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Abstract 

In August 2007 the author was asked by Attana AB to construct its QCM sensor chip for 

injection molding as part of his Master Thesis in Industrial Design Engineering. The thesis 

work concerned the plastic housing of the sensor chip which consists of two plastic parts. In 

addition, a new construction solution that simplified assembly was to be proposed, a 

designated area for identification tagging was to be integrated into the design, and the 

aesthetic aspect of the design was to be finalized.  

The process implied working cross-disciplinary as an engineer, designer and a project 

manager in close collaboration with other development engineers, manufacturing engineers, 

material specialists and biochemists. The work iteratively progressed through the four phases: 

research, analysis, synthesis and evaluation. 

The work resulted in simplified assembly construction and the integration of a designated 

feature for identification-tagging. The design and construction were also verified, to a certain 

extent, respective of generic guidelines for injection molding and from specialists who 

reviewed the construction. 

A construction solution was proposed with an integrated snap fit design to allow simplified 

assembly. A selection of materials was also presented. Further investigation has to be done on 

behalf of the mold tool manufacturer in order to finalize the construction and with respect to 

tolerances. 
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Sammanfattning 

I augusti 2007 tillfrågades författaren av Attana AB om han kunde konstruera dennes QCM-

sensorchip för formsprutning som en del av hans examensarbete inom industriell design. 

Examensarbetet innefattade de två plastdelarna som utgör hölget av sensorchipet. 

Ytterliggare skulle en ny konstruktionslösning som underlättar montering av sensorchipet 

föreslås, en given plats för identifikationsmärkning av sensorchipet skulle implementeras och 

den estetiska aspekten av designen skulle slutföras inom ramarna av arbetet.  

Arbetsprocessen innebar ett tvärdisciplinärt uppdrag som ingenjör, designer och projektledare 

i nära samarbete med andra utvecklings- och tillverkningsingenjörer, materialspecialister och 

biokemister. Arbetet fortskred iterativt genom fyra faser, nämligen: förstudie, analys, syntes 

och utvärdering. 

Arbetet resulterade i en förenklad monteringskonstruktion och en integrerad plats för 

identifikationsmärkning av chipet. Designen och konstruktionen var också till en viss gräns 

verifierade med hänsyn till generiska riktlinjer för formsprutning och av specialister som 

undersökte konstruktionslösningen. 

En konstruktionslösning där ett snäppfäste integrerades för att underlätta montering av 

delarna presenterades av författaren. Dessutom presenterades ett urval av lämpliga material. I 

framtida arbete måste formsprutningsverktygsmakaren slutföra nödvändiga beräkningar för 

att tillåta eftersökta toleranser i det formsprutade sensorchipet.  
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1  Introduction 

1.1 Background 

Making use of a 40 year old technology found in the Quartz Crystal Microbalance (QCM), 

Attana AB researches how measuring reactions between molecules can be sensitive and 

accurate enough without the involvement of cutting-edge and expensive technology. 

Furthermore, the company has over the course of five years, already developed three 

generations of commercial biosensors. The company’s rapid iteration of research and 

development has resulted in their latest biosensor system, the A100 C-Fast (Figure 1). 

Making use of many standard parts in its manufacturing Attana, the commissioner of this 

thesis work, has managed to keep production costs low, or at least to a certain extent. 

 

Figure 1 The Attana A100 C-Fast biosensor system 

with an inserted sensor chip (center of image). 

One of the difficulties of harnessing a small and growing company is to pick the right time to 

invest in more rapid manufacturing processes, such as injection molding for custom plastic 

parts or automated sheet metal bending for custom chassis parts. This decision relies mostly 

on the forecast of the demand from the market and naturally affects those parts of the product 

that are consumed more than others. Henceforth, Attana has regarded the sensor chip, an 

inevitable and consumable part of its biosensor, as being the first in the line of parts to be 

prepared for injection molding. Once they have transcended from the current processing 

technique of CNC-machining to injection molding, Attana expects to be prepared for an 

increased sales volume and thus decreased per-unit manufacturing costs. 
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In August 2007 the author was therefore asked by Attana AB, with which he had worked 

alongside his undergraduate program at the Royal Institute of Technology (KTH) since two 

years, to redesign its QCM sensor chip for injection molding. The author’s undergraduate 

program, being Design and Product Development with a Master in Industrial Design 

Engineering, suited the work that was offered as it involved construction and design of a 

physical product on an engineering level. 

1.2 Problem statement 

The design of the plastic housing of the sensor chip should be investigated with regards to the 

process of injection molding. The housing should if needed be redesigned according to 

injection molding guidelines and a selection of suitable materials for the manufacturing 

process should be compiled. Additionally, a new construction solution that simplifies 

assembly of the sensor chip should be proposed, a designated area for identification tagging 

of the plastic housing should be integrated into the design, and the aesthetic aspect of the 

design should be finalized. 

1.3 Thesis objective 

The objective of the thesis work was to redesign a product from an industrial design 

engineering perspective. This implied working cross-disciplinary as an engineer, designer and 

a project manager in close collaboration with other development engineers, manufacturing 

engineers, material specialists and biochemists.          

1.3.1 Deliverables 

Together with Attana AB the author was to produce drafts and CAD-drawings of the lid and 

base part of the plastic housing of the sensor chip that are to be delivered to the mold tool 

manufacturer. A prototype was also to be produced during the course of the work. It was 

planned in an early stage of the work that the molded sensor chip was to be in production by 

September 2008. 

1.4 Delimitations 

The instrument, in which the sensor chip is inserted, is built up of a fluidics system, an 

electronics board with a microprocessor and an oscillator, and other technology not to be 

discussed in deep. The instrument dock is constructed to hold the chip, to define the sensor 

chip’s outer dimensions and to align the chip with the inlet and outlet ports of the fluidics 
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system. Within the boundaries of this project, no alterations were made to the instrument or 

the instrument dock. Neither were the inner components of the sensor chip (x-ring, crystal 

and electrodes) subjected to change. 

1.5 Method 

The ambition with the devised method was to seamlessly integrate the concurrent processes 

of construction, design and material selection in a workgroup environment. An attempt was 

made to accomplish this by iteratively looping through four phases, namely: research, 

analysis, synthesis and evaluation (Figure 2). Through the evaluation phase, the necessity of 

more research, analysis or synthesis could be determined. Moreover, this phase allowed for 

the burying of inadequate concepts or the further development of satisfactory solutions. It 

became evident that the various phases flowed into each other during the course of the work. 

 

Figure 2 A schematic view of the devised method. 

In the research phase literature, online resources and digital documents from manufacturers 

were used to find relevant information on injection molding guidelines, part joining methods 

and materials. Materials were further investigated using databases accessed through CES 

Edupack1 at Machine Design, KTH. The occurrence of other QCM sensor chips on the 

                                                 
1
 © Granta Design Limited 2008 
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market was to a limited extent identified. Solely two other sensor chips were subjected to a 

brief design study.  

At certain points throughout the project, material specialist Materialdepån AB, and three 

manufacturers; MicroPlast AB, PDS Vinninga AB and Cyprus Industries Inc. (US/China) 

were involved in the workgroup. They provided feedback on solutions presented by the 

author in the form of virtual models and drafts. 

During the course of the project the progress was reported 2-3 times a month in an organized 

and scheduled Instrument Group-meeting at Attana. New concepts with regards to 

construction and design were synthesized with the help of rapid sketches and brainstorming 

by the author himself or in small groups, consisting of at most three people. More extreme 

concepts were kept within the boundaries of spontaneous hallway discussions in order to 

“plant seeds” whereas realistic solutions were presented to the Instrument Group. In these 

meetings software programmers, development engineers and application specialists alike had 

their say, and the amount of concepts were through these meetings confined. In May 2008, a 

final meeting was held where the physical model of a final solution was discussed with 

persons involved in the prototyping and with the Instrument Group respectively. 

Attana’s sensor chip has a history behind it that includes three previous versions (one of 

which is shown in Appendix VIII). It was therefore necessary to involve the existing 

knowledgebase of parties that had worked with these. As Michael Ashby et al. explain in 

their article Selection Strategies for Materials and Processes (Ashby, Bréchet, & Cebon, 

2002), “inductive reasoning has its foundations in previous experience”. Thus it was 

important to synthesize new concepts by at least comparing them to similar functions found 

in previous versions to avoid the same mistakes to be repeated. 

The material selection process was based more heavily on research through conversations 

with material specialists and manufacturers. Although, the influence of colleagues that had 

prior experience of suitable materials were involved in this process. 

In order to discuss the interesting concepts in more detail, it was necessary to both visualize 

the sensor chip through Computer Aided Design2 (CAD) and later produce a full scale rapid 

prototype, or physical model. Virtual models helped the evaluation of the construction 

whereas the physical model provided an insight in the details that had to be improved. Due to 

                                                 
2
 SolidWorks 2008 Copyright 2005-2007 Dassault Systèmes 
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the impossibility of maintaining the necessary tolerances in the physical model, it was 

through iterations of CAD-models and intermittent discussions with the manufacturers the 

design and construction was, within the boundaries of the thesis, finalized. 
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2  Analysis 

2.1 The QCM sensor chip 

The QCM sensor chip contains the vital components of Attana’s biosensor. The quartz 

crystal, located inside the sensor chip, can be regarded as a very sensitive scale. It provides a 

surface on which various types and combinations of molecules can be weighed kinetically. 

Consequently, as the quartz crystal is intricate and needs to be changed frequently as different 

molecules require differently prepared crystals, the concept of Attana’s biosensor system 

evolved into one where the instrument was modularized into a main instrument and a 

consumable sensor chip that is easily exchangeable. 

2.1.1 General construction and design 

The sensor chip is composed of plastic housing, two electrodes, a quartz crystal and an x-ring 

sealer (Figure 3, drafts of the current sensor chip are provided in Appendix I). When 

assembled, these components are designed to seal a cavity between the crystal and the lid 

confined by the inner radius of the x-ring. This crystal cavity allows continuous flow of a 

liquid to pass through the inlet port of the lid, into the crystal cavity and back into the 

instrument through the lid’s outlet port. 

 

Figure 3 The sensor chip as of April 3, 2008 (CAD-model). 

2.1.2 QCM and the components of the sensor chip 

“The quartz crystal microbalance is a deceptively simple little device with which one can 

measure very small masses” (Rodahl, 1995). Moreover, unlike a standard microbalance, the 

QCM is used to kinetically analyze mass change on a molecular weight scale. 

Reverse piezoelectricity is the effect obtained when separating an AC voltage across a crystal 

lattice. The voltage induces reverberated mechanical strain in the disk that results in the 

Lid part 

X-ring 

Crystal 

Electrodes 

Base part 
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crystal surfaces skewing at a specific frequency; the resonance frequency. As molecules 

attach to the surface of the crystal, the mass of it increases, with a decrease in frequency as an 

outcome. Given that layers of molecules can be attached, information regarding various 

molecules’ tendencies to attract each other can be gathered.  In Attana’s configuration, the 

resonance frequency is ca 16MHz and the resolution of mass change is ca 1,4ng (Weissbach, 

2008). 

Quartz crystals can be bought as standard designs or be customized. “What is common in all 

modern quartz crystals is that they have a deposited pair of electrodes on the major faces of 

the crystal, either by evaporation or sputtering” (Rodahl, 1995). Unless the crystal has two 

separated electrodes the piezoelectric effect will be short-circuited. Attana’s quartz crystal is 

custom processed into a square plate, 10x10mm, with a thickness of 170µm (Figure 4). 

 

Figure 4 The square-cut quartz crystal with sputtered elecrtodes. 

In the sensor chip assembly, the electrode pair sputtered on the crystal lie on top of another 

pair of electrodes that act as extensions (Figure 5). This pair of electrodes is manufactured by 

cutting a customized geometry from a 200µm thick brass plate. The electrodes are significant 

for defining the height of the crystal chamber since their thickness is very precise; a tolerance 

of ±5µm applies to their thickness according to the manufacturer. 

 

Figure 5 Electrode in the sensor chip. 

The x-ring sealer, a standard part fitted in a designated track in the lid part of the plastic 

housing, also has a direct influence on the crystal and the crystal cavity (Figure 6). As the x-

Sputtered electrodes 
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ring is compressed between the lid and the crystal, it exerts a force on the crystal. This force 

has to be strong enough to seal the circumference of the cavity yet loose enough not to 

dampen the resonating crystal. Hence, the depth of the x-ring track is, through experimental 

procedures, adjusted to create the optimal compression. 

 

Figure 6 X-ring sealer made of Nitrile rubber (NBR). 

There are six holes in the base part and they are all dimensioned for standard bushings, 

screws and metal pins (Figure 7). Four of these are symmetrically placed around the crystal 

cavity and designated for screws and bushings which are used to fasten the base part with the 

help of corresponding holes in the lid part. The two remaining holes allow metal pins, ejected 

from the instrument upon docking the sensor chip, to align the inlet and outlet ports with the 

connecting tubes in the instrument as precise as possible. 

 

Figure 7 Holes on the base part of the sensor chip. 

On the underside of the base part material has been worked off for two reasons (Figure 8). 

Firstly, it helps the alignment of the sensor chip. Secondly, it allows for a temperature probe 

to be placed close to the underside of the cavity. 

Holes for screws and 

bushings (inserted 

from the backside). 

Holes for metal pins. 
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Figure 8 The underside of the base part of the sensor chip. 

The crystal cavity defines the maximum volume of liquid to rest on the crystal. The 

sensitivity of the biosensor relies heavily on the tolerances of the dimensions of the cavity 

(Figure 9). Hence the cavity height, as defined by the tolerance of the lid, the base part, the 

quartz crystal and the electrodes, has a direct influence on the accuracy of the sensor chip. 

For this reason the plastic parts have been given a tolerance of ±10µm in thickness. 

   

Figure 9 A cross-section view of the flow cell in the sensor chip (CAD-model). 

2.1.3 Assembly 

Prior to assembling the chip, dust particles on the lid and base parts of the plastic housing are 

blown off manually with the help of a high-pressure air piston. The parts are then sterilized 

with 95% ethanol. 

The assembly of the QCM biosensor chip is performed manually with the help of a fixture to 

hold the base part in place. Before the base part is placed in the fixture, four bushings are 

pushed into the holes provided for them in the underside of the base part. The base part is 

then placed in the fixture with the crystal area facing upward. Thirdly, tweezers are used to 

place the electrodes in the slots provided for them after which the quartz crystal is placed on 

top of the electrodes so that the crystal’s sputtered electrodes contact them correctly. After 

this, the x-ring is gently pushed into its designated track in the lid. When all components 

X-ring 

Crystal 
Electrode 

Crystal cavity 
(the black thick line) 
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except the lid with its x-ring are in place, the lid is flipped, with the x-ring facing down, and 

gently pressed down on the base part. Four threaded screws are then manually tightened with 

a fine mechanic screwdriver until they have reached their designated length in the bushings. 

The mating surfaces of the lid and base part are now supposed to be completely tight and the 

x-ring should be optimally compressed. At this stage the assembled chip is taken out of the 

fixture and is tested. 

Once the chip is assembled and has been optically analyzed, it is manually inserted to the 

dock of the instrument. The chip is held so that the crystal is directed upward and forward. 

Upon full insertion, the electrodes on the front end of the chip are squeezed between the 

corresponding connector in the instrument dock. A mechanical lever on the front of the 

instrument is then manually turned 90° clockwise which ejects metal pins that align the chip 

and connect the inlet and outlet ports of the lid with the corresponding tubes of the 

instrument’s fluidics system (Figure 10). At this aligned and locked position, the crystal is 

now subjected to a temperature controlled environment and ready to be used. 

 

Figure 10 A legacy version of Attana's sensor chip in contact with the 

 inlet and outlet port of the docking mechanism. 

2.1.4 Usage 

Fluids injected into the instrument can flow through the crystal cavity of the sensor chip at a 

rate within the region 20-100µl/min. Although this flow rate implies that no extreme 

pressures are exerted on the chip’s cavity, leakage has been a problem in earlier chips and 

could occur if assembly of the chip has been done incorrectly, i.e. if the lid is not evenly 

mated on the base part. Discussions held with users also enlightened the possibility of 

Gasket inside 

the instrument 

dock 

Inlet and outlet 

ports of the 

sensor chip 
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leakage occurring from the interface between the gasket of the instrument’s docking 

mechanism and the lid’s inlet and outlet ports. To correct this, the docking gasket was 

improved (outside the boundaries of the project). 

The plastic housing of the sensor chip is stored at normal room conditions with a temperature 

of 18-23°C and is not exposed to direct sunlight. When used, the chip is subjected to a 

variation of temperatures between 4-40°C and in no contact with any source of light. 

2.1.5 Materials in the plastic housing 

The material used in the base part of the plastic housing needs to be resistive to organic 

solvents and be fairly scratch resistant. Attana is using an extruded white POM. POM is 

commonly used in mechanically demanding engineering parts as a substitute to metals, most 

predominantly in constructions where part weight needs to be minimized. POM’s suitability 

for injection molding depends largely on its grade. There are several grades of POM resins 

offered from material manufacturers that are specifically adapted for injection molding. 

For the lid part the material has to display transparent or, preferably, optical properties, to be 

scratch resistant and also be resistant to 95% ethanol. For its application, Attana uses an 

extruded and transparent rigid PVC-C. Extruded PVC is widely used for machined parts in a 

variety of rigid and flexible medical and biotechnical components and can also be injection 

molded depending on the amount of various additives in the material. 

2.2 Injection molding 

Injection molding is a manufacturing process that relies on the material’s ability to be melted 

and solidified in the case of thermoplastics or, in the case of thermosets, to be irreversibly 

cured from a liquid state. It is the process of melting a plastic resin, mixing the melt, injecting 

the melt into the mold, filling up the mold cavity under pressure and lastly cooling the melt 

(or curing the liquid), which results in a solid part shaped after the mold. 

The initial cost of making a mold is high but with large batches, unit costs recede below those 

of machined parts. With increased part complexity the initial cost is raised even more as the 

mold needs to be constructed with advanced features. It is therefore important to avoid 

designs that include undercuts and other features that complicate mold making.  Henceforth, 

a simple part is one that requires a simple mold. This hypothesis should in itself sublimate the 

design. 
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As an industrial design engineer constructing a part for injection molding, there are a number 

of common guidelines, which regardless of material specification, are important to take into 

account.  With regards to this thesis work, DuPont’s online article, Top Ten Design Tip: A 

Series of Ten Articles (Hasenauer, Küper, & Laumeyer, 2008), has been useful for the 

construction and design process (Appendix II). 

2.2.1 Draft angle 

A draft angle (or taper) is an angled outer wall of the part which allows the part to be released 

from the mold more easily. The size of the draft angle is based on the part’s depth, wall 

thickness and surface finish. Generally it can be said that draft angles down to half a degree 

are reasonable but “typical draft angles should be about 1-2° for part surfaces not exceeding 

13cm” (Hasenauer, Küper, & Laumeyer, 2008). But if the part is thin, below 10mm, the wall 

“does not necessarily have to be tapered” (Helldin, Technical Manager, 2008). 

2.2.2 Wall thickness, corner radii and ribs 

Although thermoplastics are able to be melted and cooled, they are poor conductors of heat 

which results in thick sections cooling more slowly. This deficit can cause thick walls to cave 

in and form sink marks and internal voids. In addition, “a plastic part with thickness 

variations will shrink variably across its volume and thus cause the part to be warped and 

distorted, and this will cause the tolerances to become impossible to maintain” (Clive Maier, 

Econology Ltd., 2007). This is best avoided by designing the part to include gradual 

transformations from thick to thin using angles, radii and ramp-like profiles (Figure 11). 

 

Figure 11 Gradual transitions between thick and thin sections. 

 (Clive Maier, Econology Ltd., 2007) 
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Another negative aspect of using thick sections in molded parts is the ineffective use of 

material. Coring out thick parts, keeping walls at a nominal thickness and replacing the space 

with ribs to strengthen the design not only saves materials and allows for better tolerances, 

but it also relieves the material from internal stress which can cause cracks. 

If it is considered appropriate to hollow out the solid part, so that uniform wall-thickness is 

achieved, the rigidity of the part has to be compensated for by including ribs that act as 

reinforcement for the construction. Along with designing ribs it is also important to control 

the inner and outer radii of corners so that these do not result in varying wall thickness 

(Figure 12).  

 

Figure 12 Corner design. (Clive Maier, Econology Ltd., 2007) 

2.2.3 Post-processing 

In order to benefit from using plastic economically, “post-processing should be avoided by 

designing the part to be ready for assembly directly after being ejected from the mold” 

(Hasenauer, Küper, & Laumeyer, 2008). On the other hand, if quantities in a batch are 

“sufficiently low, some features are to be post-machined to minimize tooling costs” (Plunkett 

Associates, 2009). 

2.3 Thermoplastics 

As the process of construction and design is evolving, it is unavoidable to touch upon the 

characteristics of materials as they may influence the design. The design engineer has a vast 

database of thermoplastics from which a selection of materials, appropriate for the 

application, can be compiled. Most thermoplastics are moldable to a certain degree and 

depending on material grade and additives some are more moldable than others. Hence, the 
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manufacturing engineer also plays an important role in the identification of the material that 

suits the manufacturing process and the given tolerances. 

2.3.1 Classification of thermoplastics 

A classification of thermoplastics, i.e. polymers that can be melted and cooled as necessary 

for injection molding, span from inexpensive and common ones to those for more demanding 

engineering applications. POM, PE, ABS, PP and PVC are examples of low grade 

thermoplastics that are used in objects found everywhere in our surroundings, e.g. USB-

sticks, toys and packaging. Polycarbonates, PC, are a group of polymers that can be 

considered to be somewhere in the middle of this span and are found widespread in the 

chemical industry in laboratory equipment and in laptop computers. PEEK is considered the 

high(est)-end polymer and is widely used in medical and biotechnical appliances where there 

is a need for hard and sterile materials. PEEK is by far the most expensive polymer resin, 

exceeding 500 Swedish Kronor per kilogram. 

When discussing thermoplastics it is inevitable to provide a distinction between amorphous 

and semi-crystalline thermoplastics as they display different properties useful in various 

combinations. Amorphous thermoplastics are those that are found in applications such as 

modern camera lenses and other situations where there is a need for a lightweight and scratch 

resistant optical component. Their transparency is due to the sprouting side chains of the 

molecules that prevent them from crystallizing when cooled. The downside of their 

intermolecular branches is that when amorphous thermoplastics are stretched out, they lose 

their toughness as compared to more semi-crystalline alternatives.     

Semi-crystalline plastics, such as POM, are analogous to composites since they are composed 

of amorphous and crystalline regions that run parallel in the material. The ordered, or 

crystallized, regions give the material its strength and stiffness while the amorphous regions 

give it toughness and higher tensile strength. These are often opaque in color. 

Although it generally can be said that more semi-crystalline thermoplastics are opaque, and 

amorphous thermoplastics are transparent, there are a number of plastics that fall in between. 

To consider a thermoplastic transparent, it has to permit the passage of light so that the 

percentage of haze is less than 30% (Whelan, 1994). The more crystal structures are present 

in the plastic, the less transparent it is. Though, it is possible to make semi-crystalline 

materials more transparent by for example minimizing its crystal structure by using additives. 
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A common example of an application where semi-crystalline plastic has been made 

transparent by using additives is in PET-bottles. 

2.4 Part joining methods 

Part joining methods are synonym to assembly operations and they can be organized 

accordingly into: adhesives, welds and mechanical connections. Mechanical connections can 

in their turn be categorized into those that are considered permanent and those that can be 

disassembled, whereas adhesives and welds are considered permanent. 

The main reason for choosing a certain assembly feature, or process, is to lower 

manufacturing costs or to improve product performance. Sometimes this can imply 

contradicting decisions as an assembly method might involve more parts, e.g. using screws or 

rivets to lower development costs whereas a more integrated method, e.g. snap fits or welding 

can decrease the assembly time and minimize product weight, but be more costly due to the 

difficulty of designing them optimally. 

2.4.1 Ultrasonic welding and hot air staking 

Ultrasonic welding and hot air staking are both examples of an assembly procedure where the 

material of one part is melted. In hot air staking a stake from one of the parts in an assembly 

protrudes through the other part. The stake is then heated, most commonly using hot air, and 

is then cooled under pressure with a forming tool. This creates a rivet-like head which retains 

the mating parts (Figure 13). 

 

Figure 13 Hot air staking. (Clive Maier, Econology Ltd., 2007) 

Ultrasonic welding works differently as the melted material can be hidden between the 

mating parts (Figure 14, Appendix V). By designing an energy director, a triangular prism 

that extends along the joint, the ultrasonic frequencies of the welding instrument’s vibrating 

horn will be concentrated along a specific welding line. This melts only the material in that 
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region. As a result excessive material forms a bead between the parts. This can be avoided 

through designing pockets in the parts that collect the overflowing material. 

 

Figure 14 Ultrasonic welding with a hidden weld between the parts. (Plastforum, 2005) 

The positive side of using ultrasonic welding is the possibility to keep designs clean and free 

from exposed assembly features. Hot air staking on the other hand requires rivet like heads to 

be exposed which affect the design by for example creating pockets that can gather dirt 

particles. Both methods allow the assembling of two different types of materials. The 

negative issue with both methods is that they require a fixture and instruments for the 

assembly to be performed which in turn increases the cycle time. The effects of ultrasonic 

welding or hot air staking on quartz crystals is an area where no information has been found. 

2.4.2 Adhesives and solvent bonding 

Solvent bonding is a method where the surface of the material to be assembled is softened to 

allow intermolecular binding with the mating material. This method is more seldom used 

today as there are regulations prohibiting the use of solvents in working environments due to 

the toxic vapors that evaporate from the reaction. 

Adhesives are more commonly used than solvent bonding as they are less obtrusive to the 

working environment. Adhesives come in various chemical compositions that can take up 

shear stress when used between two parts which in turn makes them reliable as permanent 

joints.  

Adhesives are convenient in many circumstances as they allow different materials to be 

joined, whether it is metal and plastic or plastic and glass. The downside of using adhesives is 

the increase in cycle time as the adhesive needs to be cured before the joint can be regarded 

as sealed. 
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2.4.3 Press fits and snap fits 

Press fits are an example of where a shaft of one part is forced into a hole in the mating part, 

which is narrower than the width of the shaft. This method is greatly used in the mating of 

plastic parts on metal shafts. 

 

Figure 15 Illustration of a press fit. (Ticona GmbH, Kelsterbach, 1996) 

In a snap fit an elastic component, the latch or barbed leg, is deformed when pressed into 

more or less rigid hub or catch. One part of the snap fit assembly is more or less rigid while 

the other is flexible or resilient. Depending on the purpose of the assembly, the retaining 

angle of the snap fit can be chosen to create a permanent or releasable assembly. There are 

three major types of snap fits: cantilever, cylindrical and spherical. 

 

Figure 16 An application of a cylindrical snap-fit (left) 

and an illustration of a barbed led snap fit (right). (Ticona GmbH, Kelsterbach, 2007) 

These types of snap fits have a lot in common when it comes to assembling them. In each 

example, applying a force, F, to bring the parts together assembles the joint. When the catch 

and latch meet, they interfere due to the difference in diameter, h, between the parts (Clive 

Maier, Econology Ltd., 2007). Although, when the force is high enough, one or, most 

commonly, both parts deflect elastically. Once the contacting features of the parts have 

passed the interference point the parts have come together. 
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Figure 17 An L-shaped cantilever snap fit. (Clive Maier, Econology Ltd., 2007) 

For the cantilever snap fit, the deflection involves bending of the catch. By contrast, the 

cylindrical type requires an elastic radial expansion. In comparison of the mechanical 

properties, the cylinder snap fit is a much stiffer structure than the cantilever, so the 

interference dimension is usually designed to be smaller in these types. An alternative to this 

is to integrate slots in the cylindrical parts to allow for easier joining which literally results in 

a set of cantilever snap fits arranged in a circle. 

Snap fits are arguably efficient, economical and environmentally unobtrusive in comparison 

to using adhesives or a welding solution where gases are released from each process. Another 

benefit of the snap fit is that it can be designed as an integral part of the molded part without 

a large increase in cycle time. 

When constructing assembly features, there are a number of dedicated resources that provide 

specially derived formulas for calculating dimensions with regards to assembly forces. 

Among these resources are Ticona’s Design calculations for snap fit joints in plastic parts 

(Ticona GmbH, Kelsterbach, 2007), Clive Maier’s Design Guides for Plastics (Clive Maier, 

Econology Ltd., 2007) and an article series by the Swedish magazine Plast Forum, 

Fogningsmetoder (Plastforum, 2005) (Appendix V). 

2.5 Requirement specification for Attana’s QCM sensor chip 

The requirement specification was a living document in which the requirements on the new 

design, construction and material selection were collected. It formed the kernel of the 

problem statement. 

The new construction and design shall: 

 have the same outer dimensions and interface as the current sensor chip (April 3, 

2008) 
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 simplify manual assembly of the chip. 

 be moldable through injection molding. 

 provide a convenient space for placing an identification tag. 

The construction and design ought to: 

 be permanently sealed once assembled. 

 minimize mold and processing costs. 

 be aesthetically finalized. 

The material selection shall include materials that: 

 can be cleaned with 95% ethanol. 

 can be used between 4-40°C without remarkable thermal expansion. 

 are moldable through injection molding. 

The material selection ought to include a material that: 

 (for the lid) is optical. 

 (for the lid) is very scratch resistant 
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3  Synthesis 

3.1 Possible assembly concepts 

The possibility of transcending from the current screw-bushing assembly to another common 

concept, using for example snap fits or adhesives, was posed against moving towards more 

innovative and perhaps less common alternatives. The applicability of the possible concepts 

was investigated from both structural and physical perspectives. From a construction 

perspective, the following requirements were set:  the assembly had to allow a permanently 

sealed crystal cavity, the assembly design had to be moldable, the cycle time of the assembly 

procedure was to be shortened and the assembly was to be performed manually or semi-

automatically. From a physical, or perhaps chemical, perspective, it was discussed whether 

the assembly concepts had negative physical influence on the crystal, especially when using 

adhesives, ultrasonic welding or hot air staking. 

In this phase it was necessary to keep several concepts alive in order to not limit the amount 

of innovative ideas that were generated. Yet, it was necessary to abide to the restriction of 

maintaining the outer dimensions of the assembled sensor chip. 

3.2 Concept generation 

With the help of demonstrative sketches and virtual models of various assembly procedures 

and of the cross-section of the crystal cavity, acceptable concepts were beginning to take 

form and less satisfying ideas were eliminated (Appendix III). As concepts were discussed 

with involved parties it became evident that the lid element could only be assembled using a 

linear vertical motion since sliding or rotational assembly motions would physically damage 

the crystal (Figure 18).  
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Figure 18 Sketches of four different assembly movements. 

Some of the earliest assembly concepts were successively eliminated, mostly due to the 

inherent sensitivity of the quartz crystal and the affect of elongated cycle times. The idea of 

using adhesives was eliminated as the chemicals would have to be handled with such care 

that the assembly time would be equivalent with that of using screws and bushings. Press fits 

were considered to make the narrow tolerances of the assembly difficult to maintain. The 

press fit relies partly on the thermal expansion of the materials and thus considering that the 

lid and base part have different materials, they would be affected differently across the 

temperature range (4-40°C). This in turn can cause inner stress in the hub of the press fit 

which creates small, and eventually protruding, cracks that worsen as the plastic ages and is 

exposed to temperature variations. The remaining feasible concepts were those that used 

welding and those that used snap fits. 

The concept of using ultrasonic welding provided benefits such as a hidden assembly feature 

and the elimination of a third material, as in the case of using an adhesive. A virtual CAD-

model was created where the base part included an energy director, the material synonym to 

the weld line (Figure 19). The drawings of this design were communicated with the injection 

molding specialist Göran Helldin at MicroPlast who pronounced the concept as “feasible” 

although it would require “a welding instrument that costs around 150,000 SKr” (Helldin, 

Technical Manager, 2008). Additionally, the cycle time for assembly would in this case be 

elongated unless a welding fixture would be created where several sensor chips could be 

welded simultaneously. 
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Figure 19 A CAD-model of the concept using an energy director  

required for ultrasonic welding. 

Two snap fit concepts were constructed using CAD. The first concept made use of a 

cylindrical snap fit that surrounded the crystal area (Figure 20). This concept was considered 

satisfactory as it allowed for an evenly spread retaining force around the x-ring which is 

important in order to keep the crystal cavity sealed. The second concept made use of a 

straight barbed-leg L-shaped snap fit along each side of the crystal area. Although almost 

convinced at this stage, the Instrument Group was aware of that a snap fit could be 

troublesome to design to a degree of satisfaction. 

Energy director 
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Figure 20 Cylindrical snap fit concept (top) and L-shaped snap fit concept (bottom). 

3.3 First selection 

The Instrument Group chose to continue developing the snap fit-concepts. The conclusion 

made in this first selection was that one could make use of the materials’ different properties. 

The base part, constructed of a semi-crystalline material, offered more elasticity and could 

thus be designed to withstand almost all of the deflection in the snap fit assembly. The lid, 

being constructed of a transparent and more amorphous material, is more brittle and thus 

could be constructed to remain stiff during the assembly. 

The placement of the L-shaped snap fit was also perceived as optimal. Placing the snap fit 

along the long sides of the parts minimized the lever arm of the snap fit’s retaining forces 

across the lid. This would in turn minimize the variation in load across the x-ring and crystal 

(Figure 21). 
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Figure 21 Placing the snap fit on the long sides of the lid (top) minimizes 

the variation in load across the x-ring and crystal. 

It was now a matter of seeing how the snap fit design, possibly requiring an undercut for the 

retaining angle, could be conveniently injection molded. The dimensions of the snap fit were 

also calculated with regards to creating a retaining force above that exerted when pulling the 

parts apart by hand and without breaking the material. 

3.4 Snap fit construction 

With the help of CAD-software it could in more detail be investigated how the parts mated in 

the assembly. At this stage it became more evident that the concept was more restricted than 

expected due to the relatively small area around the crystal that was subjected to 

modification. It was hence important to make efficient use of this area to ensure that the lid 

could manually be aligned in all axes. This involved constructing the parts so that they could 

only be assembled in one way. 

In order to ensure that the requirement on permanent assembly was fulfilled, firstly the 

retaining angle was set to 90° for both snap fit designs (Figure 22). Secondly the assembly 

and pull-out forces were calculated using Ticona’s guidelines (Appendix VI). In these 

calculations, the maximum permissible undercut depth Hmax with regards to εmax, the 

material’s maximum permissible elongation of the material as found in the critical region of 

the cross-section of the barbed leg, was calculated. 

F, retaining force of the snap fit 

F 

P, spread load 

P 

X-ring 

X-ring 

Lid 

Lid 
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Figure 22 A 90° retaining angle was chosen to make the snap fit permanent. 

As the snap fit assembly concept was becoming more concrete, it was also investigated how 

the part designs would be moldable. The design was therefore compared to the guidelines as 

had been compiled through manufacturers and material specialists. 

3.5 Second selection 

The concept with having snap fits along the sides was chosen as the final concept. It was 

chosen firstly because it was a simpler design, regarded as more suitable for injection 

molding. The snap fit construction and its placement could, with some manipulation, relieve 

the mold from undercuts. Secondly, the L-shaped barbed leg allows for greater undercuts as it 

allows for more deformation. 

As the decision on assembly concept was reached, other features of the plastic housing were 

being generated. The ID-tag placement, the overall design and the aesthetic finalization were 

all treated as parameters that affected each other, the user, the choice of material and the 

construction’s moldability. Hence, it was vital that the iterative nature if the method was 

maintained. 

3.6 Design and construction 

The design and construction of the sensor chip was steered by the limitations of the 

instrument dock which defined its outer dimensions (Figure 23). There was still room to 

remove and add material to certain areas of the base and lid parts to allow the inclusion of a 

snap fit, a designated area for an ID-tag and for the purpose of making the construction 

moldable. 

90° retaining angle 



35 

 

 

Figure 23 The sensor chip design and construction. 

3.6.1 Design for injection molding 

Except for adding a 0.5mm radius around the plastic housing’s outer corners and a radius of 

0.1mm on the inner corners, no overall measures were taken with regards to the 

construction’s moldability. The wall thickness was not altered and no draft angle was created 

as, according to the injection molding specialist Göran Helldin, the maximum thickness of 

the parts was less than 6mm. This was also confirmed by the specialists at PDS and Cyprus 

Industries Inc. who regarded the parts as being “thin enough”. This decision was not 

considered a rule of thumb but was rather a confirmation that each respective manufacturer 

was aware of the limitations of their respective injection mold machine and hence could draw 

a reasonable conclusion looking at the drafts. The question whether neglecting the varying 

wall thickness would complicate molding with a tolerance of ±0.01mm still remained. 

3.6.2 Snap-fit design 

An L-shaped barbed leg snap fit was chosen for the assembly mechanism (Figure 24). The 

latch was placed on the base part as the material here was to be more semi-crystalline, hence 

more elastic, allowing the latch to be deformed upon assembly. 
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Figure 24 A cross-section view of the CAD-model and the snap-fit. 

The catch of the snap fit was placed on the lid as it was made of an amorphous material that 

is more brittle and hence was considered to remain fixed upon assembly. The catch on the lid 

has been extruded along the sides and has been given a shape that results in higher rigidity. 

The shape also allows the lid to be assembled in one way only and locks it upon assembly in 

all directions because of integrated lips. A slot was also placed in the lid part, opposite to the 

retaining angle of the catch, to avoid the usage of a lifter which is used when creating 

undercuts in injection molding (Figure 25). 

   

Figure 25 The lid part of the snap fit assembly. 

3.6.3 Logotype and ID-tag area 

A logotype was placed on the end part of the base. It consists of 0.5mm deep cutouts 

resembling Attana’s “a”-logotype. Its function was partly aesthetic and partly to create more 

friction between the thumb and the sensor chip when holding it (Figure 26).  

“Slot”: Cut-out 

feature to relieve 

the design from 

undercuts. 

The catch of 

the snap fit. 

 

The lid part 

The base part 

The snap fit 

construction. 

Lip 
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Figure 26 The logo and the designated space for an ID-tag. 

The current method for producing identification tags for the sensor chips is using a standard 

label-printer. As the sensor chips are identified based on specifications such as crystal-type, 

batch number and assembly date, i.e. attributes that have been gathered after manufacturing 

of the parts, it was considered inappropriate to investigate how an ID-tag could be 

implemented during manufacturing. Hence, the method of using a standard label-printer and 

adding the self-adhesive sticker during assembly could to be continued. 

When investigating where an identification tag on the sensor chip would optimally be placed, 

the lab environment, in which researchers work, was studied. Focus was laid on those 

situations where the user mounts or reads the identification tag. 

 Situations where the id-tag is mounted or read  

 After assembly, when the sensor chips lay on a table-top in rows 

 Before use, when the sensor chips lay in plastic containers 

 During use, when the back end of the sensor chip is exposed in the instrument dock 

 After use when the sensor chip is placed on a table or in a container 

From these situations, the one that offers the least area of the sensor chip exposed was chosen 

as a reference since that was considered the extreme of all situations, i.e. during usage. Based 

on that reference, the tag should ideally be placed on the short backside of the sensor chip, as 

this face is exposed. On the other hand, the ID-tag is ideally positioned on the top face of the 

sensor chip when it is placed on a table. Hence, having reviewed these two alternatives it was 

concluded that the best way would be to chamfer the short end of the base part in order to 

create a surface area that would be at a 45-degree angle. Thus, allowing the ID-tag to be 

viewed from both the front side and the top. 

 

The ”a”-logo 

Area designated 

for an id-tag. 
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3.7 The physical model 

The CAD-model of the chosen concept was adjusted to suit the tolerance of the production 

technique at PDS Vinninga which were wider than that of the final product. The CAD-file 

was then sent via e-mail to PDS. After a couple of days, the author visited PDS to receive the 

physical models. Upon the visit, two physical models in different materials (PA11 and PA12) 

were presented. The two versions had been produced with Selective Laser Sintering (SLS) 

and High Definition SLS.  

 

Figure 27 Two previous versions of Attana’s sensor chip, before the instrument dock was 

redesigned (left and middle) and the physical model of the sensor chip (right). 

As the physical model was assembled, it was apparent that the wide tolerance caused 

problems with the snap fit construction. The corners of the barbed leg were in the CAD-

model designed to be sharp, but with the tolerances of the rapid prototyping machine, they 

turned out with a large radius that caused the barbed leg to not completely snap. From this 

experience the model was reviewed to see how the undercut could be increased. Another 

measure taken as a measure to avoid a similar problem in the molded parts was to chamfer 

the corners of the latch and catch. The final drafts, with respect to the thesis work is presented 

in Appendix V. 

3.8 Material selection 

The polymer families that have been related to the material selection by means of satisfying 

the scopes of cost, performance and design, have been for the plastic housing’s base part: 

Polyoxymethylene (POM) and crystalline Polyamide (PA). They are signified by their 

relative low cost, opaqueness, good tensile strength and injection moldability. For the lid part 
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more amorphous families have been reviewed in the form of Polycarbonate (PC) and less 

crystalline PA’s, due to their transparency, good notch impact strength and hardness. 

CES EduPack 2008 (CES) is a software application that enables the search for materials in 

various databases based on a wide array of criteria and properties. Making use of so called 

Selection Stages, each material database was filtered from unsuitable materials in order to 

retrieve a confined selection of material candidates. The use of the CES was divided into 

three sessions using three different databases (Appendix VII). The choice of suitable material 

database was made through iteratively searching for materials based on relevant criteria and 

seeing which one came with most relevant results. 

It was early expressed by the material specialists involved that POM, used in current base 

part, was conveniently molded given the correct grade. On the other hand, the specialists 

made an assertion that Polyvinylchloride (PVC), currently used in the lid part, “is not 

optimally processed through injection molding” (Materialdepån AB and Helldin, 2008). The 

search for replacement materials for the lid part was thus continued partly through using CES 

and through interviewing these material specialists and manufacturers. The search was 

performed taking the key attributes of the currently used PVC but filtering down to those 

polymer materials that are suitable for injection molding and displaying optical property. The 

key attributes used were density, hardness, durability (chemical resistance) and optical 

properties. The search also included finding an alternative material for the base part in order 

to expand the material selection.  

As the search with the aid of CES was performed and discussions with Materialdepån and 

internal parties commenced, it was evident that the three sources complemented each other. 

Through CES it was found that PC was the only material that was of optical quality and 

suitable hardness (Figure 28). The hardness is favored since the lid has to be resistant to 

scratches as it is inserted into the instrument’s dock. PC, as compared with PVC, is 

considered to be stiffer, higher optical quality and in addition, is widely used in shielding and 

optical applications. Materialdepån as well as information from an engineer in the Instrument 

Group brought up the materials Cyclo Olefin Copolymer (COC) and PA to the table. The 

material specification of COC as presented by Zeon Chemicals (Nippon Zeon Co., Ltd., 

2008) describes a grade of COC that is both moldable through injection molding and that 

displays optical properties. PA in the form of Grilamid, a brand name of Ticona GmbH, was 
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presented by the material specialist. Hence, COC and PA in the form of Grilamid were both 

considered viable candidates to the lid part in addition to PC as attained from CES (Table 1). 

 

Figure 28 Transparency vs. Hardness of materials for the lid. 

Table 1 Comparison between Polyamides (PA, Grilamid) and Polycarbonate (PC). 
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For the base part POM was a strong candidate, although the search for other materials 

commenced in order to expand the selection. In this search PEEK was the only comparable 

material that surfaced (Figure 29). It was evident that both POM and PEEK are viable 

materials for the application and that PEEK displays improvements in resistance to organic 

solvents while being much more expensive. 

 

Figure 29 Price vs. resistance to organic solvents including material candidates 

 for the base part  (CES EduPack 2008). 

The materials candidates for the base part: 

 POM – currently used in the machined sensor chip or 

 PEEK – a very expensive but strong alternative used widely in the biotechnological 

industry. 

The material candidates for the lid part: 

 COC – a popular transparent polymer used in optical parts such as DVD and lenses or 

 PA6 (Grilamid TR60 and TR90). 

3.9 Aesthetic finalization 

The aesthetic aspect of the design was constituted of the measures taken in the other, 

construction-relevant, instances. It was decided that the material choice along with the 
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assembly feature and the resulting shape and dimensions with respect to moldability 

automatically created an aesthetically appealing and clean design. 

Coloring and surface finish, being part of the aesthetic finalization of the design, is dependent 

on the materials used. Since a specific material was not chosen, with respect to the thesis 

objective, these aspects were not treated. 
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4  Results and evaluation 

The work that was encompassed by the thesis resulted in a construction and design solution 

in the form of two drafts, one CAD-model and a list of relevant materials. Together these 

constitute the deliverables to the mold tool manufacturer. The requirement specification, 

which was created for the thesis work, was distinct and rigid. The task involved redesigning a 

sub-part of a system, the biosensor instrument, rather than designing a stand-alone product. In 

this regard the work treated an adaptation rather than a conceptualization of a design. 

The future molded plastic housing of the sensor chip should consist of a base part that is 

constructed to hold the electrodes and the quartz crystal of Attana’s QCM sensor chip, and a 

lid part that is constructed to hold the x-ring. These two parts are then to be assembled 

manually by utilizing the L-shaped latch of the snap fit in the base part and its corresponding 

catch in the lid part. The parts were constructed so that there is only one way to assemble 

them. The base part is to be made out of POM or PEEK and the lid part is to be made out of 

COC or PA. It was calculated that most of the deflection will take place in the latch, the base 

part, of the sensor chip when assembling. It was calculated that the materials and the 

construction allow the parts to be assembled resulting in a retaining force withstanding that of 

reasonable grabbing and pulling by hand. The placement of the designated area for the 

identification tag has been set on the part of the sensor chip exposed when it is inserted into 

the dock of the instrument. It is angled 45° to allow it to be viewed both when it is on a table 

top and when it is inserted. An Attana “a”-logotype has been placed on the base part where 

the thumb normally resides when grabbing the sensor chip. This adds branding to the sensor 

chip and it provides better friction when holding the sensor chip. 

Göran Helldin at MicroPlast AB and a specialist at Cyprus Industries Inc. in China confirmed 

that, depending on the chosen cavity, a series of 10,000 sensor chips would result in a unit 

cost of 4-6 Swedish Kronor. This price depends largely on the cycle time of each sensor chip 

and the materials used. The mold tool itself would cost between 500,000 - 1,000,000 Swedish 

Kronor to develop. The latter price depends largely on the metal alloy used for the mold tool 

and how much iteration is required in order to reach the desired tolerance of ±0.01mm. 

With regards to the problem statement, the thesis work resulted in simplified assembly 

construction and the integration of a designated feature for identification-tagging. The design 

and construction were also verified, to a certain extent, respective of generic guidelines for 
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injection molding and from specialists who reviewed the construction. The new design and 

construction of the sensor chip is a demonstration of how the amount of parts in an assembly 

can be minimized, not making use of screws, adhesives or any complimentary, and 

expensive, assembly instruments. This result is in line with the commissioner’s ultimate aim 

of shortening the cycle time for assembly whilst allowing manual control over the process. 

The objective of the thesis work not only involved redesigning a product from an industrial 

design engineering perspective but also encompassed the practice of cross-disciplinary 

cooperation between a wide array of competences. As the author had two years of experience 

in the company prior to the start of the thesis work, a relationship had already been built with 

the involved parties. This resulted in a quick integration into the Instrument Group which 

showed trust to the author as a project manager for the molded sensor chip.  

As the work progressed it became more evident that the Instrument Group had created a sub-

culture within the company. The group stood for most of the product research and 

development in the company and hence had a confident manner of quickly dismissing and 

accepting various ideas. This manner had a strong influence on the creative process which in 

hindsight was not as productive as it could have been. This culture also gave a hint of an 

attitude that maybe is common in small R&D companies that are competing in a tough and 

international market: there is no time to waste, choose the simplest method first and fix things 

later. 

The question still remains if the undercut of the snap fit is large enough for the purpose of 

permanently sealing the lid on the base part. The physical model, displaying tolerances far 

from what has been needed, is not permanently sealed. The prototype sensor chip can be 

disassembled using two hands and a screw driver. 

The wall thickness, and the variations in it, was not verified as being optimal for injection 

molding. The manufacturer commented that, considering the parts relative simplicity, the 

current wall thickness variations should not cause any problems that would require a drastic 

part redesign. In other words ribbing was not introduced to the construction as no parts were 

hollowed out. 
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5  Recommendation  

The physical model, although not functional from a biotechnical perspective, functioned as a 

prototype for the assembly feature of the sensor chip. It gave an inaccurate but useful 

indication of how the snap fit would function and hence corrections to the CAD-model could 

be made. And although the sensor chip, the molded version, was not manufactured within the 

thesis work, the author believes that a reproducible solution is close at hand. 

Since the affects on the quartz crystal from being exposed to rapid heat variations, adhesives 

and ultrasonic frequencies still remain unknown, it is recommended that a thorough study in 

this area is performed. Results from this study will lead to an understanding of what 

alternative assembly methods are applicable. 

Regarding injection molding, the recommendation is to injection mold the current sensor chip 

without the inclusion of the snap fit design. The author believes that this would be a more 

economical approach to the tool making as it would decrease the amount of unknown 

parameters. The snap fit could instead be integrated ones Attana feels comfortable with the 

performance of the injection molded sensor chip. In the mold tool, the parts of the sensor chip 

can either be configured in a family mold, where several instances of the lid and base part are 

molded simultaneously or in a multi-cavity mold where one lid and one base part are molded. 

The choice of configuration also affects the cost of the mold tool, the cycle time and hence 

the unit cost as well. 

When selecting materials, it is important to bear in mind that a polymeric material can be 

processed with various additives, such as glass and plasticizers, to achieve a desired set of 

functional characteristics. For this reason, the characteristics of the basic structure of the 

material may not be reflected in the performance of the finished product. “Performance 

reflects the combined influence of material, design, and processing” (Shang, 1996). The 

manufacturer owning the injection mold machine will ultimately make the decision on what 

materials and what grades of it are suitable for the application.  

The future result of the molded sensor chip is the only relevant evidence of a reproducible 

result. In retrospect, the thesis work helped Attana to reach a level of understanding for what 

aspects of the design and to what extent the design and construction can be altered within the 

limits set by the current concept of biosensor instrument. 
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Appendix I  Drafts of the current sensor chip 
(April 3, 2008) 
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Appendix II  Design guidelines 
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Excerpts from Top Ten Design Tip (Hasenauer, Küper, & Laumeyer, 2008) 
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Appendix III  Various ideas and concepts 
 

 

 

“Inverse” – Creating a design that only makes use of one mold cavity. The lid and base 

parts are on each side of the single molded part and can be detached and assembled. 

 

 

 

“Short side snap fit” – Implementing a snap fit along the short sides of the parts (neglect 

the strange formation on the surface of the part). 
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“Thin walled cylinder snap fit” – An attempt to achieve uniform wall thickness and 

making use of a cylindrical snap fit. 

 

 

 

“Magnet” – An idea of using magnets (to be placed in the rectangular space) to join the 

two parts. Hardly permanent and magnets are expensive. 
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“Multiple snap fits” – Making use of four snap fits located at the same places as the screws 

and bushings in the current sensor chip. 

 

“Glue” – A simple solution of creating shafts and hubs like in a press fit but adding a 

droplet of glue on the bottom of the hub and then pressing the parts together. 
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Appendix IV  Construction solution 
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Appendix V  Ultrasonic welding 

 
 

Excerpt from Fogningsmetoder (Plastforum, 2005) 
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Appendix VI  Critical dimensions for a snap fit 
 

 

Excerpt from Design calculations for snap fit joints in plastic parts 

(Ticona GmbH, Kelsterbach, 2007). 
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Excerpt from Design calculations for snap fit joints in plastic parts 

(Ticona GmbH, Kelsterbach, 2007). 
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Appendix VII  Material selection for lid part 
 

Case 1 – Using the CES “MaterialUniverse Level 2” material database 

Each property has been given either a minimum or maximum numerical value that has 

corresponded to the current material or a checkmark in a Boolean fashion in the case of 

durability and optical properties. In Table 2, the values for these properties have been 

specified in accordance with the alternatives available in CES EduPack 2008 for the 

transparent lid. 

Table 2 Properties used when searching for lid part materials using CES EduPack 2008 

“MaterialUniverse Level 2” 

General properties Minimum 

Density kg/m^3 1000 

  

Durability Checkmark 

Organic solvents Average, Good, Very good 

  

Optical properties Checkmark 

Transparency Transparent, Optical quality 

 

When including the search terms as listed in Table 2, the following list of materials has been 

rendered for the lid part: 

 Cellulose polymers (CA) 

 Epoxies 

 Polycarbonate (PC) 

 Polyester  

 Polyethylene terephthalate (PET) 

 Polylactide (PLA) 
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Case 2 - Using CES Level 3 Aerospace / CAMPUS database of plastics 

In Table 3 the properties used to search the Level 3 Aerospace/CAMPUS database for lid part 

materials have been displayed. The values used for the mechanical properties have been 

derived from standard engineering plastic values for plastic covers. From this search the 

material PA6I/6T (Grivory GTR 45) has been attained. 

Table 3 Properties used when searching for lid part materials using CES EduPack 2008 

“Level 3 Aerospace/CAMPUS database” 

Processing Checkmark 

Injection molding Yes 

  

Mechanical properties Minimum 

Tensile modulus 2400MPa 

Yield stress 60MPa 

Yield strain 4.5% 

  

Chemical resistance alcohols Checkmark 

Ethanol Yes 

  

Special characteristics Checkmark 

Transparent Yes 

  

  

 

The properties that have been used in the search have been a minimum density of 1000kg/m
3
 

and “good” and “very good” chemical resistance to ethanol. The resulting materials have 

been: Polyetheretherketone (PEEK), Polyoxymethylene (POM) and Polyurethane. 

Polyurethane is used in soft foam-like products according to its specification. 
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Appendix VIII  Second generation Attana sensor chip 
 
 

 
 


