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ABSTRACT 
 
Philmac Pty Ltd manufactures plastic pipe fittings and ball valves. The fittings have 
proved to be very successful on the municipal market, while the ball valves have not 
reached the same level of success. A 20 years old ball valve design and stringent 
standards for plastic pipe systems are two main elements of the problem. In order to reach 
new markets and to increase the company’s ability to compete, product development and 
re-engineering of the valves is urgently needed. 
 
At the initial stage of the project, a literature and situation study was conducted and some 
serious problems with the existing valve range were identified. I.e. design errors, 
inefficient production and assembly line practices. The most critical issue was material 
selection, today Nylon-6 is used, a very strong plastic, but with its water absorbing 
properties, its dimensional and physical properties change over time. New standards 
require a lifetime of at least 50 years.  
 
The result of this thesis is a new valve concept with greatly improved properties. The 
assembly process is facilitated by a reduced number of parts and one single assembly 
axis, a great advantage from an automation perspective. Additionally, the materials are 
selected to suit the field of application and the design of the new range of valves is 
adjusted to the materials and the production process.  



 

SAMMANFATTNING 
 
Philmac Pty Ltd, North Plympton i Adelaide tillverkar passningar och ventiler i plast. 
Passningarna är framgångsrika för användning inom kommunala vattenledningsnät 
medan ventilerna inte nått samma grad av framgång. Två bidragande orsaker till detta är 
en föråldrad ventildesign samt nya striktare standarder för komponenter i 
vattenledningssystem. För att kunna nå nya marknader och förstärka företagets 
konkurrenskraft, krävs snabb produktutveckling. 
 
I projektets inledande stadium utfördes s ituations- och litteraturstudier. En rad allvarliga 
brister hos dagens produktserie identiferades, däribland  designfel samt ineffektiv 
produktion och monteringslinje. Det största problemet är materialvalet, idag används en 
variant av nylon-6. Det rör sig om ett starkt plastmaterial men med fuktabsorberande 
egenskaper som gör att det snabbt förlorar sina goda karaktäristika.  
 
Resultatet av detta projekt är ett ventilkoncept med starkt förbättrade egenskaper 
gentemot det existerande. Stora förbättringar har gjorts bl a inom monteringen eftersom 
antalet delar har reducerats och monteringen kan ske från en enda riktning, något som 
även underlättar för automatisering. Dessutom har materialen valts för att passa 
användningsområdet, och produktdesignen är anpassad efter materialval samt 
produktionsmetoder. 
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1. BACKGROUND 
 
 

 

 

1.1 Philmac 
Philmac was founded in Adelaide in 1929 to manufacture products for the plumbing 
industry. In 1968, Philmac became the first company in the world to manufacture an 
entirely plastic compression fitting for connecting polyethylene pipes. Up to half of 
Philmac’s production is exported worldwide, with major markets in Europe, the Middle 
East, South East Asia, North Asia and North America.  
 
Philmac products are used in diverse app lications, from plumbing and municipal systems 
through to livestock water control, horticultural and parklands irrigation, industrial uses 
and mining. The company has 243 employees in South Australia and an annual turnover 
of 60 million AUD. 
 

1.2 Project background 
Philmac currently produces a range of plastic valves for the municipal market that were 
originally designed for the rural market. As such, there are a number of limitations with 
the current range, including performance and size. The municipal market for valves is 
significant, but a dedicated range of municipal valves will be required in order to be 
successful. 
 
New technical standards raised the performance requirements on plastic products used in 
potable water systems. For example, ISO 9080 provides a means for determine a 50 year 
lifetime for the plastic products, a demand today’s valves are not even close to meeting. 
 
The current valve range is out-of-date and a re-engineering is urgently required, as the 
design is 20 years of age and based upon a metal valve construction, which means it was 
not even initially suitable for plastics production. 
 
As plastic raw materials continue to evolve and offer increased flexibility in a variety of 
applications, so industry continues to develop new products and processes. Product 

Fig 1.1 Philmac, North Plympton 
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development has an increasingly difficult task to keep a product in a leading position in 
the marketplace. 
 
The current production line, and especially the assembly of the valves, is slow and 
inefficient. Big improvements can be achieved here; automation is the aim.   
 

1.3 Delimitations 
The main focus of this thesis project has been the overall design of a new generation of 
valves. Different materials have been considered and recommendations given in this 
thesis, yet it should be mentioned that this field is very extensive and limited resources 
have been put into this, since it is not an area of priority. On request from the client, 
Philmac, PVC has not been taken into consideration. This is partly due to the fact that 
PVC valves are produced by sister companies, and partly because the manufacture 
process for PVC is not suitable for the current manufacturing operations. In addition the 
material is often not accepted because of environmental concerns. 
 
The conditions for this project were full-bore, full- flow, on-off valves, with female inside 
threaded ends to connect to the pipe. Solutions that ended up outside of these 
requirements have not been taken into consideration, and no effort has been put into 
improving the pipe connection ends. 
 
The design is directed towards injection molding, which is the production method used at 
Philmac today, and no alternative methods have been considered. 
 
All design is dimension-free, to be applicable to general purpose valves, main-stop, curb-
stop and meter-stop valves and also to suit both metric and imperial pipe systems. 
 

1.4 Objectives 
The objectives of this thesis were: 
 

• To investigate the world plastic valve market and generate at least one 
qualitative, manufacturable valve concept, that meets current industrial standards 
and customer requirements. Additionally, the same concept is to be applied on 
four different types of valves; main stop, meter stop, curb stop and a general 
purpose valve. 

• The construction must ensure easy installation and the valve must be used within 
existing installation practises. As it will be used in predominantly metal markets, 
it must be of sufficient strength to withstand the normal installation practices 
used on metal valves. 

• To facilitate ease of assembly of the valve and, to the utmost possible, extent 
automate the assembly process. 

• To provide proposals concerning material selections.  



World Valve -Development of an outdated valve range                                                               
to meet current standards and market requirements.        

 5 

2 Theory 

2.1 General principles of valve construction 
Valves in piping systems are the primary method of controlling the flow, pressure and  
direction of the fluid. The definition of a valve is:  
  

Valve noun – in mechanical engineering, device for controlling the flow of fluids 
(liquids, gases, slurries) in a pipe or other enclosure. Control is by means of a 
movable element that opens, shuts, or partially obstructs an opening in a 
passageway.    
   (Encyclopedia Britannica) 

2.1.1 Stop Valves 
The isolation of one system from another can be controlled by the use of a stop valve. 
The primary requirements of this valve are tight shut off when closed and minimum 
restrictions to flow when open. Examples of valves used for this function are Ball Valves, 
Butterfly Valves, Diaphragm Valves, Gate Valves, Globe Valves, Pinch Valves and Plug 
Valves. 
 
2.1.1.1 Ball valve 
The ball valve is basically an on-off valve, based on a ball with a hole through which the 
fluid flows. When the ball is rotated, the hole lines up with the pipe and allows full flow. 
Turned a quarter revolution, the hole runs across the pipe and blocks the flow. Both 
plastic and metal ball valves are available on the market today. 
 
The ball valve is generally provided as a reduced bore design, allowing a smaller body 
but still with relatively low head loss compared to most other valve options. The full bore 
option has a larger body but provides zero restriction to flow. The valve can be supplied 
as a multi-port design, for flow diverting, but is only available with the reduced bore 
option. 
 
There are two main types of ball valves; floating ball and trunnion ball.  
 
The floating ball valve has a free-floating ball that moves in response to the fluid. In the 
closed position the ball will be pushed by the water pressure against the seals, so the seal 
is taking advantage of the water pressure. 
 
The trunnion ball has upper and lower supports to retain the ball under pressure. The 
trunnion on a two-way ball valve supports the ball in much the same way as the stem 
does at the top. This solution is primarily used when the internal pressure is too high for 
the seals to handle.  
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Figure 2.1, two principle solutions of a ball valve 
 
 
Sources:  Zappe, R. W, 1987 

www.roymech.com 
http://www.directindustry.com 

 
 
2.1.1.2 Butterfly Valve 
The butterfly valve is not a full bore valve. Still, it has the head loss characteristics of 
such a valve. The design is based on a disc of the same diameter as the bore of the pipe. 
The disc is arranged in the centre of the valve so that when it is across the bore, it shuts 
off the flow path. When turned through 90o, the disc provides minimum resistance to the 
flow. 
 

 
 

Figure 2.2: Butterfly valve 
 
The main variations for this valve are the methods of sealing the perimeter of the disc in 

http://www.roymech.com
http://www.directindustry.com
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its closed position. The simplest variation is to use an elastomer lined bore on the disc. 
Metallic seals are available, allowing the valve to be used for a wide range of fluids at 
high temperatures. Depending on the valve size, working pressures up to 100 bars can be 
handled. 
 
Sources:  Zappe, R.W, 1987 
  http://www.posiflate.com/sales.html 
  www.efunda.com 
 
2.1.1.3 Diaphragm Valves  
The fluid flows straight through the valve, via a chamber over which is an elastomer 
diaphragm. This diaphragm is normally arranged to provide no resistance to the flow. 
To close off the valve, the diaphragm is forced down into the chamber to block off the 
flow. The chamber can include a weir, as shown in figure 2.3, across the flow-path, 
against which the diaphragm can be pressed to provide a more efficient seal, with 
reduced diaphragm distortion.  
 

 
Figure 2.3: Diaphragm valves, with and without weir. 

 
The straight through variation is a full bore valve design; however, this option results in 
much more stress on the diaphragm, which has to be a softer material.  
 
This type of valve is generally limited to relatively low fluid pressures (less than 7 bars). 
The chosen diaphragm must be compatible with the fluid. The diaphragms must be 
replaced at regular intervals and it is advisable to operate the valves frequently. 
 
These valves are often used for duties which require a high degree of cleanliness, as they 
can be supplied lined or polished, and can be very conveniently cleaned. 
 
Sources:  Zappe, R.W, 1987 
  http://www.directindustry.com 
  www.efunda.com 
 

http://www.posiflate.com/sales.html
http://www.efunda.com
http://www.directindustry.com
http://www.efunda.com
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2.1.1.4 Gate valves 
Gate valves are generally used in the process industry for on-off service. The gate valve 
can be manufactured in a wide range of sizes, from 5mm to above 2000mm diameter. 
 
The valve can be based on a solid wedge, which can adjust to suit the seal faces, or a 
parallel face based on two discs which slide between parallel sealing faces, with a 
mechanism forcing the discs out on the last part of the spindle travel.  The valve can be 
based on a simple rising spindle design or a fixed spindle which screws into the gate. 
 
There are a large number of gate valve variations, including slide valves, knife valves and 
sluice valves. 

 

 
Figure 2.4: Gate valve 

 
Sources: Zappe, R.W, 1987 

http://valves.globalspec.com/Industrial-Directory/gate_valve  
  www.efunda.com 
 

http://valves.globalspec.com/Industrial-Directory/gate_valve
http://www.efunda.com
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2.1.1.5 Globe Valve 
The globe valve includes an orifice set into the body through which the fluid flows. A 
disc at the end of the spindle is designed to move in and out along the axis of the orifice. 
The disc can be fitted with a soft seat, if tight shut-off is required. For manually operated 
valves, the spindle is screwed so that rotation of the handle moves the disc in and out.  
 

 
                                            Figure 2.5: Globe valve 
 
Sources:  Zappe, R.W, 1987 
  http://www.tpub.com/content/engine/ 
  www.efunda.com 
 
2.1.1.6 Pinch Valve 
The pinch valve is a length of pipe made from an elastomeric material with a mechanical 
system for squeezing the tube closed when a shut off is required. The valve is a true full 
bore valve - there are no mechanical parts in contact with the fluid. The valve is often 
supplied with the pinch tube contained within an outer pipe between the end flanges. This 
option provides a method of monitoring for tube leaks and provides a degree of 
secondary containment. 
 

 
                                         Figure 2.6:  Pinch valve 
 
Sources:  Zappe, R.W, 1987 

www.chemindustry.com 
  www.efunda.com 

http://www.tpub.com/content/engine
http://www.efunda.com
http://www.chemindustry.com
http://www.efunda.com
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2.1.1.7 Plug Valve 
The plug valve is basically an on-off full bore valve based on a plug with a hole through 
which the fluid flows.  
 
The plug is shaped like a truncated cone and the hole can be rectangular or cylindrical. 
The plug is inserted, narrow end down, through the side of the body. When the plug is 
rotated, the hole lines up with the axis of the pipe and allows full flow. Turned a quarter 
revolution the hole runs across the pipe and blocks the flow. Usually both the seat and the 
plug are made of metal.  
 
The valve can be engineered with a lubricated plug which uses the lubricant to enable 
convenient operation, over a wide range of pressur es. The lubrication film also provides a 
seal. 
 
 

 
                                         Figure 2.7: Plug valve 
 
Sources:  Zappe, R.W, 1987 

www.inel.gov/featurestories/ 8-99tractrix.shtml 
www.efunda.com 
 

http://www.inel.gov/featurestories
http://www.efunda.com
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2.1.2 Regulation of flow 
In order to regulate the flow of the fluid between zero and full flow, a number of different 
valves can be utilised. I.e. globe, needle, ball and butterfly valves. Ideally, the flow is 
directly proportional to the position of the hand wheel. Globe and needle valves are best 
suited for this duty. 

 
Figure 2.8:  Needle valve 

 
2.1.2.1 Needle valves 
Needle valves are similar in design and operation to the globe valve. Instead of a disk, a 
needle valve has a long tapered point at the end of the valve stem. A cross-sectional view 
of a needle valve is illustrated in figure 2.8. The long taper of the valve element permits a 
much smaller surface area than that of the globe valve; therefore, the needle valve is more 
suitable as a throttle valve. 
 
Needle valves are used to control flow into delivate gauges, which might be damaged by 
sudden surges of fluid under pressure. Needle valves are also used to control the end of a 
work cycle, where it is desirable for motion to be brought slowly to a halt. 
 
 
Sources:  Zappe, R.W, 1987 
  www.primevalvesindia.com 

www.plastinetics.com 
  www.efunda.com 

http://www.primevalvesindia.com
http://www.plastinetics.com
http://www.efunda.com
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2.1.3 Back flow prevention 
The type of valve constructed to prevent reversed fluid flow is called NRV (non return 
valve) or check-valves. These valves must have tight shut off against reverse flow. They 
must also have a low resistance to forward flow, and a fast response. 
 

 
 

Figure 2.9: The check valve is a one-way valve 
 
2.1.3.1 Check valve 
Check valve is another name for non-return valves and it is used wherever the possibility 
of reverse flow of the process fluid is undesirable. Some check valves require reverse 
pressure or flow, to assure that the valve seals. Normally-closed types, that do not require 
reverse pressure, typically involve the use of a spring exerting its force onto a disc which 
affects a positive seal.  
 
Sources:  Zappe, R.W, 1987 
  www.industrial-petroleum-valve.com 
  www.efunda.com 

2.1.4 Plastic valves vs. metal valves 
Plastic valves are typically used in applications where atmospheric corrosion impacts the 
life and safety of metal piping, or where chemical handling is required.  
 
Service tends to be easier with plastic valves as no tools or equipment are usually needed. 
The metal valves often get stuck in one position due to corrosion and a great force is 
needed to open or close the valve. When tools matched for metal valves are used for 
installing a plastic valve, there is often too much force used, which stresses the plastic 
body and can eventually lead to cracking under prolonged stress conditions .  
 
Notable limitations of plastic valves are high pressure and extreme temperatures. Plastic 
valves are suited for temperatures below freezing, but may soften at elevated 
temperatures or be degraded by certain chemicals. Furthermore, plastic valves are not as 
robust as metal valves.  
 

http://www.industrial-petroleum-valve.com
http://www.efunda.com
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Most plastic valves are designed for liquids, and many are suitable for slurries. Powders 
tend to scour the valve body, and most gas applications are not suited to plastic. 
 
Metal valves and piping tend to contaminate the water with heavy metals. The valves are 
also very heavy in comparison with plastic valves. 
 
Plastic valves are more flexible and handle movements in the ground better than metal 
valves. Plastics degenerate in UV-light, even if the process can be slowed down when 
adding UV stabilisers. 
 
 
plastic valves are used when: 
corrosion resistance is needed 
chemical handling is required 
no contamination is wanted, i.e. potable water 
easy handling and service is desired 
when movement in the ground is expected 
 

metal valves is used when: 
high pressure applications  
high or very low temperature applications 
powder and gas applications 
exposed to UV- light 
placed in an eroding environment  

 
Sources: http://www.haywardindustrial.com 
 

2.2 Material 
The concepts “plastic” and “polymer” are not synonymous. Polymer means “many 
repeated units” and describes the molecular structure composed of very long chains of 
organic molecule units. The polymer and additives form plastic together. (Bertilsson). 
 
Some plastics consist of almost 100% polymer whilst others contain up to 70% additives.  

2.2.1 Polymer Chains 
Polymer chains can be built in different ways that affects the characteristics of the plastic. 

.  
 
 
 
 
Figure 2.10 Linear chain  
Thermoplastic behavior 
 
 
 
 
 
 
 
Figure 2.11 Branched c hains 
Thermoplastic behavior 

http://www.haywardindustrial.com
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Figure 2.12 Sparse cross-bonded chains 
Rubber material 
 
 
 
 
 
 
 
 
 
Figure 2.13 Tight cross-bonded chains 
Thermoset behavior 
 
 
 
 
 

2.2.1.1 Thermoplastics 
If the chains are linear or branched, they easily move relative to each other at higher 
temperatures and the material is called thermoplastic. Such material becomes viscous at 
heating and can be redesigned several times. 
 
2.2.1.2 Rubber 
A cross-bond is as strong as the chain itself. When a chain has a sparse network of cross-
bonds, the material is a rubber material. This kind of material will not be viscous at 
heating other than when the temperature gets so high that the entire chain breaks. This is 
called thermal degradation. The cross-bond reaction has to take place when the material 
already has its final product shape. Polymers suitable for making rubber are called 
elastomers and the cross-bonding process is called vulcanisation.  
 
2.2.1.3 Thermosets 
A very tight network of cross bonds will create a stiff material called thermosets, and the 
process is called cross-bonding. Thermoset materials cannot be reused or reshaped. 
 

2.2.2 Phases 
2.2.2.1 Crystalline 
The grade of crystallinity has a major effect on the mechanical properties of the polymer. 
The crystal is distinguished by that the molecules or atoms are exactly placed in a grid 
with a very high extent of order. The amount of secondary bonds within the crystal settles 
the melting temperature of the polymer. The only way the long chains can form a crystal 
is to convolute close to each other. 
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Figure 2.14: Convoluted polymer chain  
 
The chain convolution starts at several points and grow radially out from these points 
until they meet another grow front. The parts of the chain that have errors or are too slow 
to convolute end up outside these spherulites in an amorphous phase.  
 

 
Figure 2.15: Spherulites 
 
The spherulites contain both perfect and less perfect crystalline phases as well as 
amorphous  phases. The spherulite structure covers the entire material irrespective of 
whether the crystallinity is 90% or 40%. 100% crystallinity is never the case in a 
polymer. The sizes of the spherulites vary between different polymers, but are big enough 
to be seen in a light microscope. 
 
Some polymers that have stiff chains cannot develop spherulites at all. This also applies 
to when polymers are cooled rapidly. In these cases, the crystals are randomly spread in 
an otherwise amorphous phase. This structure is called frans -michell. 
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Figure 2.16: Frans-micell structure 
 
2.2.2.2 Amorphous 
When the chains cannot form crystals, they instead form the amorphous phase in which 
they try to be as close to each other as possible, but with low grade of order. The amount 
of secondary bonds is never as high as in the crystalline phase. This is why the melting 
point is lower, and normally the density is lower as well. An amorphous polymer is 
transparent while the opacity increases with increased crystallinity. 
 
2.2.2.3 Melting points 
As a result of the different phases, polymers will melt in different stages. The amorphous 
parts of the polymer melt first and the most perfect crystal melts last. The temperature 
when the last crystal melts is called the crystal melt point, Tm, above which the polymer is 
liquid. The temperature when the amorphous phase starts to melt is called the glass 
temperature, Tg, and is a very important material quantity. For amorphous polymers, this 
is the highest temperature at which the polymer should be used as a construction material. 
For a polymer with high crystallinity, the crystals will hold the material together even at 
temperatures closer to Tm. For most polymers, the quotient Tg/Tm is approximately 0.5-
0.7. 

 
Figure 2.17 Volume as a function of temperature 
 
Source: Bertilsson, Luleå 
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2.2.3 Characteristics of plastics 
Polymeric materials have some differential characteristics that are useful to know about 
when designing for plastic products.  
All polymer materials are viscoelastical, so the deformation caused by a certain stress 
also depends on time and temperature. The classical methods of calculating the strength 
of materials has to be used with great care when dimensioning plastic parts, because all 
mechanical properties are time-dependent. 
 
Since there is no generally valid way to calculate the strength for non-linear viscoelastical 
materials, as polymer materials often are, the choice of material and the dimensioning of 
plastic components has to be based on experience.  
 
2.2.3.1 Cost 
The prices for plastics are indicated as price per kilogram of material. For the 
manufacturer however, it is more important to know the price per volume unit. Therefore 
the cost is calculated as the density (kg/dm3) x price ($/kg); that is the cost is indicated in 
price per liter of material. 
 
2.2.3.2 Density (according to standard ASTM D792) 
The choice of method for determining density is based on the type of material as well as 
on the size and shape of the sample. A further criterion is the required level of precision. 
The density is determined on the basis of the calculated volume and the mass of the 
sample and is given in g/cm3. 
 
Hydrometer method 
This method uses solid samples or samples from moldings. The volume is calculated by 
dispersing and agitating the solid in distilled water or other suitable liquid. The degree of 
precision: 3 decimal places. 
 
Air comparison pycnometer  
This method uses powders, porous and irregularly shaped solids. It involves calculating 
the volume of air displaced by the sample in a measuring cylinder. The degree of 
precision: 2 decimal places. 
 
Apparent density  
The apparent density of granules, powdered or free- flowing materials is calculated by 
filling a measuring beaker with a stipulated volume of the sample material and weighing, 
adhering to the method described in the standard. The apparent density is given in g/cm3.  
The apparent density is, among other things, a criterion applied in the processing of 
injection molding compounds and provides a basis on which to calculate the volumetric 
capacity of a cavity.  
 
2.2.3.3 Tensile test with E modulus (according to standard ASTM D638) 
This test is to assess plastics when subjected to uniaxial tensile stress. The advantage of 
the tensile test is that even ductile materials can be tested to complete break point. The 
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elasticity modulus (E modulus) serves as a parameter of comparison for different 
materials and is a measure of stiffness. The elongation is also a result of such a test. 

 
 

 
                    Figure 2.18: Tensile strength and E-modulus 
 
2.2.3.4 Bending test with E modulus (according to standard ASTM D790) 
This test enables the determination of strength and dimensional change properties of 
plastics when subjected to three-point loading. The latter produces tensile, compressive 
and shear stresses.  
The result of the test method is e.g. flexural strength and flexural modulus. 

 
   Figure 2.19: Bending test 
 
2.2.3.5 Impact resistance (ASTM D256) 
The Izod impact test is a simple, quick test for a comparative material assessment. The 
test is performed on both notched and unnotched samples. For both tests, a recording is 
made of the travel of the pendulum with both no specimen mounted and with specimen 
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mounted. The difference is calculated as an energy loss by the pendulum and is referred 
to as the impact resistance of the plastic. 
 
Amongst other things, it is used to investigate the effect of changed formulation, 
compounding or injection molding conditions on the test specimen. By varying the 
temperature and notch shape, different effects can be simulated. The use of notched test 
specimens is necessary in order to produce a break in ductile materials.  
 

 
Figure 2.20: Izod impact test with notched specimen 

 
 
2.2.3.6 Temperature resistance (according to standard ASTM D648) 
The heat distortion temperature (HDT) is a good reference point for determining the 
temperature at which molecular action takes place and the plastic material can flow. It 
should not be used to determine the end-use temperature limits of a specific product 
design.  
 
The test consists of placing a specimen edgewise over two support points, 102 mm apart, 
within a heated liquid bath. The temperature of the bath begins at room temperature and 
is increased at the rate of 2°C per minute. A load is placed against the edge of the 
specimen and the temperature at which the specimen deflects to a total of 0.254 mm is 
recorded as the HDT. 
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     Figure 2.21: Heat distortion temperature 
 
2.2.3.7 Water absorption 
Plastics absorb water in various extents, with deformation as a consequence. The 
mechanical properties for a plastic can change dramatically when the water content 
increases. 
 
2.2.3.8 UV-resistance 
All plastics degrade when exposed to UV- light. There are UV-stabilizers available 
however, that minimise this degradation. The pigment carbon black i.e. is beneficial to 
the stability of polymers. 
 
2.2.3.9 Bearing properties 
The coefficient of friction of a material is the measure of the sliding resistance of a 
material over another material. 
 
2.2.3.10 Chemical resistance 
Chemical resistance is the ability to withstand attacks from chemical substances such as 
alkalis, bases and acids.  
 
2.2.3.11 Potable water 
The plastic shall not contaminate the water. 
 
2.2.3.12 Ability to color 
Plastics react in various ways to different pigments. It is therefore important to test the 
materials after the pigment is added. The pigments can, for example, have an effect on 
potable water. 
 
2.2.3.13 Injection Mouldability: 
Shrinkage 
All plastics have a more or less pronounced shrinkage behavior. This means that the 
molded thermoplastic part has smaller dimensions than the mold in which it is produced. 
As it cools, the part begins to shrink in the injection mold. This process also continues 
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after demolding. The total shrinkage of a molding is the molding shrinkage added to the 
after-shrinkage.  
 
Flow rate: 
How fast the mould can be filled is a significant factor when calculating the cycle time. 
 
Melt temperature: 
How hot the plastic has to be when moulded decides the cooling time and that sets the 
cycle time. 
 
Sources: The test methods referred to in this chapter are found on the webpage 
http://www.ttc.bayermaterialscience.com. 
 
 

2.2.4 Additives 
When using additives, it is important to take into consideration that it may affect any of 
the plastics properties. It is therefore important to choose additives carefully and to test 
the plastic after the additives are added. 
 
Reinforcements 
There are two different kinds; particulate fillers and fibrous reinforcements.  
 
Fillers are minerals, metallic powders, glass spheres and organic materials and are used 
for example to increase stiffness, reduce mold shrinkage and improve processing.  
 
Reinforcements include glass, carbon and metallic fibers in varying lengths. Strength, 
impact and stiffness are improved by the increased length of the fiber.  
 
Glass fibers incorporated into a thermoplastic have a synergistic effect, with material 
properties superior to those found in either component alone. Properties that show a 
marked improvement are tensile strength, tensile modulus, impact strength and 
dimensional stability.  
 
UV-stabilizers  
UV radiation can break down the chemical bonds in a polymer. This process is called 
photo degradation and ultimately causes cracking, chalking, colour changes and the loss 
of physical properties.  
 
Once photo degradation starts, it sets off a circular chain reaction that accelerates 
degradation, unless stabilizers are used to interrupt the cycle. 
Photo oxidation can be so pronounced with polymers that they would be destroyed 
completely within a few days or weeks, if they were used directly exposed to light, 
without any protection. 
 
To counteract the damaging effect of UV light, UV stabilizers are used to solve the 

http://www.ttc.bayermaterialscience.com
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degradation problems associated with exposure to sunlight. UV stabilizers can be 
categorized by two general classifications – ultraviolet absorbers (UVA) and hindered 
amine light stabilizers (HALS). 
 
UVA 
The UVA reduces the amount of light absorbed by a polymer. This is achieved by 
incorporating UV absorbers into the polymer. The amount of UV radiation absorbed is a 
function of both sample thickness and stabilizer concentration. High concentrations of 
absorbers and sufficient thickness of the polymer are required, before enough absorption 
takes place to effectively retard photo degradation.  
 
HALS 
HALS does not absorb UV radiation, but slows down the photo chemically- initiated 
degradation reactions. 
 
One advantage of HALS stabilizers is that no specific layer thickness or concentration 
limits need to be reached to guarantee good results. HALS are regenerated rather than 
consumed during the stabilization process and they are capable of providing long-term 
thermal and light stability.  
 
Pigments 
Pigments are added to a polymer to give the final product a desirable color, but must be 
chosen carefully as they often affect other properties of the polymer. Carbon black is 
often used as a UV-stabilizer.  
 
Other additives 
Flowing agents are added to improve flow characteristics during processing 
 
Release agents are added to improve mould release characteristics. 
 
Lubricant agents are added to lower the surface coefficient of friction of the finished 
product 
 
Sources: http://www.specialchem4adhesives.com,  
              McGraw-Hill, (1994) 
 

2.2.5 Plastics 
 
2.2.5.1 Nylon 
Nylons, also called polyamides (PA), offer a combination of properties such as high 
strength, toughness at low temperatures, stiffness, wear resistance and low friction 
coefficient. Most nylons are semi-crystalline polymers. 
 
All nylons absorb moisture from their immediate environment, eventually reaching a 
level that is in equilibrium with the relative humidity of the atmosphere. Moisture has a 

http://www.specialchem4adhesives.com
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plasticizing effect on nylons that increases flexibility and impact resistance, but also 
affects the dimensional stability negatively. The extent of the change in properties is 
significant with nylon-6 and -6/6.  
 
2.2.5.2 PP 
Polypropylene (PP) is a thermoplastic with low density, high melting point and good 
chemical resistance. It has lower crystallinity but higher tensile strength than PE. PP is 
used in a wide range of products since it is very versatile and at a moderate cost. 
 
2.2.5.3 Teflon 
Teflon, or correctly polytetraflouroethylene (PTFE), is practically insoluble and 
chemically inert to most chemicals. It has low frictional and good sealing properties. On 
the other hand, the tensile strength and creep resistance is relatively low. PTFE can be 
used as a filler in PP, for example, to improve the bearing properties. 
 
2.2.5.4 PVDF 
Polyvinylideneflouride (PVDF) has greater strength, wear resistance and creep resistance 
than other flouroplastics, and it has good chemical resistance, mechanical strength and 
temperature capabilities. PVDF is sometimes used for parts in PP and PTFE valves for 
design strength. The cost is relatively high. 
 
2.2.5.5 Polyethylene 
There are two main groups of polyethylene (PE), linear and branched. The density of 
branched PE varies with the grade of crystallinity and with the quantity of co-monomer 
used with ethylene. The greater the quantity of co-monomer, the lower the density. The 
density of branched PE, on the other hand, is regulated through changes in reactor 
pressure and heat. 
 
Sources, 2.2.5-9:  Campus Plastic, www.campusplastic.com 
                             McGraw-Hill (1994) 

2.2.6 Hot plate welding 
Heated tool welding is probably the simplest and most versatile plastic joining technique. 
Its uses vary from welding small components to large pipelines. The technique is 
described in figure 2.22. 
 

http://www.campusplastic.com
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Figure 2.22: The heat welding process 
 
The heated plates are usually flat, but more complex shapes can be used to weld a three-
dimensional joint profile. The heat is usually applied electrically by resistance heaters or 
sometimes by the use of hot gas or gas burners. The surface of the hot plate is usually 
coated with PTFE to prevent the adherence of molten plastic. The main welding 
parameters are the temperature of the hot plate, the heating time, the welding pressure 
and the welding time. 
 
Most thermoplastic materials can be joined using hot plate welding. Problems 
encountered when welding nylon are attributed to surface oxidation leading to poor joint 
integrity. If the correct procedures are followed, welds with joint tensile strengths equal 
to the parent material strength can be obtained. 
 
Heated tool welding is a relatively slow process, with weld times ranging from 10 
seconds for small components up to 60 minutes for parts with a large joint area. 
 
Source: Twi World Centre For Materials Joining Technology,  http://www.twi.co.uk  
 

http://www.twi.co.uk
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2.3 Injection molding 

2.3.1 Production 
Injection moulding is simular to press moulding used for metals. Experiences from the 
press moulding area are often made use of when designing an injection moulding 
machine. The method is suitable for products made in a large series, since the moulds are 
comparatively expensive. 
 
2.3.1.1 The injection unit: 
The injection unit consists of a screw that rotates in a cylinder. In the front of the cylinder 
is a check valve. Plastic granules are fed into the hopper at the back end of the cylinder. 
They are heated both due to internal friction and by electrical heaters placed around the 
cylinder, in addition the pressure increase due to the screw diameter increasing as it gets 
closer to the nozzle.  
 
When the melt reaches the nozzle, it has the correct temperature and is homogeneously 
mixed. The temperature is regulated by the electrical heaters and the rotation of the 
screw. Precise regulation of the temperature is essential, since the melt shall be as liquid 
as possible without being damaged by too high a temperature. 
 
 

 
Picture 2.23: Injection moulding machine 
 
2.3.1.2 The mould 
The mould often consists of two parts with a number of cavities. An injection system 
divides the melt into these cavities. The mould also has an ejection system and a cooling 
system. The mould is manufactured in steel, to manage the strain that the manufacturing 
of large series will result in. Since moulds are expensive, any mistakes in the design o f 
the product have to be discovered before manufacturing the mould. 
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2.3.1.3 The injection process 
Injection shall be as fast as possible and with constant velocity at the melt front. This 
results in that the screw speed has to be adjusted during the injection process, fast in the 
beginning and slower when the mould is getting filled. This is controlled by pressure- and 
distance sensors during the entire cycle. 
 
There are six major stages in the injection moulding process (Bertilsson): 
 
1. Clamping 
The clamping unit holds the two halves of the injection mould under pressure during the 
injection and cooling stages. 
 
2. Injection 
Plastic material is loaded into a hopper on top of the injection unit. The pellets feed into 
the cylinder where they are heated until they reach molten form. Once enough material 
has accumulated in front of the screw, the injection process begins. The molten plastic is 
inserted into the mould through a sprue, whilst the pressure and speed is controlled by the 
screw.   
 
3. Dwelling 
This is a pause in the injection process. The molten plastic has been injected into the 
mould and pressure is applied to make sure all of the mould cavities are filled. 
 
4. Cooling 
The plastic is allowed to cool to its solid form within the mould.  
 
5. Mould opening 
The clamping unit is opened, which separates the two halves of the mould.  
 
6. Ejection 
An ejecting rod and plate eject the finished piece from the mould. The unused sprues and 
runners can be recycled for use again in future parts. 
 
To increase the production rate, mould temperature can be decreased. The part will cool 
faster, but the quality might decrease since the meeting between the cold mould wall 
(~50oC) and the warm melt (~200oC) will create stress and orientation in the part. 
 
The cycle time is mostly settled by the cooling time and by the ejection strengths by the 
parts. A general rule of thumb is that the cooling time is the square of the wall thickness. 
 

2.3.1.4 Tooling 
The tooling used in injection molding is made of steel, and consist of blocks with cavities 
that are clamped together during the process. Thin runners lead the molten plastic into the 
cavities.  
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The tools are usually dedicated to a single component design, but family tools can be 
made to produce similar components by changing cavities and cores in order to reduce 
capital cost.  
 

     
Figure 2.24 Family tool  
 

2.3.2 Construction guidelines 
Uniform wall thickness 
Parts should be designed with a minimum wall thickness consistent with part function 
and mould filling considerations. The thinner the wall, the faster the part cools which 
results in shorter cycle times. Thinner parts also results in smaller amounts of plastic used 
per part. Both of these generate lower part costs. 
 
Thick sections cool slower than thin sections. As the thick section cools, it shrinks and 
the material for the shrinkage comes only from the unsolidified areas, which are 
connected to the already solidified thin section. This builds stresses near the boundary of 
the thin section to thick section. Since the thin section does not yield because it is solid, 
the thick section (which is still liquid) must yield. Often this leads to warping or twisting. 
If this is severe enough, the part could even crack.  
Uniform walled parts are as easier to fill in the mould cavity, since the molten plastic 
does not face varying restrictions as it fills. 
 

 
Figure 2.25 Warping due to non-uniform walls. 
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Warping problems can be reduced by building supporting features such as gussets.  
 

 
Figure 2.26 Gussets used to reduce warping. 
 
 
When uniform walls are not possible, then the change in section should be as gradual as 
possible as shown in figure 2.32. 
 

 
Figure 2.27: Poor practice in the change of section thickness 
 

 
Figure 3.28 Gradual change of section thickness. 
 
Coring can help in making the wall sections uniform, and eliminate the problems 
associated with non-uniform walls, for example sinking.  
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Figure 2.29: A thick wall section will sink  Figure 2.30: Coring can help in making wall sections 

uniform. 
 
 
Sinking 
Sinking is caused by intersecting walls of non-uniform wall thickness. Examples of these 
are ribs, bosses, and other projections of the nominal wall. If these projections have 
greater wall thicknesses, they will solidify slower. The region where they are attached to 
the nominal wall will shrink along with the projection, resulting in a sink in the nominal 
wall.  
 
Sinking can be minimized by maintaining rib thicknesses to 50 to 60% of the walls they 
are attached to.  
 
Bosses located at corners can result in very thick walls causing sinks. Bosses can be 
isolated using the techniques illustrated.  
 

 
Figure 2.31: Boss design to eliminate shrinkage  
 
Radius 
Sharp corners greatly increase the stress concentration. This can often lead to failure of 
plastic parts. Sharp corners can come about in non-obvious places. Examples of this are a 
boss attached to a surface, or a strengthening rib. These corners need to be supplied with 
a radius, just like all other corners. The stress concentration factor varies with radius, for 
a given thickness.  
 
In addition to reducing stresses, fillet radiuses provide streamlined flow paths for the 
molten plastic, resulting in easier fills.  
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Typically, at corners, the inside radius is 0.5 x material thickness and the outside radius is 
1.5 x material thickness. A bigger radius should be used if part design will allow it.  

 
Figure 2.32: Sharp corners should be avoided in the design. 
 
Draft 
Drafts in a mould facilitate part removal from the mould. The amount of draft angle 
depends on the depth of the part in the mould, the type of material and its required end 
use function. The draft is in the offset angle in a direction parallel to the mould opening 
and closing.  
 
It is best to allow for as much draft as possible for easy release from the mould. As a 
nominal recommendation, it is best to allow 1 to 2 degrees of draft, with an additional 
1.5° minimum per 0.025 mm depth of texture. 
 

 
Figure 2.33: The draft angle   
 
Textures and lettering can be moulded on the surfaces as an aesthetic aid or for 
incorporating identifying information, either for end users or factory. Texturing also 
helps hide surface defects such as knit lines and other surface imperfections. The depth of 
texture or letters is somewhat limited, and extra draft needs to be provided to allow for 
mould withdrawal without marring the surface. 
 
Sources:  Rees, Herbert. 1996. 

www.efunda.com 
 

http://www.efunda.com
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2.4 Standards 

2.4.1 Standard organisations 
There is a wide range of standards that apply to plastic products that are in contact with 
potable water, some of them specifically stating requirements for plastic valves. In recent 
years, it has become a competitive advantage to fulfil these standards in the struggle for 
market shares. Different continents have their own standards, and when competing 
worldwide, it is important to meet the standards in the target market.  
 

 
 
Standards Australia International, AS, and Standards New Zealand, NZS, are both 
divided into committees that develop the standards. Often these organisations cooperate 
over the country borders. 
 

 
 
The International Organization for Standardization, IS0, is a worldwide federation of 
national standards bodies. The work of preparing International Standards is normally 
carried out through IS0 technical committees. Standard requires approval by at least 75 % 
of the member bodies casting a vote. 

 
 
The Canadian Standards Association (CSA) develops standards under the name Canadian 
Standards Association, and provides certification and testing under the name CSA 
International.  
 

 
 
The American Society for Testing and Materials, ASTM, is an organization that provides 
development and publication of standards for materials and products. ASTM is divided 
into committees, each of which covers a subject area, that develop the standards.  
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2.4.2 Important standards for plastic valves 
AS 4796-2001 Water supply—Metal-bodied and plastic-bodied ball valves for property 
service connection 
This Standard specifies requirements for metal-bodied and plastic-bodied ball valves for 
installation between the reticulation water main and the property water meter in nominal 
sizes DN 15, DN 20, DN 25, DN 32, DN 40 and DN 50, with the valve operating at 
continuous working pressures not exceeding 1.6 MPa, and continuous operating 
temperatures not exceeding 60°C. 
 
AS/NZS 4020:2002 Testing of products for use in contact with drinking water 
The Standard requires that products intended for use in contact with drinking water be 
tested by exposure to extractant waters. Where appropriate, a scaling factor is applied to 
such tests to compensate for differences between laboratory and field conditions. 
 
ISO 8242:1989 Polypropylene (PP) valves for pipes under pressure  
This International Standard specifies the series of diameters to be used and the basic 
dimensions which are common to all types of polypropylene (PP) valves for pipes under 
pressure for the transport of fluids, regardless of their method of manufacture and 
composition. 
 
ISO/DIS (DIS=Draft International Standard) 16135.2  
Industrial valves - Ball valves of thermoplastic materials 
This European Draft Standard specifies requirements and tests for ball valves of 
thermoplastic materials for isolating service, for control service, and to divert/mix fluids. 
This standard is applicable to hand or power operated valves to be installed in industrial 
pipe systems, irrespective of the field of application and the fluids to be conveyed. 
The requirements specified by this standard concern the design, functional characteristics 
and manufacture of ball valves, their connection to the pipe system, the body materials 
and their pressure/temperature rating between - 40 °C up to + 120 °C, for a lifetime of 25 
years. 
 
ISO 9080-2003 Plastics piping and ducting systems —Determination of the long-term 
hydrostatic strength of thermoplastics materials in pipe form by extrapolation 
This International Standard describes a method for estimating the long-term hydrostatic 
strength of thermoplastics materials by statistical extrapolation. 
The material is tested to have a lifetime of 50 years at a temperature of 20 °C using water 
as the internal test medium. The outside environment can be water or air. 
The method is applicable to all types of thermoplastics pipe at applicable temperatures. It 
was developed on the basis of test data from pipe systems.  
 
The information in this chapter (2.4) is gathered from homepages of the standards 
organizations and directly from the standards. 
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3. METHOD 

3.1 Systematic Problem Solving 
Problem solving in the context of product development ought to be carried out in a 
systematic way that at the same time encourages a creative process. This project has 
partly been pursued according to the systematic problem solving method presented in 
(Hamrin and Nyberg 1993). This method divides the process into six distinct steps. 
  

3.1.1 Information gathering 
In this opening phase the aim is to create a theoretical base for the project. All available 
facts about current product are gathered. It is critical for the product development process 
that all facts are correct and that no generalizations are made at this stage. The 
information gathering is an ongoing process during the project; complementary 
information will doubtlessly be needed further on.  
 

3.1.2 Problem definition 
Clarification of the task. At this stage the problem is thoroughly formulated and 
delimitated so that there is no doubt about what the outcome of the project will be. 
 

3.1.3 Problem Investigation 
In this phase the problem is carefully investigated; this is achieved through splitting up 
the problem, analyzing the elements and establishing function structures. This activity 
leads to the formulation of a requirements list, a document that will serve as a base for 
the following work and that has to be updated continuously.  
 

3.1.4 Idea Generation 
At this stage the problem is to be solved through generation of ideas. Brainstorming, the 
Delphi-method and the 635-method are commonly used to find suitable working 
principles.  
 

3.1.5 Idea Evaluation 
The idea evaluation is meant to determine the value of each solution with respect to 
evaluation criteria derived from the requirement list and general constraints. First of all 
totally unsuitable proposals are eliminated, after that the concepts are weighed in a 
systematical way until only a few promising concepts remain. 

3.1.6 Concretization 
In general it is hard to assess a working structure until it is transformed into a more 
concrete representation. This concretization involves selecting preliminary materials, 
producing a rough dimensional layout, and considering technological possibilities. 
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3.2 The Requirement List 
A requirement list is a living document that not only reflects the initial position but, since 
it is continually reviewed, also serves as an up -to-date working document. When setting 
up a requirement list, it is essential to state whether the individual items are demands or 
wishes. This is very important at the evaluation stage. Demands are requirements that 
must be met under all circumstances; solutions not meeting these are not acceptable. 
Wishes are requirements that should be taken into consideration whenever possible. 
Requirements should, if possible, be quantified and described in the clearest terms 
possible. 

3.3 Brainstorming 
Brainstorming is a method of generating a flood of new ideas. It was originally suggested 
by Osborn, and relies on stimulation of the memory and on the association of ideas that 
has never been considered in this context before. 
 
The group must have a leader and consist of 5-15 people; it should not be confined to 
experts but be made up of open-minded people from as many different spheres in life as 
possible. The leader of the group should only act as a leader when it comes to 
organizational problems. Their task is to outline the problem before the brainstorming 
and to make sure that the rules are observed and that the atmosphere remains free and 
easy. 
The group structure should not be hierarchical since that may lead to censoring of such 
thoughts that might give offence to superiors or subordinates.  
 
Procedure 
-All participants must try to shed their intellectual inhabitations and avoid rejecting as 
absurd, false, embarrassing or stupid any ideas expressed spontaneously. 
-Criticizing is not allowed.  
-All ideas should be written down, sketched out, or recorded on tape. 
-All suggestions should be concrete enough to allow the emergence of specific solution 
ideas.  
-Initially the practicability of the suggestions should be ignored. 
-A session should not last for more than 30 to 45 minutes. Experience has shown that 
longer sessions produce nothing new. 

3.4 635-Method 
Rohrbach developed brainstorming into Method 635, a very useful method to develop 
good ideas. The disadvantage of this method, compared to brainstorming, is that the 
creativity of each participant may be reduced due to the lack of group activity. Method 
635 is based on six participants who familiarize themselves with the task, each of them 
writes down three rough solutions in the form of keywords. After some time, the 
solutions are handed to the participant’s neighbor who reads the paper and adds three 
more solutions or developments of the existing solutions. This is repeated until each set 
of suggestions has passed five other participants. Hence the name of the method. 
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3.5 Delphi Method 
Brainstorming is performed in smaller groups. Each group agrees to present one or two 
ideas to the others. After the presentation, each group continues to develop one idea 
which is not necessarily the original one. There has to be no prestige between the 
participants, and borrowing ideas from the other groups is allowed. The aim is to reach 
the point when both groups feel that they can not take the process any further. This 
method generates at least two thoroughly worked ideas.  

3.6 Idea Matrix / Classification Scheme 
Systematic presentation of data is helpful in two respects. It stimulates the search for 
further solutions in various directions and it facilitates the identification and combination 
of essential solution characteristics. The usual two-dimensional scheme consists of rows 
and columns of parameters used as classifying criteria. Figure 3.1 illustrates the general 
structure of classification schemes when parameters are provided for the rows only. 
These classification schemes, or idea matrixes, help the design process in many ways. In 
particular, they serve as design catalogues during the search for solutions and they help in 
the combination of sub-solutions into overall solutions.  
 

  
 

 

3.7 Function Structures 
During the problem investigation phase, the problem is split up into sub-problems. The 
sub problems are analyzed and specified. Various methods can be used for this purpose. 
One of them is to establish function structures. This means looking for overall functions, 
sub-functions and supportive functions. To be consistent, each function is named with a 
verb plus a noun. 
 
Analyzing the product structure function is one activity of a product. The interpretation of 
the word activity is wide in this case and it is described as the task of the product, which 
will make sure that it fulfills the demands or wishes that people may have on it. 
 

• The overall function is what the product is made for in the first place.  

Figure 3.1  Idea Matrix 
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• Sub- functions are functions that together form a higher order function. 
• Supportive functions are functions that support the use of the product, the 

attraction or the manufacturing of the product without being necessary for the 
overall function.  

3.8 Criteria Weighing 
After identifying evaluation criteria, their relative contribution to the overall solution 
must be assessed. The evaluation criteria retained are given weighting factors which must 
be taken into consideration during the subsequent evaluation step. A weighing factor is a 
real positive number. It indicates the relative importance of a particular evaluation 
criterion. 
 
Classical criteria weighing is a useful method to identify the areas of priority during the 
product development process.  
 
All identified criteria are listed on both axis of a triangular matrix (Figure 3.2). Every 
criteria is compared against all the others just once. If the criteria on the horizontal axis is 
deemed to be more important than the criteria on the vertical axis, the square where they 
meet get the value two. If they are deemed equally important the square get the value one 
and if the vertical axis criterion is of greater importance the square get the value zero. No 
criterion is ever compared to itself; that square is used for the negative sum of each 
column. Finally, every row is summed up and a correction term is added. To receive the 
weighing factor, the sum of that particular row is divided with the total sum of all the 
rows. 
 
 

  
 
 
Objectives Tree 
Hierarchical classification, or an objectives tree, can be constructed to facilitate closer 
identification and better assignment of the weighting factors and the parameters of the 
variants. Figure 3.3 illustrates the procedure. Here, the objects have been set out on four 
levels of decreasing complexity and provided with weighing factors. The evaluation 
proceeds step by step from a level of higher complexity to the next lower level. Thus the 

Figure 3.2 Criteria Weighing 



World Valve -Development of an outdated valve range                                                               
to meet current standards and market requirements.        

 37 

three sub-objectives O11, O12 and O13, of the second level are first weighted with respect 
to the objective O1. The sum of the weighting factors for any one level must always be 
equal to one. Next comes the weighting of the objectives of the third level with respect to 
the sub-objectives of the second level. The remaining objectives are treated in similar 
fashion. The relative weighting of an objective at a particular level with respect to the 
objective O1, is found by multiplication of the weighting factor of the given objective 
level by weighting factors of the higher objective levels. Such step-by-step weighting 
generally produces a realistic ranking because it is much easier to weight two or three 
sub-objectives with respect to an objective on a higher level, than to confine the weighing 
to one particular level only. 

O1

1,0      1,0

O11
0,5      0,5

O12
0,25      0,25

O13
0,25      0,25

O111
0,67      0,34

O112
0,33      0,16

O121
0,34      0,09

O122
0,33      0,08

O123
0,33      0,08

O1111
0,25     0,09

O1112
0,75      0,25

O1211
0,5      0,04

O1222
0,5      0,04

O1

1,0      1,0

O11
0,5      0,5

O12
0,25      0,25

O13
0,25      0,25

O111
0,67      0,34

O112
0,33      0,16

O121
0,34      0,09

O122
0,33      0,08

O123
0,33      0,08

O1111
0,25     0,09

O1112
0,75      0,25

O1211
0,5      0,04

O1222
0,5      0,04

 

 

3.9 Conceptual Evaluation 
The first step in any evaluation is drawing up a set of objectives from which evaluation 
criteria can be derived. Generally, such objectives are obtained from the requirement list 
and from general constraints. Usually, they differ greatly in importance. An evaluation 
should never be based on individual aspects such as production cost, ergonomics or 
environment, but should, in accordance with the overall aim, consider all aspects in the 
appropriate balance. 
 
A range of objectives should, as completely as possible, cover the decision-relevant 
requirements and constrains. They must also be as independent of one another as 
possible; that is, provisions to increase the value of one variant must not influence its 
values with respect to the other objectives. 
 

Figure 3.3 Objectives tree 
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Based on the objectives, evaluation criteria can be derived. These criteria must be given a 
positive formulation, for example “low noise” not “loudness level”, this is important for 
the subsequent assignments of values. 
 
Technical and economical characteristics should be considered as early in the process as 
possible. At the firming-up phase, however, it is not usually possible to give the costs in 
figures. Nevertheless, the economic aspects must be taken into consideration. 
 
During the conceptual phase, the total number of evaluation criteria should not be too 
high: 8 to 15 criteria are usually enough according to G. Pahl and W.Neitz (Springer-
verlag London 1996) 

3.10 Weak Spot Detection 
Weak spots can be identified from below-average values for individual evaluation 
criteria. Careful attention must be paid to them, particularly in the case of promising 
variants with good overall values, and they ought to, if possible, be eliminated during 
further development. The identification of weak spots may be facilitated by graphs of the 
sub-values where the lengths of the bars correspond to the values and the thickness to the 
weightings. It is essential to improve those sub-values that provide a greater contribution 
to the overall value than the rest; for example, the evaluation criteria that has an above 
average bar thickness but a below average bar length. Apart from a high overall value, it 
is important to obtain a balanced value profile, with no serious weak spots.    
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4. PERFORMANCE 

4.1 Information gathering 
Extensive information gathering was performed at the initial stage of the project. 
Literature studies were made in the fields of material science, valve selection and 
industrial standards and the internet was used for benchmarking purposes and for 
database searching.  
 
Dialogues with Philmac personnel have been useful throughout the project; especially the 
informative sessions in the tool room and in the test laboratory. The close contact with 
the Product Development department has been very useful.   
 
To learn more about the injection molding process and the design limitations that comes 
with that, simulation computer software has been used. And to study the assembly 
process, situation studies and hands on experience were used. 

 

4.2 Problem definition 
“To design a new range of plastic valves intended for the municipal market. The valve 
shall not restrain the water flow and will only be intended for on-off function. The life of 
the valve ought to be at least fifty years and the flexibility that today’s end caps offer has 
to be retained.” 

 

4.3 Problem investigation 
At this stage a requirement list was set up to help clarify the task. The areas considered in 
this initial requirement list (Appendix 1) are geometry, forces, material, ergonomics, 
production, quality, assembly and costs.   

4.3.1 Current situation analysis -Fundamentals 
The valve range must be adaptable to meet the various configuration requirements in 
different markets. As such, the ability to produce alternative end connections as well as 
alternative handles is essential. A standard valve platform may not be possible because 
standards compliance, a specific configuration, size or cost constraint required in a 
market may necessitate an alternative or dedicated product. 
 
There are four main valves that need to be designed: 
 
1. A main stop or corporation stop valve that enables connections to the water main 

to be turned on and off. These valves need to be compatible with the installation 
techniques and equipment used in various countries. They may be directly drilled and 
tapped into the main using tapping machines or connected via a tapping saddle using 
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drilling equipment. The valve would need to be resistant to side load and impact. 
This valve is most often used only once, and that is when it is connected. It is then 
always in an open position 

 

2. A curb stop valve which enables the service line to be switched on or off at the 
property boundary. These valves may need to be compatible with special tools for 
opening or closing the valves, typically when they are buried below the frost line in 
cold countries. This valve is used by the water supply company when they need to 
turn the water on or off for an estate. 

 

3. A meter stop valve which enables the water supply to be switched on or off at the 
water meter. These valves may require a means of locking the handle. This valve is 
the most frequently used; it is easy to access and is used by the persons residing in 
residence. 

 

4. A general purpose valve  to enable the water supply to be switched on or off. This 
type of valve is not intended to be used to limit the flow of water.  The valve will 
have female threads at either end. 

 
As Philmac export 50% of its manufactured products, the need for knowledge about the 
different countries’ water supply systems is essential. 
 
4.3.1.1 Countries with a cold climate: 
In cold countries like Canada, North America, and northern Europe, the valves are placed 
below ground and deeper than the frost level. This also means that meter stop valves are 
placed inside the building. Access to the curb stop is reached through a small shaft and 
maneuvered with a stick from above ground.  

 
Figure 4.1: Water supply system in cold countries. 
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4.3.1.2 Countries with a warm climate: 
In warm countries like Australia, the meter stop is placed above ground level, outside the 
house. The pipes and valves above ground are made of metal, usually copper, due to the 
fact that plastics degrade in UV- light.  

 
 
Figure 4.2: Water supply system in warm countries 
 
4.3.1.3 UK, Japan: 
In the UK and Japan, the curb stop is placed under ground, but instead of having access 
through a small shaft, a boundary box is built through which access is reached. The main 
stop valve is designed as a combination with a saddle. 
 

 
 
Fig 4.3: Water supply system in UK and Japan 
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4.3.1.4 Connecting the main stop valve 
There are different ways of connecting the main stop valve to the main pipeline. 
 
Metal: When the pipeline is made of metal, the valve is connected to the main through a 
threaded hole. 
 
 

 
 
Fig 4.4: Installation of a metal valve 
 
Plastic: When the pipe is made of plastic the valve must be connected with a saddle. The 
plastic pipe will burst if a hole is drilled in it. 
The saddle is fastened around the pipe, the drill is passed through the valve and the 
saddle and then the hole is drilled trough the pipe. 
 

 
Figure 4.5: Connection to a plastic pipeline with a saddle 
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4.3.2 Valve construction -parts and material 
4.3.2.1 Parts 
The valve is a floating ball valve. The parts in the construction are: 
 
 

 
 Figure 4.6: Valve Body 

 
 
 
Valve Body, figure 4.6  
This is the part that holds the construction together. It has female threaded ends, and a 
hole on top to fit the spindle. The hole has to be post processed, that is chamfered on the 
inside in order not to harm the o-rings when assembling the spindle. The body is made in 
Nylon -6, 30% glass-filled. 

                   
Figure 4.7: End Caps 

 
End caps, figure 4.7  
Are available in many different designs but all of them are screwed into the valve body. 
The position of the end caps regulates the tightness of the ball. Between the end caps and 
the body there is an o-ring to seal the construction.  The end caps are made in Noryl, 
PPO/PA Resins, reinforced with 10% glass fiber.  
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Figure 4.8: Seal 

Seals, figure 4.8 
The seals have a spherical shape on the inside to fit against the ball. On each seal there is 
an o-ring to seal towards the end cap. The seals are made of Polycomp, PTFE filled 
Polypropylene. 
 
 
 

 
 Figure 4.9: Ball 

Ball, figure 4.9 
The ball has to be post processed in order to get a perfect spherical shape and achieve a 
suitable surface finish. That can not be achieved when injection moulded, since the wall 
thickness is non uniform. The ball has a dovetail at the top to fit the spindle. The ball is 
made of Polycomp, PTFE filled Polypropylene. 
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Figure 4.10: Spindle 

 
Spindle, figure 4.10 
The spindle has two o-rings to seal against the body and a dovetail to fit into the ball. It is 
the dovetail connection that prevents the spindle being pushed out of the body by water 
pressure. The spindle is made of Noryl (PPO/PA), reinforced with 20% glass fibres. 
 
 

 
Figure 4.11: Handle 

 
Handle, figure 4.11 
The handle is big for ease of use and turns 90°. Stops to prevent it from turning further 
are incorporated in the body design. The handle is jo ined to the spindle with a stainless 
steel screw that is then hidden with a small plastic cap. The handle is made of 30% glass-
filled nylon -6. 
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4.3.2.2 Material 
Nylon 6 -The trade name for the nylon 6 used for the body and the handle are Ultramid® 
B3G6 Q205. The number six means that the polymer is polymerized from a monomer 
with six carbon atoms. The polymer is reinforced with 30% glass fibres. 
 
Noryl -The trade name for the plastic used for the end caps and the spindle is Noryl GTX 
GF 820/810. 820 when 20% glass filled and 810 when filled with 10% glass fibres. Noryl 
is a complex plastic, it is a modified PPO/PA alloy (PPO=polyphenolene oxide, 
PA=polyamide). PPO is in turn an alloy between PPE (polyphenylene ether) and PE, and 
PPE at last is an alloy of PP and PE.  
 
Polycomp -Polycomp 6007 is PP filled with 20% Teflon (PTFE) and is used for the ball 
and the seals for low friction and toughness. 

 
Figure 4.12: Valve and Materials 
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4.3.3 Assembly 
The design of a product does not only have a major influence on the costs and the quality 
of the production of components, but also the cost and quality of the assembly. The 
assembly of valves at Philmac is inefficient and time consuming. The current assembly 
process is described below. 
 
 
 
 
 
 

1.  
        Figure 4.13: Spindle 
    and O-rings  
 

 
 
 
 
 
1. Two lubricated o-rings are manually slipped on to the spindle (figure 4.13).  
2. The hole for the spindle is checked for remains from the chamfering on the inside 

of the body and the spindle is inserted by hand into the body and pulled into the 
hole. 

3. The ball is inserted into the valve body and slipped onto the dovetail of the 
spindle and the handle is turned 90 degrees, so that the ball ends up in its open 
position (fig. 4.14). 

4. The end caps are prepared with lubricated o-rings. 
5. All the components are placed in proper order into a 

rotating assembly machine. At first, an end cap is 
located on a spigot, it is followed by another o-ring, 
a Teflon seal, the valve body with the ball in its 
open position, another seal and o-ring and finally 
the remaining end-cap. The machine is closed and 
the parts are rotated together under pressure (fig 
4.14).  

6. At the next station, the handle is forced onto the 
spindle using a rubber hammer and fixed with a 
metal screw. A drilling screw driver with pre-set 
torque is used to ensue the screw is not over-
tightened, otherwise, damage to the spindle may 
occur.                                                                              Figure 4.15: Assembly order. 

 
Depending on the market requirement 10 to 100 % of the valves are tested. For some 
orders the joints are glued or the valve is supplied with nuts or other details.       
 

Figure 4.14: Open position 
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Figure 4.16: Valve Assembly Department at Philmac Pty Ltd 
 

            
Figure 4.17: Assembly of end caps and body       Figure 4.18: Assembly of handle 
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4.3.4 Problem analysis 
Cost is too high because: 

Valves use expensive engineering materials.  
Especially for the ball and the seals, polycomp is a very expensive material. And for 
the rest of the parts, nylon is more expensive than PP for example. 

 
Molded components have post-molding operations.  
This is valid for the ball and the body. The ball is machined in order to get a perfect 
spherical shape, and the hole for the spindle in the body has to be chamfered on the 
inside in order not to harm the o-ring on the spindle. 

 
Assembly is time consuming.  
The assembly is performed in multiple directions, and that makes it difficult and 
expensive to automate. 

 
 
Tolerance stacking of the components causes variation in ease of valve operation and 
adversely affects its sealing ability.   
This is due to many components in a row (end cap, o-ring, seal, ball, seal, o-ring, end 
cap). 
 
Handles can turn on the spindle. 
The joint between the spindle and the handle is too weak, and lets the handle spin if the 
force becomes too great. Figure 4.19 shows the shape of the cross-section area for the 
spindle.  
 

 
Figure 4.19: Cross-section of the spindle 
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The spindles rise out of the ball dovetail, causing leaks or preventing the valve from 
turning.  
Figure 4.20 shows a cross-section area of the ball and particularly the dovetail design. 
The encircled areas will eventually yield due to the fact that all plastics creep, allowing 
the spindle to rise out of the ball. 

 
Figure 4.20: Weak areas in the dove tail design 
 
End caps can be inadvertently unscrewed during infield assembly, causing leaks.  
Since the end caps are threaded into the body, it is possible to inadvertently unscrew 
them. The risk increases with time, since the plastic will creep, and with that, the threads 
grow weak. This is particularly a problem when disconnecting the valve from the pipe, 
since the end cap is threaded to the pipe as well as the body and when trying to unscrew 
the pipe-end cap, the end cap-body threads starts to unscrew instead. 
 
The nylon valve bodies absorb moisture and expand, causing a reduction in seal 
compression and sealing ability.  
Nylon will absorb moisture to a saturation point, if immersed in water. The amount of 
moisture will affect physical, mechanical and dimensional properties. It is only after they 
have absorbed moisture that nylon moldings attain optimum toughness and constant 
dimensions. For glass reinforced products, increase in length is about 0.1% in direction of 
flow for each 1% of moisture absorbed 
 
Flexing of seals in larger sizes prevents the valve from opening fully, or gives poor 
operational feel to the valve.  
The thicknesses of the seals are not adapted to the various sizes of valves. For the larger 
valves the seals are to thin, causing the seals to flex when the ball is turned. This results 
in an inert feeling at the end of the turn, forcing the user to increase the torque in order to 
fully open the valve.  
  
The valve is produced from materials that do not conform to ISO 9080, and as such, will 
not meet the requirement of long term (50 years) performance.  
In order to meet increasing competition, Philmac wants to conform to the ISO 9080 
standard. 
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4.3.5 Establishing function structures 
In the process of establishing function structures, the first step is to identify the functions 
of a valve. The overall function is, in this case, regulating water flow, and the sub-
functions identified are: 
 
-stopping water flow 
-offering full- flow 
-withstand pressure 
-transmit force  
-convey potable water 
 
The full function structure is to be found in Appendix 2. The supportive functions, which 
increase the value of the product without being necessary for the overall function, are 
also listed here.  

4.3.6 Criteria weighing 
To analyze the problem and rank the func tions, classical criteria weighing was 
performed. The identified sub- and supportive - functions were listed as criteria, while the 
higher order and the overall functions were left out, since interference between the 
criteria is not desirable. (Appendix 3) 
 
The nine criteria that got the highest score in the weighing are all essential for the valve 
design, and were at this stage, regarded as the minimum demands for the project. The 
functions not belonging to that group were listed in priority order: 
-withstand Chlorine 
 -Prevent Contamination 
 -Resist Wear 
 -Allow Manual Handling 
-Resist UV 
-Resist External Force 
-Allow Uniform Wall Thickness 
-Offer Good Feeling 
-Minimize Number of Parts 
-Minimize Material 
-Show Direction of Water flow 
-Appeal to the Eye 
-Minimize Tooling Costs 
 
At this point, three main areas of interest were identified; How to stop the water flow, 
How to keep configuration flexibility and How to construct a valve for easy assembly. 
The project group made the decision to concentrate the idea generation work to these 
areas.   
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4.4 Idea Generation 
The idea generation procedure started within the project group with internal discussions. 
As a next step, a brainstorming session was held at Philmac with five participants from 
CAMR, UniSA, two representatives from Philmac, two production engineering students 
and the authors of this thesis. Three issues were considered using three different methods. 

4.4.1 How to stop a water flow 
Using classical brainstorming as Osborne suggested, the question “how to stop a water 
flow in a pipe“ was considered. The participants were given the sketch of a pipe and the 
flow direction of the water and were encouraged to come up with as many ways as 
possible to stop the water flow. The aim with this exercise was first of all to start the 
creative thinking of the participants, but since the valve construction business is fairly 
conservative, there was also a possibility to find new solutions in this field.   

4.4.2 The assembly problem 
Method 635 was used to consider the assembly problem. Here the participants were asked 
to not concentrate too much on the principals of the valve (i.e. ball valve, plug valve etc) 
but to think about how it can be assembled, and what parts that could be integrated. The 
ideal solution for automation purposes would of course be one assembly axis, and the 
participants were aware of this before the session started. A discussion followed this 
session and everyone presented the ideas they had in front of them, because the group 
was too big to pass the ideas a full revolution. A few new ideas came up here, and the 
method was very useful for this kind of exercise. 

4.4.3 The flexibility problem 
Today’s valves have different end caps that are screwed into the valve body. This enables 
adaptation of the valves to different piping system and standards. Threaded end caps 
made in plastic material is not an optimal solution, but nevertheless, the valve must keep 
its flexibility in application. This is referred to as the flexibility problem. The Delphi 
Method was used to find and develop new ways to solve this problem. Ideas treated in 
this phase were over-molded designs, end caps molded together with the body and 
alternative bonding methods. 
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4.5 Conceptual design 
To summarize the result of the brainstorming and the information gathering an idea 
matrix was set up. Appendix 4. The matrix, or classification scheme, consisted of four 
rows; stop water flow, flexibility, joints and assembly, and up to thirteen columns with 
various solution ideas. This matrix served as the base for the next phase, the concept 
combination. 

4.5.1 Concept combination 
To create working systems that fulfilled the overall function, several ideas were 
eliminated because they did not seem appropriate for fulfilling specified requirements. 
That is, they were either not full- flow or full-bore or they used materials currently not 
available on the market. The idea matrix was used as a combination scheme, and only the 
compatible solution ideas were combined. The outcome of this combination process was 
around 40 rough concepts. A stylized sketch language (figure 4.21) was used to list all 
these concepts. 
 
 

  
 
Figure 4.21: Sketches from the concept combination step 

4.5.2 Concept elimination 
To reach down to a more manageable number of concepts, all totally unsuitable proposals 
were eliminated and so were all those that did not fulfill the demands of the requirement 
list and those that were not suitable for the full series of valves.  
 
One promising idea that would decrease the number of parts, decrease the probability of 
leakage or failure and facilitate the assembly process, is to mould one or two of the end 
caps with the body, using interchangeable tools to keep the flexibility. At this stage, this 
was confirmed as a viable solution. Three tools would be needed; two with the most 
common end connections and one with interchangeable ends to manufacture the 
alternative configurations. Therefore, all concepts with two separate end caps were 
dismissed.  
 
Amongst the remaining concepts, a selection of the most promising ones was made after 
discussions with the Product Development Manager at Philmac. The aim was to keep to 
concepts different from each other, to bring as many ideas as possible to the next level of 
evaluation. 
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4.5.3 Concept development  
Sketches of the four concepts that remained after the elimination process are to be found 
in appendix 5. Brief explanations follow here: 
  

1. A plug valve with a half spherical bottom shape and two moulded end caps. The 
advantages with this valve are simple assembly and that it uses water pressure to 
hold the plug down and seal tight. 

2. A ball valve with no valve body consisting of two end parts joined us ing hot plate 
welding. The red areas demonstrate the weld line. The big advantage in this 
concept is the low number of parts. This concept was developed under the name 
Nobody. 

3. The trunnion-design top mounted ball valve offers an easy assembly. From here 
on referred to as the Top Concept. 

4. The Shell concept has one moulded and one threaded end cap. This is the concept 
that is most similar to today’s valve and also the cheapest alternative. The shell-
shaped stopper makes the valve a one way valve, but it also facilitates the 
production process and minimizes the use of the expensive material in the ball. 

 

4.5.4 Elimination 
At this point, engineering drawings and prototypes from earlier projects were studied. 
One conclusion from tests made on the prototypes was that it is hard to get plastic plug 
valves to work properly for prolonged periods due to time related plastic deformation 
causing leaks. This is apparent in the market place, where currently, there are no plastic 
plug valves available for high pressure applications, and for this reason, concept number 
one was dismissed. 
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4.5.5 Development 
The Top Concept  
 
 

 
Figure 4.22: The top concept 
 
The end caps of the Top Concept are molded in one part with the body and the assembly 
is performed from above. Ball, seal, spindle, top-cap and handle is a preassembled unit, a 
cassette, which is inserted from above.  
 
The top-cap was initially outside threaded and 
considerably smaller as shown in appendix 5. 
Evidentially it takes an inside threaded cap to hold the 
valve body together under pressure. The top cap 
design also changed during the development process, 
to avoid differentiation in wall thickness and the dip in 
the cap is supported by ribs. It takes a rather big hole 
to inset the cassette from above, because of the   
rectangular seal. This implies an increased size valve  
body, figure 4.22, compared to today’s design. A                Figure 4.23: Reduced flow 
solution to this problem that was considered was to  
make the hole smaller; this would dramatically decrease the size of the valve body figure 
4.23. Unfortunately, a valve that is not full flow can not make it on the market and this 
idea was dismissed. 
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The spindle is inserted from the inside of the top-cap, which also serves as a support for 
the spindle when the pressure is high inside the valve. The bottom part of the spindle has 
a rectangular shape, that slides in a groove in the ball. The handle and the spindle snap 
together, to avoid extra parts i.e. metal screws or plugs.  
 
The ball is spherical with a hole through its centre, same internal dimension as the valve 
body. The trunnion-design from the original concept was discarded, in advantage of a 
floating ball. The ball has a groove for the spindle.  
 

 
Figure 4.24 Seal, foldable design 
 
As seen in the side view, the seals are not supported all the way around, only on the 
bottom half and at the top, where they are supported by the top-cap. Deformation of the 
plastic seal occurs and the function of the valve degenerates. A new seal was designed to 
better distribute the pressure from the body and the top-cap and it also proved to 
strengthen the cassette function. 
 
 
A stop that allows a 90 degree rotation is placed in the bottom cavity of the valve body, 
and a matching hole is produced in the ball. On a majority of ball valves available today, 
the stop is placed on the top, where the handle is. Since the top-cap of this concept is 
threaded, it is not suitable as a stopper. The advantage of a stop as near the water flow as 
possible is that it minimizes the risk of leakage or malfunction due to deformed spindle or 
spindle-handle connection.  
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The Nobody Concept 
The Nobody Concept can be described as a ball valve, with a reduced number of parts 
and no real body, hence the name. 
 

                  
         Figure 4.25 Nobody Concept     Figure 4.26 Snap fit 
 
The Nobody Concept consists of two end parts heat-welded together. The compression on 
the internal components required to achive a seal, is achieved during the welding/cooling 
phase. The weld line was originally placed not far from the middle of the valve, but to not 
damage the assembly, it was moved outside the sealing area. 
 

 
The spindle and the handle is one part. This component is 
assembled from above and it snap fits and locks to the valve 
body. The snap fit has the shape shown in figure 4.26. The 
rectangular cross section slides along the groove in the ball 
and the barbs locks to the top of the valve body.  
 
In the locked position of the valve, the ball is floating. It is 
spherical with a hole through its centre, same dimension as 
the valve body, and a groove for the spindle parallel to the 
hole.  

 
 
A slightly rotated ball- spindle-handle assembly seals just as well as a today’s valve but it 
would open the possibility for a single axis assembly, if it proved possible to move the 
joint to the middle of the valve. A number of suggestions were drawn up, but the idea 
was ruled out because no joining method was found suitable for this application and 
threads would take up too much space to really make any improvement for the assembly. 
See figure 4.27. 

Figure 4.27 Rotated assembly 
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The Shell Concept  
This is the concept most similar to today’s 
construction. It has one molded end cap and one 
threaded. The assembly process is much the same as 
today, with the spindle inserted from inside, the shell 
slides on to the spindle and the cap to seal the 
assembly. The handle is fitted to the spindle with the 
same or similar methods as today, i.e. a metal screw 
and a plastic plug to cover the screw head. The end 
face of the spindle is changed to avoid spinning of the 
handle. 
 
At an initial stage, this concept used three parts plus two o-rings to seal the assembly, (as 
seen in the exploded sketch below). Development of the concept led to a reduced number 
of parts; in the final concept only two parts and one o-ring are needed to lock the shell to 
its location. The advantage with screwing the assembly together is that the pressure on 
the shell can be pre determined.  

 
 
 
The shell is a simplification of a floating ball, the two thirds of a sphere forms an 
adequate one way stop. Its uniform wall thickness makes the part ideal for injection-
molding and reduces the costly after machining operations. This construction also uses 
less material than a full ball, and since this generally is the most expensive material in the 
valve, this saving is considerable.  
 
Overall this concept is estimated to be the cheapest to produce, but the level of innovation 
is not very high. 

Figure 4.28 The Shell Concept 

Figure 4.29 The shell-exploded view 
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4.5.6 Criteria weighing 
 An evaluation involves a comparison of concept variants. The identifying of evaluation 
criteria is based, first of all, on the requirement list. Since a number of the requirements 
are minimum requirements, every solution not fulfilling these are already dismissed and 
they are not considered as evaluation criteria. The requirements that are considered are 
those fulfilled or partly fulfilled by one but not all concepts, in this case, nine criteria of 
varying importance. 
 
Based on the criteria weighing, presented in Appendix 6, the following list of criteria was 
set up. The criteria are listed in priority order, with the most important first. The 
difference in importance is not extremely large; a shortage in any field could lead to the 
failure of a concept. 
 
-good material properties 
-low material consumption 
-low number of parts 
-low number of assembly axis 
-satisfactory man machine relationship  
-low variety of production methods 
-possibility for maintenance 
-possibility for different flow directions 
-low complexity of the parts 
 

4.5.7 Concept comparison 
At this stage, the three concepts were compared to each other and to the present Philmac 
ball valve. An overview of a general comparison is to be found in Appendix 7 (For 
comparison, the Philmac valve was assigned the values medium complexity of parts and 
complicated assembly. The other concepts are assigned estimated values relative to the 
ones for the Philmac valve). Based on this comparison and on the evaluation criteria from 
the preceding chapter, a concept evaluation matrix was set up (Appendix 8). 
 
According to this evaluation, the Top concept proved to be the strongest one, followed by 
the Nobody concept and the Shell concept. The Philmac valve came last, mainly due to 
the poor material properties and the problematic assembly. 

4.5.8 Weak spot analysis 
The relatively even result between the Top and the Nobody concepts from the concept 
weighting led to further comparison of the two concepts. Weak spot analysis was 
performed and value profiles for the two concepts were drawn up (Appendix 9). No 
critical weak spots were identified, and even though the differences between the two 
concepts were not major, the project group saw no reasons to not continue developing the 
leading Top concept. 
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5 RESULT 

5.1 Final concept 

5.1.1 Parts 
Body 
The body and the end caps are molded as one part in a family tool. This makes it possible 
to maintain the flexibility of different end caps, but eliminates the problem with 
inadvertently unscrewed end caps.  
The hole through which the seal-ball cassette is inserted is semi-rectangular see figure 
4.20, and at the bottom, a stopper is molded to prevent the ball from turning more than 
90°. 

 
Figure 5.1: Body 

 
Seal 
The seal is designed as a cassette to fit around the ball. The top area meeting the top cap 
is as big as possible, in order to distribute the force from the top cap evenly. This will 
prevent the seal to be deformed, and by consequence, flex into the hole of the ball. 
 

 
Figure 5.2: Seal 
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Ball 
The ball has a groove perpendicular to the hole, that will allow the ball to move with the 
flow of water when it is in the closed position. In the bottom is a cavity, to fit with the 
stopper in the body. This allows a 90° turn of the ball. 
 

 
Figure 4.3: Ball 

 
 
Top cap 
The top cap is designed with uniform wall thickness and is the part that keeps the 
construction together. It is threaded onto the body and holds the seal-ball cassette in 
place. Gussets are used to strengthen the construction. 
 

 
Figure 5.4: Top-cap 
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Spindle 
The spindle is designed with a stopper, to prevent it from rising out of the body. It has a 
snap fit to join to the handle and a rectangular shape to fit into the groove of the ball.  
 

 
Figure 5.5: Spindle 

 
Handle 
The handle has a snap fit to the spindle, but otherwise, the design of Philmac’s bright 
blue handle of today is retained to assist the customers in identifying the new valve as a 
Philmac product. 
 

 
Figure 5.6: Handle 

 

5.1.2 Materials 
A material comparison has been conducted. A database, www.campus.com, was used to 
search for suitable plastics and a Supplier, Ticona, provided details about the plastics. 
After comparison and discussions with the company, Polypropylene proved to be the 
material most suitable to replace Nylon-6. A comparison between the two is to be found 
in Appendix 10.   
 

http://www.campus.com
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5.1.3 Assembly  
This concept uses one assembly axis, which is ideal for automation.  
 
 

 
Figure 5.7: Assembly 

 
Two sub-assemblies are inserted in the opening in the centre of the valve. The first 
subassembly consists of the ball with the seal wrapped around the ball. The square shape 
of the seal fits into the opening in the body and the tool that inserts the subassembly into 
the valve body keeps the ball in its upright position, through locking into the groove.  
 
The second sub-assembly, spindle/top cap/handle, is provided with rubber o-ring and 
subsequently inserted into the valve body. The spindle fits into the groove on the ball and 
the top cap is screwed onto the body with a pre-set torque. 
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6. DISCUSSION 
The project 
An extensive information gathering made the basis for this project. The field was initially 
little known to us, but the Philmac personnel have been very helpful in providing 
information and assistance during the entire project. We have been guided through the 
project and information has been provided little by little, in order to not inhibit fresh ideas 
and to avoid directing our minds towards traditional thinking. 
 
The poor design of the valves has been an issue for the company for a long time. Thanks 
to that, we have received a lot of input in the form of other people’s ideas and suggestions 
concerning design, material and processing. The valve is usually a concealed device and 
it is not frequently used. As a result of this, the product of this project is mainly designed 
with the manufacturing process in mind, and even though user- friendliness and aesthetic 
properties have been taken into consideration, it has not been the main focus.  
 
We think that one big advantage with the new concept is that the end caps are moulded 
together with the body; it is a solution that utilizes the possibilities of the plastic material 
better than the original threaded end caps.  
 
Another major issue during the project has been the assembly. It is seen as a big 
advantage if the assembly has the potential of automation, therefore, a lot of effort has 
been directed into solving how to assemble the valve in one direction only.   
 
Whether the aim; to construct a plastic valve with a lifetime of 50 years, has been reached 
is impossible to state. But a concept with all the necessary qualities to succeed has been 
developed and a continuation of this project would involve more detailed construction, 
prototyping and testing. 
 
Material 
We have tried to find a material that corresponds to the standard ISO 9080, which states a 
lifetime of 50 years, but have found it hard to gain information about long term 
performances for specific plastics. This could be because the standard is fairly new and 
the test methods require several years. 
 
It is also hard to make a comparison between different plastics since there are multiple 
test methods for the same characteristics, and the cost is not easily found since it is a 
question for negotiation. There is also a wide range of different plastics on the market of 
which several are customized plastics with very specific properties, known as 
Engineering Resins. 
 
In order to get further and accurate information, a dialog with suppliers should be 
initiated. They have the best knowledge about the possibilities of creating a customized 
plastic to suit this type of valve. 
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Standards  
F 1970 – 01    An American National Standard 
 
AS 1628-1999  Water supply Metallic gate, globe and non-return valves. 
AS 2638.1-2002  Gate valves for waterworks purposes.  
AS 2638.2-2002  Gate valves for waterworks purposes 
AS 3952-2002  Water supply—Spring hydrant valve for waterworks purposes 
AS 4796-2001  Water supply—Metal-bodied and plastic-bodied ball valves for 

property service connection 
AS/NZS 3707:2001  Method for testing pressure cycling resistance of pipes and fittings. 
AS 3496-1999  Metal-bodied and plastic-bodied taps. 
AS 4795-2002  Double- flanged butterfly valves for waterworks purposes 
AS 6401-2003  Knife-gate valves for waterworks purposes 
AS/NZS 4020:2002  Testing of products for use in contact with drinking water 
 
ISO 5208:1993  Industrial valves - Pressure testing of valves 
ISO 8242:1989  Polypropylene (PP) valves for pipes under pressure - basic 

dimensions - metric series. 
ISO 9393-1:2004  Thermoplastics valves for industrial applications – pressure test 

methods and requirements 
ISO 9393-2:2004  Thermoplastics valves - Pressure test methods and requirements 
ISO 8233:1988  Thermoplastics valves – torque – test method. 
ISO 8659:1989  Thermoplastics valves – fatigue strength – test method. 
ISO/DIS 16135.2  Industrial valves - Ball valves of thermoplastic materials 
ISO/DIS 16137.2  Industrial valves - Check valves of thermoplastic materials 
ISO/DIS 16139.2  Industrial valves — Gate valves of thermoplastic materials 
ISO/DIS 16136.2  Industrial valves — Butterfly valves of thermoplastic materials 
ISO/DIS 16138.2  Industrial valves — Diaphragm valves of thermoplastic materials 
ISO/DIS 21787.2  Industrial valves — Globe valves of thermoplastic materials 
 
B125-01   Plumbing Fittings  
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PHILMAC Requirement list for plastic valves 2004-2005 Appendix 1

Changes D/W Requirements Rsp Requrimentlist
1. Geometry

w size: as small as possible
d Female threded ends
d Full-flow
d Full-bore
d Manually operated on/off
w Uniform wall thickness
w Generous radius
d drafts

2. Forces
d 1600 kPa water pressure
d 60 C
w Impact resistant

3. Material
d Plastic
d 50 yrs lifetime
w zero deformation
d chemical resistant
d UV-resistant
d non-transparant
d suitable for potable water

4. Ergonomics
w Easy to install
w Good feeling turning handle

5. Production
d Injection-mouldable
w low cost tooling

6. Quality
d Leakproof
d 50 yrs lifetime (construction)
d tight shut-off
d meeting standards

7. Assembly
w minimum number of parts
w assembly from one direction
w minimum handling time
w automatization

8.  Costs
w minimum tooling costs
w minimum production costs



Overall function:

Regulate water flow

Stop 
Water flow

Offer
Full-flow

Stand
Pressure

Keep tight Keep pressure

Transmit force Convey pot water

Stand humidity Stand chlorine Prevent 
contamination

A
ppendix 2

O
bjectives tree  2:1



Supportive functions

Attract costumers Resist aging

Stand UV

Stand temperature

Resist external force

Resist wear

Facilitate production

Allow uniform
wallthickness

Minimize number 
of parts

Offer FI-threaded ends

Offer full-bore

Offer good feeling

Show flow direction

Allow manual handling

Appeal to user

Appeal to the eye

Minimize costs

Minimize toolingcost

Mnimize material
Facilitate
assembly

A
ppendix 2

O
bjectives tree  2:2
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allow uniform wallthickness 0 2 2 2 0 0 2 0 0 0 2 0 0 0 0 0 0 1 0 0 0 1 0 2 0 14 0.025 2.5

minimize parts -2 2 1 0 0 2 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 2 2 10 0.018 1.8

minimize toolingcosts -4 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 2 0.004 0.4

minimize material -3 0 0 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 2 6 9 0.016 1.6

offer FI threded ends 0 1 2 1 1 1 2 1 1 1 1 2 2 2 2 2 1 2 2 2 8 37 0.067 6.7

offer full-bore -1 2 1 1 1 2 1 1 1 1 2 2 2 2 2 1 2 2 2 10 37 0.067 6.7

appeal to user -12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 12 2 0.004 0.4

stop waterflow -2 1 1 2 1 1 1 1 2 2 2 2 2 1 2 2 2 14 37 0.067 6.7

offer full-flow -3 1 2 1 1 1 1 2 2 2 2 2 1 2 2 2 16 37 0.067 6.7

transmit force -4 2 1 1 1 1 2 2 2 2 2 1 2 2 2 18 37 0.067 6.7

offer good feeling -13 0 0 0 0 0 0 0 0 0 0 2 0 2 20 11 0.020 2.0

facilitate assembly -5 1 1 1 2 2 2 2 2 1 2 2 2 22 37 0.067 6.7

keep pressure -6 1 1 2 2 2 2 2 1 2 2 2 24 37 0.067 6.7

keep tigth -7 1 2 2 2 2 2 1 2 2 2 26 37 0.067 6.7

stand humidity -8 2 2 2 2 2 1 2 2 2 28 37 0.067 6.7

stand chlorine -18 1 1 1 1 0 2 1 2 30 21 0.038 3.8

prevent contamination -19 1 1 1 0 2 1 2 32 21 0.038 3.8

stand UV-ligth -23 1 1 0 2 1 2 34 18 0.033 3.3

resist  wear -21 1 0 2 1 2 36 21 0.038 3.8

resist external force -22 0 1 1 2 38 20 0.036 3.6

stand temperature -9 2 2 2 40 37 0.067 6.7

show direction of waterflow -35 0 1 42 8 0.014 1.4

allow manual handling -25 2 44 21 0.038 3.8

appeal to the eye -42 46 4 0.007 0.7

Sum: 552 1 100.0
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Appendix 5 
-Sketches of four concepts  



Reliable Valve
1,0       1,0

Easy production
0,4      0,4

Good material
0,4      0,4

Easy handling
0,2      0,2

Low no of components
0,35      0,14

Low complexity
0,1      0,04

Good material properties
0,6        0,24

Low material consumption
0,4        0,16

Easy assembly
0,35      0,14 Few production methods

0,2        0,08

Possibility of flow directions
0,2        0,04

Possibility of maintenance
0,2        0,04

Satisfactory man-machine
Relationship
0,6        0,12

Weighting Evaluation Criteria:
Good material properties 24%
Low material consumption 16%
Low no of components 14%
Easy assembly 14%
Satisfactory man-machine relationship 12%
Few production methods 8%
Possibility of maintenance 4%
Low complexity 4%
Possibility of maintenance 4%

A
ppendix 6

W
eighting evaluation criteria



TOP
§ Two-way valve
§ 6 parts
§ High complexity
§ Easy maintenance 
§ Good feeling turning 

handle
§ Easy assembly, 

automatisation possible
§ Injection moulding and 

after machining of ball
§ Suitable material

NOBODY
§ Two-way valve
§ 6 parts
§ Low complexity
§ Maintenance not 

possible
§ Good feeling turning 

handle
§ Medium complicated 

assembly
§ Injection moulding, after 

machining of ball and 
hot plate welding

§ Suitable material

SHELL
§ One-way valve
§ 7 parts
§ Medium Complexity
§ Maintenance 

complicated
§ Very good feeling 

turning handle
§ Complicated assembly
§ Injection moulding
§ Suitable material
§ Low material 

consumption for the 
shell

Philmac Valve
§ Two-way valve
§ 8 parts
§ Medium complexity
§ Maintenance 

complicated
§ Bad feeling turning 

handle
§ Complicated assembly
§ Injection moulding, after 

machining of ball and 
chamfering of hole

§ Water-absorbing 
material

A
ppendix 7

C
onceptcom

parsion



Appendix 8
Concept weighting

Evaluation criteria weight     TOP  NOBODY   SHELL PHILMAC
possible flow directions 0.04 4 0.16 4 0.16 2 0.08 4 0.16
low no of parts 0.14 4 0.56 4 0.56 3 0.42 2 0.28
low complexity 0.04 2 0.08 4 0.16 3 0.12 3 0.12
maintenance possibility 0.04 4 0.16 1 0.04 2 0.08 2 0.08
satisfactory m-m ralationship 0.12 3 0.36 3 0.36 4 0.48 2 0.24
easy assembly 0.14 4 0.56 3 0.42 2 0.28 1 0.14
simple production methods 0.08 3 0.24 2 0.16 4 0.32 3 0.24
low material consumption 0.16 2 0.32 3 0.48 3 0.48 2 0.32
good material properties 0.24 3 0.72 3 0.72 3 0.72 1 0.24

SUM: 1 3.2 3.1 3 1.8
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Weak spot analysis 
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ultramid B3G6Q205 celstran PP-GF30-04 celstran PEHD-GF60-01 polycomp 6007

Standard Nylon -6 PP PE PP+PTFE
cost $/kg 5.35 4.87 2.87 11.97
density ASTM D792 kg/dm3 1.35 1.12 1.27 1.04
cost $/liter 7.22 5.45 3.64 12.45
Tensile strength ASTM D638 Mpa 90/58 95 90 29
Elongation ASTM D638 % 3-6 2.3 1.6 40
Flexural strength ASTM D790 MPa 200 160 88 ?
Flexural modulus ASTM D790 MPa 4500 7000 9000 1080
Notched izod 23'C ASTM D256 J/m 50/100 ? 296 27
HDT @ 0.46 Mpa ASTM D648 °C 220 ? ? 86
HDT @ 1.82 Mpa ASTM D648 °C 210 148 121 ?
water absorption % 1-3 ~0.1 ~0.3

UV-resistance very good poor
bearing properties good poor
chemical resistance good good
potable water ok ok
ability to colour ok ok
injectionmouldable ok ok

dry/cond price appx price appx

M
aterial
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