 
is 69 000 MPa and 2 270 MPa for ABS and ABS/PC bio respectively). The chosen properties are 
also sometimes measured in different values, for example the hardness rockwell test. 
 
4.1.3 Merit values table 
When analyzing the material’s properties, a table (Table 10) of merit values was used to rate the 
different materials with regard to the material’s results within the different properties where 1 was 
the best result of one material for a specific property and 5 the lowest. If two materials get the same 
result, the number is shared between the two. The method does not consider one property to be 
more important than the other, although this will be commented in the analysis section. Adding the 
numbers up, the best material overall has the lowest ranked number. 
 
4.2 Design and manufacturing of injection molding tools 
Ideas and experiments in this section are based on interviews with product managers and persons 
involved with this project at Prevas AB. A potential new design is then designed in CAD by a CAD 
mechanics designer at Prevas AB.  
 
Manufacturing of injection molding tools are conducted at a subcontractor, although ideas and 
design are made at Prevas AB and discussed with the subcontractor to get an idea of what is 
possible and needed for the specific tool. Hence, prices for tools are quoted from the manufacturer. 
 
4.3 ROI (Return on Investment) 
Given the required investments and potential reduced costs for changing material of the casing, ROI 
measured in years and production volume with respect to different yearly production volumes per 
year were calculated.  
 
The numbers will be based on prices and quotes from subcontractors when it comes to material, 
mounting and production costs as well for potential needed investments.   
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5. Investigations 
This chapter will go through the investigating part of the project, showing the difference between 
the materials with regards to material properties followed by a selection of a specific material to 
proceed investigating. It will also investigate the production process and potential improvements in 
design and mounting that could decrease production costs. 
 
5.1 Materials 
 
5.1.1 Properties 
The selected materials are compared and differentiated with respect to the chosen material 
properties. Facts are based on specific material sheets facts from manufacturers.  
 

5.1.1.1 Modulus of Elasticity (Young's modulus) (MPa) 
As described in chapter 2, Modulus of Elasticity shows a material's resistance to being deformed 
elastically under a specific load or stress. Table 4 shows the results of the materials with respect to 
Modulus of Elasticity in MPa. 
 

 

 
  

5.1.1.2 Hardness Rockwell 
Rockwell Hardness test measures the hardness of the material and its ability to resist penetration of 
a specific indenter. Table 5 shows the difference between the materials with respect to hardness, the 
property is unit-less. 
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Table 4. Results of the chosen materials with respect to Modulus of Elasticity (MPa). (Appendix I-V) 
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5.1.1.3 Tensile strength (MPa) 
A material's Tensile Strength, measured in MPa, describes a material's resistance to being pulled 
apart. Table 6 shows the result of the difference between the chosen materials with respect to 
Tensile Strength. 
 

 
 

5.1.1.4 Impact strength Izod 23°C (kJ/m²) 
The Impact Strength, measured in kJ/m², describes a material's ability to resist hits and impacts. 
Table 7 shows the difference between the materials with respect to Impact Strength. 
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Table 5. Results of the chosen materials with respect to Hardness Rockwell test. (Appendix I-V) 

Table 6. Results of the chosen materials with respect to Tensile stress yield (MPa). (Appendix I-V) 
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5.1.1.5 Heat Distortion Temperature 1.82 MPa 3.2mm 
HDT, Heat Distortion Temperature, describes a material's ability to resist deflecting under a specific 
load during a change in temperature. Table 8 shows the difference between materials with respect to 
HDT.

 

5.1.1.6 Coefficient of thermal expansion -40°C to 40°C (1/°C) 
The CTE, Coefficient of Thermal Expansion, describes a materials properties when it comes to 
temperature changes. Table 9 shows the difference of the compared materials with respect to CTE. 
The lower the number, the better a material's property is. 
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Table 7. Results of the chosen materials with respect to Impact strength Izod 23°C (kJ/m²). (Appendix I-V) 

Table 8. Results of the chosen materials with respect to HDT 1.82 MPa 3.2mm (°C). (Appendix I-V) 
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5.1.1.7 Tactile properties 
An important property to consider would have been the tactile property, however due to lack of 
deliveries of samples from subcontractors, the materials could not be compared with respect to this 
property. 
 
5.1.2 Analysis  
To analyze the materials with respect to material properties, a Merit Values Table (Table 10) is used 
as described in section 3.1.3.  
 
An important property to consider would have been the tactile property, however due to lack of 
deliveries of samples, there are no results to report. 
 
As seen in Table 10, it is clear that PBT + 30% glass fibre is superior the other materials when it 
comes to mechanical strength and thermal change conditions, except for impact strength where the 
material was rated number 5 with only 36% of the capacity of number 4 (ABS and ABS bio). This 
depends on the properties of glass fibre (Erteco Rubber and Plastics, 2017). Considering the 
product’s end use where it needs to withstand being dropped at hard surfaces, impact strength is an 
important property to consider.  

 
Merit	values	Material ABS ABS	bio ABS/PC ABS/PC	bio PBT+30%	gf	bio 
      
Modulus	of	elasticity 4 4 2 3 1 
Hardness	Rockwell 3 3 2 2 1 
Tensile	stress 3 3 2 2 1 
Impact	strength 3 3 1 2 5 
HDT 4 4 3 2 1 
CTE 4 4 3 2 1 
Tactile N/A N/A N/A N/A N/A 
Sum 21 21 13 13 10 
      
Rank 3 3 2 2 1 

A B S A B S  B I O A B S / P C A B S / P C  
B I O

P B T + 3 0

1/
°C

Table 9. Results of the chosen materials with respect to CTE -40°C to 40°C (1/°C). (Appendix I-V) 

Table 10. Merit value of compared materials regarding different properties. 
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ABS and ABS bio both have lower mechanical strength and thermal properties than the other 
materials and were not ranked number 1 in any respect at all, whilst ABS/PC and ABS/PC bio 
where very equal regarding properties, with ABS/PC marginally higher mechanical strength and 
ABS/PC bio better regarding thermal properties. 
 
PBT + 30% glass fibre has the overall best results and is ranked number 1. However, being best 
does not automatically make it the right material for this application. As mentioned above, a very 
important property to consider is impact strength, and since there were no numbers or frames for 
this property in this project, the risk of choosing this material to high and the material was excluded. 
The material overall is very interesting in general for the application, but to proceed with this 
material a proper strength analysis with drop tests would have needed to be done. 
 
Considering the merit values results, the result in impact strength property test and the fact that the 
material is biocompatible, it was recommended to proceed investigating the possibility to replace 
the aluminum casing with material ABS/PC bio.  
 
In general, aluminum has far better material properties than plastics when it comes to mechanical 
and thermal properties (Aluminum Extruders Council, 2015) and ABS/PC bio, so it is assumed that 
the product’s characteristics deteriorate when it comes to this. However, it is questioned if the 
product from the beginning needed the mechanical strength of aluminum in the casing. Since the 
other parts of the surrounding casing are made from plastics, they pull down the characteristics of 
the entire product and a proper strength analysis for the product would have to be made. This is 
however an area for discussion outside this project. 
 
5.3 Production process 
When choosing plastic ABS/PC bio as a potential material to proceed investigating, there are some 
important facts to consider when it comes to production process. For example, the new material 
demands a new production process followed by a number of needed actions and investments as new 
design, tools and project costs. 
 
The suitable and chosen production method for the new plastic casing is injection molding. To start 
with, a new injection molding tool for this is needed as described in section 2.3.3. 
 
5.3.1 Design 
Due to the need of a new injection molding tool and the fact that a injection molding tool needs a 
draft, a new design of the casing is needed. However, since the casing's tool needs a draft as 
described in section 2.3.3 (not needed in today's extruded aluminum), new dimensions are required. 
This leads to having to redesign and manufacture one of the gables to make the dimensions right 
and the parts fit together. This opens up to possible changes that could decrease the production and 
mounting costs. 
 
An idea that arose in this process was to design the casing and a gable top together which would 
most possibly lower production and mounting cost due to fewer parts, which would lead to fewer 
molding tools, faster molding time and less mounting time. The gable bottom of the product is 
required to be translucent and a decision to keep PC (polycarbonate) as a material for this part was 
made, designing the casing together with the gable top is the most effective way of this 
improvement as seen in Figure 16. However, the new design makes it difficult to choose different 
colors in casing and gable top, which could be a disadvantage. But the change in design would most 
definitely benefit the product in view of sustainability due to fewer parts and molds, and it would 
also keep the product more compact.  
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A prototype was designed and 3D-printed together with Prevas AB to illustrate the product and the 
new design, although it was not created in ABS/PC bio since this is not available for 3D-printing.  
 

 
 
5.3.2 Mounting 
Changing material from aluminum to a ABS/PC bio in this case gives benefits not only to possible 
reduced material costs, but also to possible reduction of an extra film added as an isolation sheet (as 
mentioned in the Introduction) between the electrical parts and the casing as plastics are used as 
electrical insulators (Aluminum extrusion council, 2015). The mounting of the isolation sheet is 
reduced as well for the mounting of the gable top into the casing due to the new design.  
 
5.3.3 Manufacturing of injection molding tools 
The new design of casing + gable top requires a new design of gable bottom + bezel molding tool 
which consists of two different tools; gable and bezel. Quotes for new tools was demanded from 
subcontractors and are shown in the results in the next chapter. An investigation of the possibility to 
change the existing molding tool for gable bottom + bezel was made, but the molding tool 
manufacturer estimates it will not hold for production. Though, this is an area of discussion in the 
future. This means that there is a total of three different tools required to be manufactured, with 
quoted costs shown in Table 14. In view of sustainability, steel molding tools are recommended due 
to its longer life cycle. But as the requested yearly production volume for this project is set to 1000, 
2000, 3000 and 4000 pieces per year and the economy is of great importance, aluminum tools are 
preferred. Costs and investing calculations were based on aluminum tools. 
 
5.3.4 Project  
Regarding the production process, the product's regulations as a medical device and changing 
material of the casing, certain factors and costs has to be considered and it is assumed that a second 
part is hired to deliver a new version of this product when it comes to design, quality assurance, 
prototype manufacturing and tests with respect to needed regulations as this assumes to be too big 
of a project to run within a company. A quote for these specifications from Prevas AB was 
requested (Table 15). 
 
 
5.4 ROI (Return on Investment) 
After choosing a new material, design and production process and knowing what injection molding 
tools and project investments are needed, prices and quotes from subcontractors were requested and 
served as a basis for calculations of ROI. The results are shown in the next chapter. 
 
  

Figure 16. New recommended design of casing and gable top together. 
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6. Results 
This chapter will show the results and findings of the investigating part; potential reduced costs, 
prices and calculations obtained throughout the project.  
 
6.1 Material, production and mounting 
Previous chapter presented suggestions of new material, production process, tools, design, 
mounting. This section calculates and presents the economic results of the investigation including 
needed investments. 
 
6.1.1 Potential reduced costs 
Saved costs due to the change of design will according to section 1.2.3 lead to 30 seconds less 
mounting time (mounting gable top into casing) which corresponds to 3,75 SEK and according to a 
quotation from a subcontractor the difference for producing 1000 pieces would be -70,8 SEK as 
shown in Table 11. Total reduced cost is summed up to 74,55 SEK for producing 1000 pieces in 
one batch per year. Although, it is difficult to decide exactly how much the cost reduction is for the 
actual design change as the quote includes change of material from aluminum to ABS/PC bio in 
casing. New quotes from subcontractor will be needed to determine the specific reduced cost of 
design change respective material change of casing. 
 

 
Yearly	production	rate New	casing	+	gable	top	(SEK) Old	casing	+	Gable	top	(SEK) Diff	(SEK) 

1000 12,7 83,5 −70,8 
2000 11,6 82,8 −71,2 
3000 11,2 82,6 −71,4 
4000 11,05 82,45 −71,4 

 
 
Excluding the isolation sheet will save 7 SEK in material costs and 60 seconds of mounting time 
which corresponds to a total saving of 14,5 SEK. Table 11 lists possible suggested savings as a 
result of material change to ABS/PC bio. Table 12 shows the original mounting time with potential 
reduced costs marked in red, Table 13 shows the potential reduced mounting costs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 11. New prices for the plastic casing + gable top versus the old prices for aluminum 
casing + gable top. The difference in SEK is shown in the right column. 
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Mounting costs mechanics  sec sec SEK 

     
Mounting of 3M film  1 60 60 7,5 
BC 1 20 20 2,5 
Mont	hose	CO-meter 1 30 30 3,75 
Air	pipe 1 30 30 3,75 
Ring	on	air	pipe 1 30 30 3,75 
PCBA	into	casing 1 10 10 1,25 
mont	o-ring	into	gable	bottom 1 10 10 1,25 
Mount	gable	bottom	into	casing 1 30 30 3,75 
Mount	gable	top	into	casing 1 30 30 3,75 
Mount	key-ring	into	lid 1 15 15 1,875 
Mount	lid	into	gable	top 1 15 15 1,875 
Button	on	switch 1 5 5 0,625 
Label	on	unit 1 15 15 1,875 
3M	film	material	cost    7 
Total	production	time	mechanics  300 300 44,5 

 
 

 
Reduced	production	costs SEK 
  
Mounting	isolation	sheet 7,5 
Isolation	sheet	material 7 
Mounting	gable	top 3,75 
  
Sum 18,25 

 
 
6.1.2 Needed investments 
Table 14 concludes the needed investments for new injection molding tools, according to quotes 
from tool manufacturer. Needed project and product implementation and verification costs are listed 
in Table 15 as quoted from Prevas AB. The total summary of the investments is found in Table 16. 
 
 
 
 
 
 
 
 

Table 12. Mounting costs. Potential reduced production costs are marked in red. 

Table 13. Total mounting process cost reduction due to change of material, material cost 
reduction not included. 
 



 

 25 

 
New	injection	molding	tools SEK 
  
Casing	+	gable	top 97000 
Gable	bottom 120000 
Bezel 52000 
  
Sum 269000 

 

 
Project	costs SEK  

Project	Manager 190000  
Quality	Assurance 76000  
Mechanics	design 340000  
Mechanics	review 34000  
Fixed	costs   
Prototypes	3D 5000 Implementation 

Prototypes	milled	 10000 Implementation 

EMC	lab	-	pre	compliance 15000 Implementation 

EMC	lab	compliance 60000 Verification 

Electricity	safety	assurance 25000 Verification 

Sum 755000  
 
 

 
New	injection	molding	tools SEK  
   
Casing	+	gable	top 97000  
Gable	bottom 120000  
Bezel 52000  
   
Sum 269000  
   
Project	costs	change	of	casing   
   
Project	manager 190000  
Quality	assurance 76000  
Mechanics	design 340000  
Mechanics	review 34000  
   

Table 14. Costs of new injection molding tools needed as a result of new design and material 
change of casing. 

Table 15. Project costs as a result of new design and material change of casing. 

Table 16. Total required costs as a result of material change of casing. 
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New	injection	molding	tools SEK  
Fixed	costs   
Prototypes	3D 5000 Implementation 
Prototypes	milled	 10000 Implementation 
EMC	lab	-	pre	compliance 15000 Implementation 
EMC	lab	compliance 60000 Verification 
Electricity	safety	assurance 25000 Verification 
   
   
Sum 755000  
   
Total	sum 1024000  

 
6.2 Summary reduced costs 
Potential reduced costs for production and material change of casing as described in previous 
chapters are listed and summed up in Table 17 with respect to yearly production volume. Worth 
noting is the difference between the numbers from section Table 11 and Table 17 when it comes to 
the difference of reduced production and material costs. This depends on a new better price in quote 
from subcontractor for gable bottom + bezel because of a new molding tool. For a yearly production 
rate of 1000 pieces, the difference in price is 2,35 SEK. Table 17 shows the total material and 
production reduction in costs, with the new cost in percent of the original old cost.  
 
Table 18 shows the reduced mounting costs retrieved from Table 13 with the new cost in percent of 
the original old cost. The total sum of potential reduced costs of mounting, material och production 
is shown in Table 19 with the new cost in percent of the original old cost. 
 

 
Production/Material	costs Old	(SEK) New	(SEK) Sum	change	(SEK) % 
Yearly	production	volume     

1000 117,25 44,1 73,15 38	% 
2000 112,5 38,5 74 34	% 
3000 110,92 36,63 74,29 33	% 
4000 110,13 35,7 74,43 32	% 

 
 

 
Mounting	costs Old	(SEK) New	(SEK) Sum	change	(SEK) % 
     
Fixed	cost 44,5 26,25 18,25 59	% 

 
 
 
 
 

Table 17. Sum of reduced costs with respect to production and material, mounting excluded. 

Table 18. Total mounting cost reduction due to change of material, material cost reduction 
excluded. 
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Total	reduced	costs Old	(SEK) New	(SEK) Sum	change	(SEK) % 
Yearly	production	volume     

1000 161,75 70,35 91,4 43	% 
2000 157 64,75 92,25 41	% 
3000 155,42 62,88 92,54 40	% 
4000 154,63 61,95 92,68 40	% 

 
 
6.2.1 ROI 
Given the required investments and potential reduced costs for changing material of the casing, ROI 
measured in years and production volume with respect to different yearly production volumes per 
year was calculated and is illustrated in Table 20.  
 

 
Yearly	prod.	rate Reduced	costs	(SEK) Total	project	costs	(SEK) ROI	years ROI	prod.	volume 

1000 91,4 1024000 11,20 11203,50 
2000 92,25 1024000 5,55 11100,27 
3000 92,54 1024000 3,69 11065,49 
4000 92,68 1024000 2,76 11048,77 

10000 92,68 1024000 1,10 11048,77 
20000 92,68 1024000 0,55 11048,77 

 
 
With a yearly production rate of 1000 pieces, ROI is 11,2 years and/or 11 204 (11 203,50 but since 
produced pieces is measured in actual complete pieces, it gives 11 204) produced pieces. A yearly 
production rate of 4000 gives a ROI of 2,76 years and 11 049 (11 048,77) pieces. 
 
To visualize what happens in terms of ROI when production is considerably higher, yearly 
production rate of 10 000 and 20 000 were added to the calculation. ROI of a yearly production rate 
of 10 000 and 20 000 is 1,10 and 0,55 years respectively. ROI of production volume levels out at 
these numbers. The numbers do not consider potential future investments, for example new molding 
tools and project costs. This area is however a discussion for future work. 
 
Worth noting is that production and material costs of the surrounding casing itself can be reduced to 
38% and 32% respectively for a production rate of 1000 and 4000 whilst potential reduction of 
costs in mounting are 59% as a direct result of material change of casing. 
 
  

Table 19. Total reduced costs as a result of material change of casing. Mounting, production 
and material included. 

Table 20. ROI in years and production volume with respect to yearly production rate. 
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7. Conclusion 
The last chapter of the thesis concludes the project with a discussion of the results, 
recommendations for Prevas AB and future work. It also discusses the project and product in view 
of sustainability. 
 
7.1 Discussion 
This project shows that it is possible to gain reduced production cost due to a change of material of 
the casing from aluminum to ABS/PC bio. Table 19 shows that potential reduced production costs 
of the surrounding casing can be reduced down to 40% of the original cost for a yearly production 
rate of 4000 pieces per year. Though, there are some investments that has to be done for this to be 
possible and for the product to maintain its status as a medical device subject with following tests; a 
total of 1 029 000 SEK needs to be invested.  
 
Return on Investment (ROI) for producing 1000 and 4000 pieces per year are 11,20 and 2,76 
respectively. Return on Investment (ROI) measured in a certain production volume for 1000 and 
4000 pieces per year are 11 204 and 11 049 pieces respectively. 
 
Comparing potential reduced production costs and ROI, it can appear to be surprising how the result 
of ROI is not better, but this is of course a result of the needed investments for the project since this 
is a medical device and not an ordinary product. Also, when looking at demanded production rate, it 
is still quite small. However, since the biggest cost for the project is fixed (project manager, 
mechanical design, tests) then it will give a much better ROI when increasing in production volume.  
Can some of the fixed project costs be run internally in the company, the ROI would be much 
higher.  
 
Another interesting factor that comes with increased volume is the possibility to invest in multi 
cavity injection molding tools of steel that are more expensive to manufacture but gives back an 
exponential ROI due to its ability to mold several parts (cavities) in one mold. This was discussed 
with a subcontractor as a possibility for the future. 
 
By just looking at potential consequences of replacing the aluminum casing with a ABS/PC bio 
casing, only a part of potential reduced production costs of the product is investigated. It is assumed 
that there is more potential for reduced costs when it comes to replacing electronic parts and most 
definitely when it comes to the mounting part. 
 
Aluminum has far better mechanical and thermal properties than plastics, so it is assumed that the 
characteristics deteriorate when it comes to mechanical strength even though a strength analysis has 
to made of the entire product to determine this. It is questioned if the high mechanical properties of 
aluminum was needed from the beginning of the product. 
 
When choosing the material for further investigation in the project, it would have been easy to 
proceed with PBT + 30% glass fibre bio due to its outstanding results in the merit value method and 
the fact that it possessed all the characteristics needed for this product. However, since no limits 
were given when it comes to impact strength, the material could not be chosen to proceed with due 
to the risk of breaking when dropping it. A full strength analysis and drop test are recommended if 
wanting to investigate this material, which is considered very interesting.  
 
7.1.1 Recommendations 
My recommendations for Prevas AB is not to replace the casing for economic reasons, as I think 
with the present demanded production volumes the ROI will be to low/long. However, there are 
other driving forces for replacing this casing that is worth mentioning, like a redesign or 
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replacement of an electronic part. Then this replacement would be a recommended thing to to as 
well. Also, if the production volume increases it is recommended to invest in new multi cavity steel 
tools and replace the aluminum casing to a ABS/PC bio casing. The latter recommendation is also 
to prefer if fixed costs can be decreased through internal work.  
 
7.1.2 Future work 
Future work should dig deeper into potential reduced production costs when it comes to electronic 
parts and the mounting phase. New quotes should be demanded from subcontractors for multi 
cavity steel molds and for higher yearly production rates, from 10 000 up to 50 000. This should be 
followed by economic calculations and analysis. If replacing the casing, a strength analysis should 
be made of the product to discover potential weaknesses.  
 
7.2 Sustainability analysis 
When replacing an aluminum casing with a plastic (ABS/PC bio) casing, it is interesting to discuss 
some differences between the two materials in view of sustainability and how the change would 
affect the product in terms of sustainability. 
 
Aluminum is manufactured from as many as 270 different minerals, which leads to major energy 
consuming in mining equipment (Sanel, Barry. 2008). Compared to plastic (Low density 
polyethylene pellets), only 17 percent as much energy is consumed to produce the same amount of 
material (Rastogi, Nina. 2010). The melting temperature of aluminum is 660 degrees celsius 
compared to 275-300 for ABS/PC bio which indicates that more energy is needed for aluminum 
melting process. On the other hand, plastics are polymerized and refined by petroleum byproducts 
(Sanel, Barry. 2008). However, biocompatible plastics ”need to meet all environmental, regulatory 
and legislative regulations” (Majumdar, Archita Datta. 2017). 
 
Regarding transportation, it was decided too difficult to make a proper analysis of the product in 
this project because of the many parts from different subcontractors and manufacturers that the 
product contains. Though, worth commenting is the density of aluminum versus ABS/PC bio; 2,70 
g/cm3 and 1,15 g/cm3 respectively which leads to lighter transportations with ABS/PC bio casing 
and therefore lower environmental impact. 
 
When it comes to recycling materials, recycling plastic is in general more energy consuming than 
aluminum (Difference between, 2016). Plastic degrades after recycling, not aluminum, meaning 
aluminum is recyclable forever, and recycling of aluminum requires 95% less energy than making it 
from scratch, the figure is 70% for plastics (The Economist, 2007). 
 
In this project, some factors have been considered; when choosing alternative plastics, 
thermoplastics were chosen because the ability to recycle the material, which is not the case for 
thermosetting plastics (Callister, William D and Rethwisch David G. 2011). An aim for this project 
was to strive for Prevas AB to be able to reuse the electronics and replace the casing for different 
users, which will be possible with the new design and material. By not composing new materials or 
try to get a new material tested for biocompatibility, any potential animal testing was avoided. Also, 
a demand has always been to keep the product biocompatible and only work with biocompatible 
materials in the surrounding casing. 
 
Conclusion; it is difficult to decide the environmental impact in a change of casing from aluminum 
to ABS/PC bio since there are advantages and disadvantages of both materials. From an ethical 
point of view, plastics are not to prefer since animal testing is far more common and plastics are a 
strong contributing factor to the pollution of the oceans (Engler, Sarah. 2016). 
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A Appendix PBT + 30% glass fibre biocompatible 
 
VALOX™ Resin HX420HP 
Europe-Africa-Middle East: COMMERCIAL 
Medium Flow, 30% Glass filled, Polybutylene Terephthalate (PBT) resin. For medical devices and pharmaceutical applications. Healthcare management of 
change, biocompatible (ISO 10993 or USP Class VI), food contact compliant. Available in limited colors. 
 TYPICAL PROPERTIES TYPICAL VALUE Unit Standard 
MECHANICAL 
Tensile Stress, yld, Type I, 5 mm/min 120 MPa ASTM D 638 
Tensile Stress, brk, Type I, 5 mm/min 120 MPa ASTM D 638 
Tensile Strain, yld, Type I, 5 mm/min 3 % ASTM D 638 
Tensile Strain, brk, Type I, 5 mm/min 3 % ASTM D 638 
Tensile Modulus, 5 mm/min 9300 MPa ASTM D 638 
Flexural Stress, brk, 1.3 mm/min, 50 mm span 189 MPa ASTM D 790 
Flexural Modulus, 1.3 mm/min, 50 mm span 7580 MPa ASTM D 790 
Hardness, Rockwell R 118 - ASTM D 785 
Tensile Stress, yield, 5 mm/min 125 MPa ISO 527 
Tensile Stress, break, 5 mm/min 125 MPa ISO 527 
Tensile Strain, yield, 5 mm/min 2 % ISO 527 
Tensile Strain, break, 5 mm/min 2 % ISO 527 
Tensile Modulus, 1 mm/min 9300 MPa ISO 527 
Flexural Stress, yield, 2 mm/min 195 MPa ISO 178 
Flexural Modulus, 2 mm/min 8500 MPa ISO 178 
IMPACT 
Izod Impact, unnotched, 23°C 801 J/m ASTM D 4812 
Izod Impact, notched, 23°C 85 J/m ASTM D 256 
Izod Impact, notched, -30°C 80 J/m ASTM D 256 
Instrumented Impact Total Energy, 23°C 10 J ASTM D 3763 
Izod Impact, unnotched 80*10*4 +23°C 45 kJ/mÇ ISO 180/1U 
Izod Impact, unnotched 80*10*4 -30°C 45 kJ/mÇ ISO 180/1U 
 

VALOX™ Resin HX420HP 
Europe-Africa-Middle East: COMMERCIAL 
 TYPICAL PROPERTIESÅ TYPICAL VALUE Unit Standard 
IMPACT 
Izod Impact, notched 80*10*4 +23°C 8 kJ/mÇ ISO 180/1A 
Izod Impact, notched 80*10*4 -30°C 7 kJ/mÇ ISO 180/1A 
Charpy 23°C, V-notch Edgew 80*10*4 sp=62mm 5 kJ/mÇ ISO 179/1eA 
THERMAL 
Vicat Softening Temp, Rate B/50 215 °C ASTM D 1525 
HDT, 0.45 MPa, 6.4 mm, unannealed 215 °C ASTM D 648 
HDT, 1.82 MPa, 6.4 mm, unannealed 207 °C ASTM D 648 
CTE, -40°C to 40°C, flow 2.52E-05 1/°C ASTM E 831 
CTE, 60°C to 138°C, flow 2.52E-05 1/°C ASTM E 831 
CTE, -40°C to 40°C, flow 2.5E-05 1/°C ISO 11359-2 
CTE, -40°C to 40°C, xflow 1.2E-04 1/°C ISO 11359-2 
Vicat Softening Temp, Rate B/50 215 °C ISO 306 
Vicat Softening Temp, Rate B/120 220 °C ISO 306 
HDT/Af, 1.8 MPa Flatw 80*10*4 sp=64mm 200 °C ISO 75/Af 
PHYSICAL 
Specific Gravity 1.53 - ASTM D 792 
Specific Volume 0.65 cmÑ/g ASTM D 792 
Water Absorption, 24 hours 0.06 % ASTM D 570 
Mold Shrinkage, flow, 3.2 mm (5) 0.3 - 0.8 % SABIC Method 
Mold Shrinkage, flow, 1.5-3.2 mm (5) 0.3 - 0.5 % SABIC Method 
Mold Shrinkage, flow, 3.2-4.6 mm (5) 0.5 - 0.8 % SABIC Method 
Mold Shrinkage, xflow, 1.5-3.2 mm (5) 0.4 - 0.6 % SABIC Method 
Mold Shrinkage, xflow, 3.2-4.6 mm (5) 0.6 - 0.9 % SABIC Method 
Melt Flow Rate, 250°C/2.16 kgf 26 g/10 min ASTM D 1238 
Density 1.53 g/cmÑ ISO 1183 
 

VALOX™ Resin HX420HP 
Europe-Africa-Middle East: COMMERCIAL 
 TYPICAL PROPERTIESÅ TYPICAL VALUE Unit Standard 
PHYSICAL 
Water Absorption, (23°C/sat) 0.26 % ISO 62 
Moisture Absorption (23°C / 50% RH) 0.06 % ISO 62 
Melt Volume Rate, MVR at 250°C/2.16 kg 20 cmÑ/10 min ISO 1133 
ELECTRICAL 
Volume Resistivity >3.2E+16 Ohm-cm ASTM D 257 
Dielectric Strength, in air, 3.2 mm 18.7 kV/mm ASTM D 149 
Dielectric Strength, in oil, 1.6 mm 24.8 kV/mm ASTM D 149 
Relative Permittivity, 100 Hz 3.8 - ASTM D 150 
Relative Permittivity, 1 MHz 3.7 - ASTM D 150 
Dissipation Factor, 100 Hz 0.002 - ASTM D 150 
Dissipation Factor, 1 MHz 0.02 - ASTM D 150 
 

VALOX™ Resin HX420HP 
Europe-Africa-Middle East: COMMERCIAL 
 PROCESSING PARAMETERS TYPICAL VALUE Unit 
Injection Molding 
Drying Temperature 120 °C 
Drying Time 3 - 4 hrs 
Drying Time (Cumulative) 12 hrs 
Maximum Moisture Content 0.02 % 
Melt Temperature 250 - 265 °C 
Nozzle Temperature 245 - 260 °C 
Front - Zone 3 Temperature 250 - 265 °C 
Middle - Zone 2 Temperature 245 - 260 °C 
Rear - Zone 1 Temperature 240 - 255 °C 
Mold Temperature 65 - 90 °C 
Back Pressure 0.3 - 0.7 MPa 
Screw Speed 50 - 80 rpm 
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Shot to Cylinder Size 40 - 80 % 
Vent Depth 0.025 - 0.038 mm 
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B Appendix ABS Acrylonitrile-butadiene-styrene 
 
CYCOLAC™ Resin MG47F 
Europe-Africa-Middle East: COMMERCIAL 
Multi-purpose, injection molding ABS providing a favorable balance of engineering properties. FDA compliant. 
 TYPICAL PROPERTIESÅ TYPICAL VALUE Unit Standard 
MECHANICAL 
Tensile Stress, yld, Type I, 5 mm/min 44 MPa ASTM D 638 
Tensile Stress, brk, Type I, 5 mm/min 33 MPa ASTM D 638 
Tensile Strain, yld, Type I, 5 mm/min 2 % ASTM D 638 
Tensile Strain, brk, Type I, 5 mm/min 24 % ASTM D 638 
Tensile Modulus, 5 mm/min 2270 MPa ASTM D 638 
Flexural Stress, yld, 1.3 mm/min, 50 mm span 70 MPa ASTM D 790 
Flexural Modulus, 1.3 mm/min, 50 mm span 2300 MPa ASTM D 790 
Hardness, Rockwell R 112 - ASTM D 785 
Tensile Stress, yield, 50 mm/min 47 MPa ISO 527 
Tensile Stress, break, 50 mm/min 35 MPa ISO 527 
Tensile Strain, yield, 50 mm/min 2.6 % ISO 527 
Tensile Strain, break, 50 mm/min 25 % ISO 527 
Tensile Modulus, 1 mm/min 2370 MPa ISO 527 
Flexural Stress, yield, 2 mm/min 70 MPa ISO 178 
Flexural Modulus, 2 mm/min 2200 MPa ISO 178 
IMPACT 
Izod Impact, notched, 23°C 320 J/m ASTM D 256 
Instrumented Impact Total Energy, 23°C 30 J ASTM D 3763 
Izod Impact, notched 80*10*4 +23°C 22 kJ/mÇ ISO 180/1A 
Izod Impact, notched 80*10*4 -30°C 8 kJ/mÇ ISO 180/1A 
Charpy 23°C, V-notch Edgew 80*10*4 sp=62mm 26 kJ/mÇ ISO 179/1eA 
Charpy -30°C, V-notch Edgew 80*10*4 sp=62mm 9 kJ/mÇ ISO 179/1eA 
 

CYCOLAC™ Resin MG47F 
Europe-Africa-Middle East: COMMERCIAL 
 TYPICAL PROPERTIESÅ TYPICAL VALUE Unit Standard 
THERMAL 
Vicat Softening Temp, Rate B/50 99 °C ASTM D 1525 
HDT, 0.45 MPa, 3.2 mm, unannealed 94 °C ASTM D 648 
HDT, 1.82 MPa, 3.2mm, unannealed 80 °C ASTM D 648 
CTE, -40°C to 40°C, flow 8.82E-05 1/°C ASTM E 831 
CTE, -40°C to 40°C, xflow 8.82E-05 1/°C ASTM E 831 
Vicat Softening Temp, Rate B/50 98 °C ISO 306 
Vicat Softening Temp, Rate B/120 100 °C ISO 306 
HDT/Af, 1.8 MPa Flatw 80*10*4 sp=64mm 81 °C ISO 75/Af 
Relative Temp Index, Elec 80 °C UL 746B 
Relative Temp Index, Mech w/impact 80 °C UL 746B 
Relative Temp Index, Mech w/o impact 80 °C UL 746B 
PHYSICAL 
Specific Gravity 1.04 - ASTM D 792 
Mold Shrinkage, flow, 3.2 mm (5) 0.5 - 0.8 % SABIC Method 
Melt Flow Rate, 230°C/3.8 kgf 5.6 g/10 min ASTM D 1238 
Melt Viscosity, 240°C, 1000 sec-1 2250 poise ASTM D 3825 
Density 1.04 g/cmÑ ISO 1183 
Melt Flow Rate, 220°C/10.0 kg 18 g/10 min ISO 1133 
ELECTRICAL 
Arc Resistance, Tungsten {PLC} 6 PLC Code ASTM D 495 
Hot Wire Ignition {PLC) 3 PLC Code UL 746A 
High Voltage Arc Track Rate {PLC} 3 PLC Code UL 746A 
High Ampere Arc Ign, surface {PLC} 0 PLC Code UL 746A 
Comparative Tracking Index (UL) {PLC} 0 PLC Code UL 746A 
FLAME CHARACTERISTICS 
UL Recognized, 94HB Flame Class Rating (3) 1.5 mm UL 94 
 

CYCOLAC™ Resin MG47F 
Europe-Africa-Middle East: COMMERCIAL 
 PROCESSING PARAMETERS TYPICAL VALUE Unit 
Injection Molding 
Drying Temperature 80 - 95 °C 
Drying Time 2 - 4 hrs 
Drying Time (Cumulative) 8 hrs 
Maximum Moisture Content 0.1 % 
Melt Temperature 220 - 260 °C 
Nozzle Temperature 220 - 260 °C 
Front - Zone 3 Temperature 215 - 240 °C 
Middle - Zone 2 Temperature 205 - 225 °C 
Rear - Zone 1 Temperature 190 - 210 °C 
Mold Temperature 50 - 70 °C 
Back Pressure 0.3 - 0.7 MPa 
Screw Speed 30 - 60 rpm 
Shot to Cylinder Size 50 - 70 % 
Vent Depth 0.038 - 0.051 mm  
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C Appendix ABS biocompatible 
 
CYCOLAC™ Resin HMG47MD 
Europe-Africa-Middle East: COMMERCIAL 
General purpose, injection molding ABS for medical applications. Biocompatible (ISO10993). FDA compliant. Gamma & EtO sterilizable. 
TYPICAL PROPERTIES TYPICAL VALUE Unit Standard 
MECHANICAL 
Tensile Stress, yld, Type I, 5 mm/min 44 MPa ASTM D 638 
Tensile Stress, brk, Type I, 5 mm/min 33 MPa ASTM D 638 
Tensile Strain, yld, Type I, 5 mm/min 2 % ASTM D 638 
Tensile Strain, brk, Type I, 5 mm/min 24 % ASTM D 638 
Tensile Modulus, 5 mm/min 2270 MPa ASTM D 638 
Flexural Stress, yld, 1.3 mm/min, 50 mm span 72 MPa ASTM D 790 
Flexural Modulus, 1.3 mm/min, 50 mm span 2340 MPa ASTM D 790 
Tensile Stress, yield, 5 mm/min 50 MPa ISO 527 
Tensile Stress, break, 5 mm/min 35 MPa ISO 527 
Tensile Strain, yield, 5 mm/min 2.6 % ISO 527 
Tensile Strain, break, 5 mm/min 24.8 % ISO 527 
Tensile Modulus, 1 mm/min 2530 MPa ISO 527 
Flexural Stress, yield, 2 mm/min 76 MPa ISO 178 
Flexural Modulus, 2 mm/min 2410 MPa ISO 178 
IMPACT 
Izod Impact, notched, 23°C 320 J/m ASTM D 256 
Izod Impact, notched, -30°C 133 J/m ASTM D 256 
Instrumented Impact Total Energy, 23°C 30 J ASTM D 3763 
Izod Impact, notched 80*10*4 +23°C 23 kJ/mÇ ISO 180/1A 
Izod Impact, notched 80*10*4 -30°C 8 kJ/mÇ ISO 180/1A 
THERMAL 
Vicat Softening Temp, Rate B/50 98 °C ASTM D 1525 
HDT, 0.45 MPa, 3.2 mm, unannealed 94 °C ASTM D 648 
 

CYCOLAC™ Resin HMG47MD 
Europe-Africa-Middle East: COMMERCIAL 
 TYPICAL PROPERTIESÅ TYPICAL VALUE Unit Standard 
THERMAL 
HDT, 1.82 MPa, 3.2mm, unannealed 80 °C ASTM D 648 
CTE, -40°C to 40°C, flow 8.82E-05 1/°C ISO 11359-2 
CTE, -40°C to 40°C, xflow 8.82E-05 1/°C ISO 11359-2 
Vicat Softening Temp, Rate B/50 100 °C ISO 306 
HDT/Af, 1.8 MPa Flatw 80*10*4 sp=64mm 80 °C ISO 75/Af 
PHYSICAL 
Specific Gravity 1.05 - ASTM D 792 
Mold Shrinkage, flow, 3.2 mm (5) 0.5 - 0.8 % SABIC Method 
Melt Flow Rate, 230°C/3.8 kgf 5.6 g/10 min ASTM D 1238 
Density 1.05 g/cmÑ ISO 1183 
Melt Flow Rate, 220°C/10.0 kg 19 g/10 min ISO 1133 
Melt Viscosity, 240°C, 1000 sec-1 245 Pa-s ISO 11443 
 

CYCOLAC™ Resin HMG47MD 
Europe-Africa-Middle East: COMMERCIAL 
 PROCESSING PARAMETERS TYPICAL VALUE Unit 
Injection Molding 
Drying Temperature 80 - 95 °C 
Drying Time 2 - 4 hrs 
Drying Time (Cumulative) 8 hrs 
Maximum Moisture Content 0.1 % 
Melt Temperature 220 - 260 °C 
Nozzle Temperature 220 - 260 °C 
Front - Zone 3 Temperature 215 - 240 °C 
Middle - Zone 2 Temperature 205 - 225 °C 
Rear - Zone 1 Temperature 190 - 210 °C 
Mold Temperature 50 - 70 °C 
Back Pressure 0.3 - 0.7 MPa 
Screw Speed 30 - 60 rpm 
Shot to Cylinder Size 50 - 70 % 
Vent Depth 0.038 - 0.051 mm 
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D Appendix ABS/PC  
 
CYCOLOY™ Resin C1200HF 
Europe-Africa-Middle East: COMMERCIAL 
CYCOLOY C1200HF is the improved version of CYCOLOY C1200 and has been developed to provide enhanced productivity and surface appearance of the 
finished parts 
TYPICAL PROPERTIES TYPICAL VALUE Unit Standard 
MECHANICAL 
Taber Abrasion, CS-17, 1 kg 63 mg/1000cy SABIC Method 
Tensile Stress, yield, 5 mm/min 55 MPa ISO 527 
Tensile Stress, break, 5 mm/min 45 MPa ISO 527 
Tensile Stress, yield, 50 mm/min 55 MPa ISO 527 
Tensile Stress, break, 50 mm/min 45 MPa ISO 527 
Tensile Strain, yield, 5 mm/min 5 % ISO 527 
Tensile Strain, break, 5 mm/min 100 % ISO 527 
Tensile Strain, yield, 50 mm/min 4 % ISO 527 
Tensile Strain, break, 50 mm/min >50 % ISO 527 
Tensile Modulus, 1 mm/min 2400 MPa ISO 527 
Flexural Stress, yield, 2 mm/min 80 MPa ISO 178 
Flexural Modulus, 2 mm/min 2300 MPa ISO 178 
Hardness, H358/30 96 MPa ISO 2039-1 
Hardness, Rockwell R 115 - ISO 2039-2 
IMPACT 
Izod Impact, unnotched 80*10*3 +23°C NB kJ/mÇ ISO 180/1U 
Izod Impact, unnotched 80*10*3 -30°C NB kJ/mÇ ISO 180/1U 
Izod Impact, notched 80*10*3 +23°C 50 kJ/mÇ ISO 180/1A 
Izod Impact, notched 80*10*3 -30°C 30 kJ/mÇ ISO 180/1A 
Izod Impact, unnotched 80*10*4 +23°C NB kJ/mÇ ISO 180/1U 
Izod Impact, unnotched 80*10*4 -30°C NB kJ/mÇ ISO 180/1U 
Izod Impact, notched 80*10*4 +23°C 40 kJ/mÇ ISO 180/1A 
 

CYCOLOY™ Resin C1200HF 
Europe-Africa-Middle East: COMMERCIAL 
 TYPICAL PROPERTIESÅ TYPICAL VALUE Unit Standard 
IMPACT 
Izod Impact, notched 80*10*4 -30°C 20 kJ/mÇ ISO 180/1A 
Charpy 23°C, V-notch Edgew 80*10*3 sp=62mm 50 kJ/mÇ ISO 179/1eA 
Charpy -30°C, V-notch Edgew 80*10*3 sp=62mm 30 kJ/mÇ ISO 179/1eA 
Charpy 23°C, Unnotch Edgew 80*10*3 sp=62mm NB kJ/mÇ ISO 179/1eU 
Charpy -30°C, Unnotch Edgew 80*10*3 sp=62mm NB kJ/mÇ ISO 179/1eU 
Charpy 23°C, V-notch Edgew 80*10*4 sp=62mm 45 kJ/mÇ ISO 179/1eA 
Charpy -30°C, V-notch Edgew 80*10*4 sp=62mm 18 kJ/mÇ ISO 179/1eA 
Charpy 23°C, Unnotch Edgew 80*10*4 sp=62mm NB kJ/mÇ ISO 179/1eU 
Charpy -30°C, Unnotch Edgew 80*10*4 sp=62mm NB kJ/mÇ ISO 179/1eU 
THERMAL 
Thermal Conductivity 0.2 W/m-°C ISO 8302 
CTE, -40°C to 40°C, flow 8.E-05 1/°C ISO 11359-2 
CTE, -40°C to 40°C, xflow 8.E-05 1/°C ISO 11359-2 
Ball Pressure Test, 125°C +/- 2°C PASSES - IEC 60695-10-2 
Vicat Softening Temp, Rate B/50 132 °C ISO 306 
Vicat Softening Temp, Rate B/120 134 °C ISO 306 
HDT/Be, 0.45MPa Edgew 120*10*4 sp=100mm 128 °C ISO 75/Be 
HDT/Ae, 1.8 MPa Edgew 120*10*4 sp=100mm 108 °C ISO 75/Ae 
Relative Temp Index, Elec 105 °C UL 746B 
Relative Temp Index, Mech w/impact 80 °C UL 746B 
Relative Temp Index, Mech w/o impact 105 °C UL 746B 
PHYSICAL 
Mold Shrinkage on Tensile Bar, flow (2) (5) 0.5 - 0.7 % SABIC Method 
Density 1.15 g/cmÑ ISO 1183 
Water Absorption, (23°C/sat) 0.6 % ISO 62 
 

CYCOLOY™ Resin C1200HF 
Europe-Africa-Middle East: COMMERCIAL 
 TYPICAL PROPERTIESÅ TYPICAL VALUE Unit Standard 
PHYSICAL 
Moisture Absorption (23°C / 50% RH) 0.2 % ISO 62 
Melt Volume Rate, MVR at 260°C/2.16 kg 8 cmÑ/10 min ISO 1133 
Melt Volume Rate, MVR at 260°C/5.0 kg 22 cmÑ/10 min ISO 1133 
ELECTRICAL 
Comparative Tracking Index (UL) {PLC} 2 PLC Code UL 746A 
Volume Resistivity >1.E+15 Ohm-cm IEC 60093 
Surface Resistivity, ROA >1.E+15 Ohm IEC 60093 
Dielectric Strength, in oil, 0.8 mm 35 kV/mm IEC 60243-1 
Dielectric Strength, in oil, 1.6 mm 25 kV/mm IEC 60243-1 
Dielectric Strength, in oil, 3.2 mm 17 kV/mm IEC 60243-1 
Relative Permittivity, 1 MHz 2.7 - IEC 60250 
Dissipation Factor, 50/60 Hz 0.002 - IEC 60250 
Dissipation Factor, 1 MHz 0.007 - IEC 60250 
Comparative Tracking Index 250 V IEC 60112 
Relative Permittivity, 50/60 Hz 2.8 - IEC 60250 
FLAME CHARACTERISTICS 
UL Recognized, 94HB Flame Class Rating (3) 1.2 mm UL 94 
UL Recognized, 94HB Flame Class Rating 2nd value (3) 3 mm UL 94 
Glow Wire Flammability Index 650°C, passes at 1 mm IEC 60695-2-12 
Oxygen Index (LOI) 23 % ISO 4589 
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E Appendix ABS/PC biocompatible 
 
CYCOLOY™ Resin HC1204HF 
Europe-Africa-Middle East: COMMERCIAL 
High heat PC/ABS blend offering good flow and excellent impact. For medical devices and pharmaceutical applications. Healthcare management of change, 
biocompatible (ISO10993 or USP Class VI). 
 TYPICAL PROPERTIESÅ TYPICAL VALUE Unit Standard 
MECHANICAL 
Tensile Stress, yld, Type I, 50 mm/min 57 MPa ASTM D 638 
Tensile Stress, brk, Type I, 50 mm/min 47 MPa ASTM D 638 
Tensile Strain, yld, Type I, 50 mm/min 5 % ASTM D 638 
Tensile Strain, brk, Type I, 50 mm/min 100 % ASTM D 638 
Tensile Modulus, 5 mm/min 2270 MPa ASTM D 638 
Flexural Stress, yld, 1.3 mm/min, 50 mm span 88 MPa ASTM D 790 
Flexural Modulus, 1.3 mm/min, 50 mm span 2300 MPa ASTM D 790 
Taber Abrasion, CS-17, 1 kg 63 mg/1000cy SABIC Method 
Tensile Stress, yield, 5 mm/min 55 MPa ISO 527 
Tensile Stress, break, 5 mm/min 45 MPa ISO 527 
Tensile Stress, yield, 50 mm/min 55 MPa ISO 527 
Tensile Stress, break, 50 mm/min 45 MPa ISO 527 
Tensile Strain, yield, 5 mm/min 5 % ISO 527 
Tensile Strain, break, 5 mm/min 100 % ISO 527 
Tensile Strain, yield, 50 mm/min 4 % ISO 527 
Tensile Strain, break, 50 mm/min >50 % ISO 527 
Tensile Modulus, 1 mm/min 2400 MPa ISO 527 
Flexural Stress, yield, 2 mm/min 80 MPa ISO 178 
Flexural Modulus, 2 mm/min 2300 MPa ISO 178 
Hardness, H358/30 96 MPa ISO 2039-1 
Hardness, Rockwell R 115 - ISO 2039-2 
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 TYPICAL PROPERTIESÅ TYPICAL VALUE Unit Standard 
IMPACT 
Izod Impact, notched, 23°C 580 J/m ASTM D 256 
Izod Impact, notched, -30°C 480 J/m ASTM D 256 
Instrumented Impact Total Energy, 23°C 54 J ASTM D 3763 
Izod Impact, unnotched 80*10*4 +23°C NB kJ/mÇ ISO 180/1U 
Izod Impact, unnotched 80*10*4 -30°C NB kJ/mÇ ISO 180/1U 
Izod Impact, notched 80*10*4 +23°C 40 kJ/mÇ ISO 180/1A 
Izod Impact, notched 80*10*4 -30°C 20 kJ/mÇ ISO 180/1A 
Charpy 23°C, V-notch Edgew 80*10*4 sp=62mm 45 kJ/mÇ ISO 179/1eA 
Charpy -30°C, V-notch Edgew 80*10*4 sp=62mm 18 kJ/mÇ ISO 179/1eA 
Charpy 23°C, Unnotch Edgew 80*10*4 sp=62mm NB kJ/mÇ ISO 179/1eU 
Charpy -30°C, Unnotch Edgew 80*10*4 sp=62mm NB kJ/mÇ ISO 179/1eU 
THERMAL 
Vicat Softening Temp, Rate B/50 130 °C ASTM D 1525 
HDT, 1.82 MPa, 3.2mm, unannealed 112 °C ASTM D 648 
CTE, -40°C to 40°C, flow 7.2E-05 1/°C ASTM E 831 
CTE, -40°C to 40°C, xflow 7.2E-05 1/°C ASTM E 831 
Thermal Conductivity 0.2 W/m-°C ISO 8302 
CTE, 23°C to 60°C, flow 8.E-05 1/°C ISO 11359-2 
CTE, 23°C to 60°C, xflow 8.E-05 1/°C ISO 11359-2 
Ball Pressure Test, 125°C +/- 2°C PASSES - IEC 60695-10-2 
Vicat Softening Temp, Rate B/50 126 °C ISO 306 
Vicat Softening Temp, Rate B/120 128 °C ISO 306 
HDT/Be, 0.45MPa Edgew 120*10*4 sp=100mm 122 °C ISO 75/Be 
HDT/Ae, 1.8 MPa Edgew 120*10*4 sp=100mm 102 °C ISO 75/Ae 
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 TYPICAL PROPERTIESÅ TYPICAL VALUE Unit Standard 
THERMAL 
Relative Temp Index, Elec 105 °C UL 746B 
Relative Temp Index, Mech w/impact 80 °C UL 746B 
Relative Temp Index, Mech w/o impact 105 °C UL 746B 
PHYSICAL 
Specific Gravity 1.15 - ASTM D 792 
Mold Shrinkage on Tensile Bar, flow (2) (5) 0.5 - 0.7 % SABIC Method 
Mold Shrinkage, flow, 3.2 mm (5) 0.5 - 0.7 % SABIC Method 
Melt Flow Rate, 260°C/5.0 kgf 24 g/10 min ASTM D 1238 
Density 1.15 g/cmÑ ISO 1183 
Water Absorption, (23°C/sat) 0.6 % ISO 62 
Moisture Absorption (23°C / 50% RH) 0.2 % ISO 62 
Melt Volume Rate, MVR at 260°C/2.16 kg 8 cmÑ/10 min ISO 1133 
Melt Volume Rate, MVR at 260°C/5.0 kg 22 cmÑ/10 min ISO 1133 
ELECTRICAL 
Volume Resistivity >1.E+15 Ohm-cm IEC 60093 
Surface Resistivity, ROA >1.E+15 Ohm IEC 60093 
Dielectric Strength, in oil, 0.8 mm 35 kV/mm IEC 60243-1 
Dielectric Strength, in oil, 1.6 mm 25 kV/mm IEC 60243-1 
Dielectric Strength, in oil, 3.2 mm 17 kV/mm IEC 60243-1 
Relative Permittivity, 1 MHz 2.7 - IEC 60250 
Dissipation Factor, 50/60 Hz 0.002 - IEC 60250 
Dissipation Factor, 1 MHz 0.007 - IEC 60250 
Comparative Tracking Index 250 V IEC 60112 
Relative Permittivity, 50/60 Hz 2.8 - IEC 60250 
FLAME CHARACTERISTICS 
UL Recognized, 94HB Flame Class Rating (3) 1.2 mm UL 94 
UL Recognized, 94HB Flame Class Rating 2nd value (3) 3 mm UL 94 
Glow Wire Flammability Index 650°C, passes at 1 mm IEC 60695-2-12 
Oxygen Index (LOI) 23 % ISO 4589 
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 PROCESSING PARAMETERS TYPICAL VALUE Unit 
Injection Molding 
Drying Temperature 100 - 110 °C 
Drying Time 2 - 4 hrs 
Maximum Moisture Content 0.02 % 
Melt Temperature 260 - 290 °C 
Nozzle Temperature 240 - 280 °C 
Front - Zone 3 Temperature 250 - 290 °C 
Middle - Zone 2 Temperature 250 - 290 °C 
Rear - Zone 1 Temperature 230 - 260 °C 
Hopper Temperature 60 - 80 °C 
Mold Temperature 60 - 90 °C 
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