
  

2010 

Av: Erik Magnusson, Johan Schedwin 

University of Skövde 

2010 

Examiner: Dr. K. Mauritsson 

Mentor: Docent L.Y. Ljungberg 

Development of solar water 
heating system 
 



[University of Skövde]                                                          [School of Technology and Society] 

 
 

[2010] Page 2 

Abstract 
 

This report includes development of an already designed solar water heater. The 
product shall be constructed in a way that it will suit a manufacturing line in 
Kampala, Uganda. To find the most suitable design for each area a research was 
carried out which included study visits, interviews and background reading. It 
provided the following results: 
Regarding the attachment of in- and outgoing pipes from the water tank many 
methods were taken into consideration and it was found that the best and most 
suitable way for this case is to weld the fittings using a weld robot. 
Regarding the fitting of the acrylic, a suitable solution is to make a flange when 
vacuum forming the plastic casing to further support the design. This could also be 
used to waterproof the case by using a sealing material. A suggestion of using pre-
molded PU-foam is also presented. 
Regarding the ability to open the case for maintenance, two solutions were 
recommended. Either the use of spire clips or having the clips integrated into the 
casing.  
Regarding the calculation of material usage when deep drawing the tank and 
collector, it is possible to do a reasonably accurate assumption. The complicated 
design in this product makes the estimation less accurate. It is recommended that 
test draws are done and often the machine producer has more precise numbers. 
Regarding the coloring of the collector; chemical coloration is not possible on a 
galvanized surface. The method used is painting, either with powder coating or with 
wet paint.   
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1. Introduction 
This report is the result of a bachelor’s degree project; 
completed by two students at the University of Skövde, 
Sweden. 
 
A solar powered water heater is under development by 
Solaa Products Ltd. in Uganda. The company is 
recently started and is partly funded by the Ugandan 
government. Their interest in this project is due to the 
opportunity of gaining new technology to the country, 
apart from giving the possibility of employment to 
hundreds of people in Uganda. The first production will 
be carried out with machinery and buildings partly 
funded by the government in an “incubation business” 
like cooperation with Uganda Industrial Research 
Institute (UIRI).  
 
A solar water heating system includes water inlet, a 
collector, water outlet and an insulated storage unit. 
Figure 1.1 describes the water heating procedure in a 
similar system. 
 
The unheated water flows into the system due to 
pressure. The water is heated by the collector; when 
the warm rays from the sun hit its surface. The warm 
water rises into the insulated tank where the lowered 
density causes the heated water to stay at the surface 
while the cold water sinks to the bottom part of the tank; 
this is called an open-loop system. This phenomenon 
replaces the use of a pump within the system. 
 
Areas in the design of the solar heater are not yet 
decided on and ways to solve these issues are 
presented in the report. The main focus involves three 
different areas of the design. The fitting of the in-and 
outgoing water pipes, the sealing of the acrylic sheet 
that will cover the collector and how to in an elegant 
and reliable way be able to open the case. Other issues 
that will be presented involve the coloring of the 
collector and the material use needed when deep 
drawing the tank.  

 
 
 
 
 
 

Figure 1.1 
Water heating system. 
(Dayliff Ltd. sales brochures, 2010).  
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2. Project assignment / Background 
Solaa Products Ltd. is a Ugandan based company 
owned by English and Ugandan investors. The 
company has developed a solar water heater suitable 
for the African market. This means that the product is 
cheaper and simpler in its design than heaters found on 
the market today. However, it is hard to manufacture a 
cheap robust solar water heater without reducing the 
quality. The product is planned to be manufactured in 
Kampala, Uganda and the chosen manufacturing 
processes should therefore be adapted to work in a 
third world country. “The process needs to be quick and 
fool-proof”.  
 
The project has been divided into five main problems, 
each presented in its own chapter. 
 

1. Fitting of in and outgoing water pipes. 
2. Attachment of the acrylic sheet and the insulation 

of the tank. 
3. Opening of the casing. 
4. Material usage – deep drawing. 
5. Coloring of the sheet metal used for the collector. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter one includes the construction and the design of 
the pipe-fitting. It is an analysis of suitable ways and 
methods to attach the piping to the tank and a research 
of how manufacturers of similar products solve this. 
Finally it contains recommendations of how Solaa 
Products Ltd. can solve the attachment of the piping in 
their new product. 
 
Chapter two covers the attachment of the acrylic sheet 
and the insulation of the tank. It contains an analysis 

Figure 2.1 
Overview of system. 
(Solaa Products Ltd. 2010). 
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and a research of how this can be solved and how other 
companies solve these issues. The chapter also 
contains recommendations and suggestions of how 
Solaa Products can attach the acrylic sheet and 
insulate the tank in a suitable way. 
 
Chapter three contains a convenient solution of how the 
tank casing can be opened, if necessary. 
 
Chapter four covers the material usage during the deep 
drawing process. The chapter describes the process of 
deep drawing and shows how to estimate, by 
calculations, the material needed to create a specific 
known design.  
 
Chapter five includes a research of the possibility to 
color the sheet metal used for the collector. An 
experiment was carried out to see if it is possible to 
increase the efficiency of the water heating by changing 
the collector’s surface color.   



[University of Skövde]                                                          [School of Technology and Society] 

 
 

[2010] Page 9 

3. Pipe-fittings 
It will be necessary to join inlet and outlet pipes to the 
tank. The inlet pipe can terminate flush with or just 
inside the tank. These can be attached before or after 
galvanizing. The tank is 0.8 mm mild steel which later 
will be hot dip galvanized. The pipe is 20 mm diameter 
galvanized steel. The flange/pipe-fitting is yet to be 
sourced. The outlet pipe requires an extension to draw 
water from the top of the tank. What method would be 
most suitable for attaching the in and outgoing pipes? 
 

3.1. Analyses 

Different methods for attaching the inlet and outlet pipes 
have been studied and evaluated (see list below). A 
conclusion for which method to use is included.  
 

 Brazing, 

 High technology glues, 

 Bolted joints, 

 Welding. 
 

3.1.1. Brazing 

When using this method the two metals being joined will 
not melt but an added material, for example a silver 
alloy, with a lower melting point will be used to join the 
metals together (Timings, R-L. 1998). 
 
Brazing might be an alternative method to use. It is 
useful when doing relatively small production batches; 
this could be practical at the beginning stages of the 
production. Brazing could be made by hand using an 
alloy rod and a torch. This way of investing in expensive 
machinery can be avoided at an early stage. Another 
aspect that speaks in its favor is that brazing can be 
used on galvanized steel without causing poisonous 
gases. Soldering also causes fewer crevasses 
compared to resistance welding.   
 
However, brazing “uses” capillary forces; this means 
that a tight fit is essential for the brazing to work 
properly and the most common area where you use 
brazing is when joining pipes together.(Timings, R-L. 
1998). 
 
A strong joint demands a larger contact area for brazing 
compared to welding. Considering this when designing 
the flange will be important. Further, the cost of brazing 
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Figure 3.1  
Pipe fitted using brazing. 

 

Figure 3.2 
Pipe fitted using brazing 

 

can be relatively high due to the silver alloy used in the 
rod. A possible solution can be seen in the figures, 3.1 
and 3.2. 

3.1.2. High technology glues 

Gluing is a method that can be used instead of or as a 
complement to welding or bolted joints and it does have 
some advantages. 
 

 Different materials can be joined together, 

 It is corrosion resistant, 

 It is water resistant, 

 It has better resistance to wear since no screws 
or rivets are used, 

 It has good properties when it comes to softening 
disturbing noise and vibrations, 

 It doesn’t change the properties of the materials 
being joined. 
 

However the hot dip galvanization will be done at 460 
°C and for this project gluing is not a suitable method 
since glues that can withstand temperatures over 300 
°C are rare and therefore relatively expensive. If the 
gluing is done after the galvanization using glue would 
be possible, if the joint is not exposed to water. The 
water can seep in between the metal and the glue and 
cause the joint to loosen and fail. (Hoffman, J-M. Latest 
update 2007-11-8) 
 

3.1.3. Bolted Joints 

It is possible to use bolts to attach the pipe-fitting to the 
water tank. The bolt joint will press the sheet metal 
together and keep the fitting in its position. Using bolted 
joints or not, can be decided when looking at the 
production rate. If the production is relatively small, it 
would be convenient to use bolted joints because 
expensive equipment is not necessary and the needed 
material is often easy to acquire.  
 
When bolted joints are used in the auto industry the 
process is often semi or fully automated, this requires 
big investments. The disadvantages with bolted joints 
will be visible when the production is high or medium 
high. The material needed such as bolts, flanges and 
gaskets have to be purchased and kept in stock this 
increases the amount of money locked up. That cost 
together with the manual labor that the assembling 
process demands may not suit this production, at an 
early stage. 
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Figure 3.4 
The picture shows two 1x2 meter 
collectors and a 320 liters tank 
assembled and partly manufactured 
by Dayliff Ltd. in Nairobi, Kenya. 

 

Figure 3.3 
The picture shows a water tank 
manufactured by Dayliff Ltd. in 
Nairobi, Kenya. The pipe is attached 
by arc welding before the tank is hot 
dipped galvanized. 

 

 
 

3.1.4. Welding 

When looking into welding, the most likely method to 
use, field studies were done in both Kenya and 
Sweden.  
 
Today most system use a 3 mm thick galvanized steel 
sheet to produce the tank as compared to the 0,8 mm 
planned to be used in the heater from Solaa Products 
Ltd. The tanks produced in Kenya were all cylindrical 
and arc welding was used to join the tank and fittings 
together, see picture 3.3. Differences from the system 
covered in this report, are that the tank is separated 
from the collector and the collector is designed in a 
different way (area not allowed to show in the report), 
see picture 3.4. 
 
 
By doing the necessary welds before the hot dip 
galvanization one will avoid problems with poisonous 
gases and the joint will be more reliable to ware and 
corrosion. A problem when doing hot dip galvanization 
(HDG) is that trapped air will expand and can cause an 
explosion where the hot zinc can harm both people and 
equipment apart from damaging the material itself. 
(Adolfsson, S.2010-03-11).However this problem is 
solved by splitting the tank in two halves where the in 
and outgoing pipes will release any air trapped inside 
the tank. 
 
The relatively thin steel used in the tank might cause 
problems when welding due to the high temperatures 
which in turn might cause the material to melt, however 
this can be solved by using a cooling gas or by leading 
the heat away with a heat sink. (Torgin, M. 2010-04-09) 
 
There are different methods to attach the inlet and 
outlet pipes to the tank, the most obvious way might be 
to use a flange. This method needs adding of material 
and will thus increase the production costs. The flange 
will increase the resistance to ware. When welding to a 
thin steel sheet the high temperature will cause the 
metal to budge and this will create internal sheering 
stress. (Zomborcsevics, S. 2010-03-17) 
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Figure 3.5 
The figure shows the drilled hole 
which has been pressed out from 
the inside of the bottom part of 
the tank. 

 
 

Figure 3.7 
The figure shows the support pressed 
out from the sheet metal 

 

Figure 3.8 
The figure shows the possibility to add material 
to the design to create the support. 

 

Figure 3.6 
The figure shows the pipe fitting. As 
can be seen the material pressed 
out from the tank will work as a 
support for the pipe. 
 

3.2. Results 

To solve the problems mentioned above a radius can 
be created from the steel sheet itself. This is done by 
drilling a hole with a radius smaller than that of the pipe, 
this hole will then be pressed from the inside until it 
reaches the same radius as the pipe, see figure 3.5 and 
3.6. 
 
The pipe is then pushed in to the hole and welded in to 
place. This way the stress in the steel sheet will 
decrease and the resistance to ware will increase. The 
radius will also reduce the possibility of cracks evolving.  
To further increase the strength of the in and outgoing 
pipes, it would be beneficial to in some way support the 
pipe from the inside of the tank; to work against any 
possible bending moment. The possibility of upcoming 
bending moments in the joint is a huge problem when 
the sheet metal planed to be used is only 0.8 mm thick.  
Stress in the sheet metal may cause the metal to bulge 
and this can in turn cause the weld to crack and lead to 
leakage. 
 
This can be prevented by creating a support directly 
from the sheet metal, when doing the deep drawing of 
the whole bottom plate, see figure 3.7. This will only 
require a small modification of the original pressing tool 
(the punch). To further increase the strength a small 
weld could be used to fix the pipe on to the support. It 
should be mentioned that this is just a model. The final 
design of the support should be discussed with the tool 
manufacturer to insure that the material can withstand 
the extra tension and stress this procedure might 
cause. 
 
There are different ways to create the support; one idea 
might be to add material if the change of the pressing 
tool is not possible, see figure 3.8.  
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Figure 3.9 

 

Figure 3.10 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

View from the side 

View from above 
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Figure 3.11  
PPR pipes 

 

Figure 3.12 
Welding PPR 

 

Figure 3.13  
Solar system, Nairobi Kenya 

 

Figure 3.14 

 

When attaching the warm water heater to the water 
supply a garden hose or similar can be used to 
minimize the strain on the pipe fittings. A widely used 
method for attaching the heater to the water supply is 
by using PPR pipes (light plastic pipes). These are 
cheap, easy to join together and above all corrosion 
resistant. PPR is also used in-between fittings of 
different metals to avoid galvanic current corrosion see 
figure 3.11 - 3.13.  
 
Many of the producers of solar heaters today offer a 
stainless steel alternative to the hot dip galvanized tank. 
This is due to the high salt content of the water in some 
areas in Africa. The stainless steel is more expensive 
but it is necessary for conditions were the salt content is 
high. Giving this alternative to customers interested in 
products from Solaa would expand the possible market 
greatly. 
 

3.2.1. Corrosion 

Corrosion is an electrochemical reaction on metal, see 
figure 3.14.  
 

 

 

 

 

 

To use different metals in the construction is a factor 
that can lead to corrosion. The electrochemical potential 
differs between metals. If two metals are joined together 
the one with lower electrochemical potential will work as 
an anode and it will eventually appear corrosion in this 
area. The electrochemical differences are not only a 
disadvantage, in some cases can a metal with a lower 
potential be used as a sacrificial anode.  
  
A galvanized surface has a protection against 
corrosion. This protection is not 100 %. Welded joints, 
crevices and sections where dust and dirt can be 
gathered are all areas were corrosion might 
appear. This is also due to differences in the 
electrochemical potential. Figure 3.15 shows crevice 
corrosion. Similar potential differences can appear in 
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Figure 3.15 
Crevice corrosion. 

 

welded sections and in areas where dirt is gathering. 
(Ullman, E. 1997) 
 
However, some of these problems can be avoided with 
a “smarter” design and a high quality finish. Strong 
welds with low tolerances will reduce corrosion in 
welded joints. A sealed casing will protect the 
galvanized tank and collector from dirt which means it 
will protect the metal from possible upcoming corrosion. 
 
 A “smarter” design means that unnecessary crevices 
and welds should be avoided.(Boothroyd, G, Dewhurst, 
P and  Knight, W-A. 2001). 
 
The suggested pipe-support, inside the tank (see figure 
3.7 and 3.8), will add crevices to the design and be a 
possible area for corrosion. Nevertheless, a non-
supported pipe would create problems in the weld and 
according to studies this problem is more crucial. The 
whole system will break down if the joint of the pipe 
fails. A poorly supported pipe will also lead to a weaker 
weld, the weld will eventually crack and corrosion will 
be a problem. 
 
Instead, the support is recommended to be placed 
inside the tank to increase the stability in the design and 
increase the products overall life time. The support is 
suggested to be designed so that crevices are avoided 
and in a way that it can be attached to the pipe with a 
strong weld.  
 

3.2.2. Gas metal arc welding 

Why gas metal arc welding? 

Gas metal arc welding is a welding process that joins 
metals by heating them up to their melting point with an 
electric arc.  The arc is a continuous, consumable 
electrode wire and it is shielded from contaminants in 
the atmosphere by a shielding gas. The method is 
sometimes referred to by its subtypes MIG (Metal Inert 
Gas) and MAG-welding (Metal Active Gas). 
(Svetskommissionen. Available 2010-08-30) 
The process where the wire electrode is melted and 
deposited into the puddle is called the “mode of 
transfer”.  There are four modes of metal transfer, all 
based on the thickness, size and other characteristics 
of the welded material. (Millerwelds. Latest update 
2007-02-01) 
 

http://www.bokus.com/cgi-bin/product_search.cgi?authors=Geoffrey%20Boothroyd
http://www.bokus.com/cgi-bin/product_search.cgi?authors=Peter%20Dewhurst
http://www.bokus.com/cgi-bin/product_search.cgi?authors=Winston%20A%20Knight
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Figure 3.16 
(Millerwelds, 2010). 

 

Figure 3.19 
(Millerwelds, 2010). 
 

 

Figure 3.17 
(Millerwelds, 2010). 
 

 

Figure 3.18 
(Millerwelds, 2010). 

 

Modes of metal transfer: 

1. Short Circuit Transfer, 

2. Globular Transfer, 

3. Spray Transfer, 

4. Pulsed-Spray Transfer. (See figure 3.16-3.19) 

As mentioned earlier, the mode of transfer is based on 
the material chosen to be welded. 
 
To weld thin materials (0.8 – 3 mm) it is suggested to 
use Short Circuit Transfer. With short circuit metal 
transfer, wire feed speeds, voltages, and deposition 
rates are usually lower than with other types of metal 
transfer. Short circuit metal transfer is a very versatile 
transfer, which allows welding in all positions on all 
metal thicknesses. (Millerwelds, Latest update 2007-02-
01) 
 
A direct current power source (DC) is most commonly 
used, however, when welding thin materials it is 
sometimes recommended to use an alternative current 
power source (AC) to improve the weld. (Millerwelds, 
Latest update 2007-02-01) 
 
Gas Metal Arc Welding is generally easy to adapt to a 
robot or an automated system. 
(Millerwelds, Latest update 2007-02-01) 
 

3.3. Conclusion 

Depending on what the aim is for the production, 
different decisions based on the information given can 
be decided upon. If the aim is to get a labor intense 
production and the added cost compared to welding is 
not too great, bolted joints might be a choice. Brazing is 
also relatively labor intense however it can be more 
expensive then welding due to the silver alloy used in 
the rod and due to the cost of the flange needed when 
using this method. 
 
The high technology glue will not be recommended due 
to its limitations when heated. It is also a relatively 
uncommon method and studies conducted did not show 
this method being used when constructing galvanized 
water tanks. 
 
Our recommendation will therefore be to use welding to 
fit the in and outgoing pipes. It can be made by hand at 
an early stage in the production and when needed, this 
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can be switched to automation. It is relatively cheap and 
there is no need for added material in form of a flange. 
 
From studies conducted in Kenya some concerns 
regarding the design has occurred. In tanks used in 
systems already on the market the thickness of the 
steel is usually at least 3 mm thick. This seems to be 
the standard for galvanized tanks used for solar 
heating. When asked why they use this thickness, the 
answer often involved pressure resistance and the fact 
that it is easier to weld the in and outgoing pipes. A ten 
year warranty on new tanks was another reason for the 
thicker steel used. 
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4. Fitting of the acrylic sheet 
A clear acrylic sheet will need to be sealed into the 
upper half of the vacuum formed polymer case. The 
case is also lined with PU foam, which will need to be 
injected, and contained by a mold. It is intended that the 
foam can be used to seal the acrylic sheet into place, 
but the details of this need to be worked out. 
 
The Plexiglas above the collector is not only there to 
protect the metal from water, wind and other 
contaminations, its main purpose is to trap the sun rays 
to create a greenhouse effect. This will make the 
heating process more efficient even in cold weather. 
 

 

 

 

4.1. Analyses 

The initial suggestion from Solaa Products Ltd can be 

seen in figure 4.1. When studying this suggestion a few 

problems were discovered. 

 Having only the PU foam holding the acrylic 
sheet will probably not be reliable, what if 
someone steps or falls on it, will the foam then 
crumble?  

 The process of injecting PU foam directly into the 
plastic case will be hard to control. An inner wall 
must be created to keep the foam where it is 
wanted, 

 Water leaking into the system is not wanted 
since it could be trapped inside the plastic cover 
and there reduce the lifespan of the product. The 
acrylic sheet will have to be sealed in some way. 

4.1.1. PU-foam 

PU or PUR is a reactive process. The reaction is based 

on two major chemicals, polyol and isocyanate, but 

other ingredients might be added to get the wanted 

properties. There are two different methods of foam 

preparation: spray and pour. Spray is usually used for 

rigid foam insulation. The components are sprayed onto 

the surface where the fast foaming reaction occurs. 

When using the pour method, the ingredients are 

Figure 4.1 
Fitting of the acrylic sheet, 

initial suggestion. 
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poured into an either open or closed mold. If it is an 

open mold the resulting foam is called bun stock. If the 

cavity is closed after poring it is called molded.  

(McBrayer, R. 1994) 

Tanks that are insulated with injected PU-foam are 

often simple in their design, such as the cylindrical 

tanks that are used in many systems today, see figure 

4.2. The cheapest and most convenient would be to 

inject the foam, however it will then be necessary to 

make the casing double walled (to contain the injected 

PU-foam). Even with a double walled case the injection 

of PU will cause problems. Solaa want to have the 

ability to open the plastic case, covering the tank and 

collector, for maintenance and cleaning. If the foam is 

poured directly in to the case the design needs to be 

foolproof, if the foam is not sealed properly it will seep 

into areas where it is not wanted and work as a glue, 

making the case impossible to open.  

4.1.2. Vacuum forming 

A double walled casing demands a more complicated 

design which might lead to problems at the vacuum 

forming process. By using a simple design, big 

tolerances and rounded edges, many problems can be 

avoided.  It will be possible to keep down the cost at the 

vacuum forming process when less material and a less 

complicated form is needed. It is also possible to avoid 

stops and jams in the machine by keeping the design 

simple. 

According to Timings R-L (1998) the vacuum forming 

process has some limitations: 

 It is very difficult to control the wall thickness, 

especially near bends. 

 Compared to injection molding and compression 

molding processes, the dimensional accuracy is 

of a lower order. 

 Only components of simple shapes without sharp 

corners can be made.  

 

 

Figure 4.2 
Galvanized tank. 
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4.1.3. The acrylic sheet 

Studies of how the attachment, of the acrylic sheet, is 

made by other manufacturers were done to find a 

suitable solution. Other manufacturers use glue or a 

double-coated adhesive tape to fix the acrylic sheet. 

The upcoming gap between the casing and the acrylic 

sheet is often sealed with a rubber list and covered with 

a metal or plastic frame. The rubber list will protect the 

collector from water and the metal or plastic frame will 

cover from dust and dirt and increase the life span of 

the rubber. 

 

4.1.4. Maintenance and recycling 

The product has a life expectancy of approximately ten 

years; some maintenance might be needed, however. 

If cracks or some sort of damage will occur on the 

casing, repairing is easy using products accessible on 

the market, for example plastic padding. When doing 

this, the function of the solar heater will be the main 

aspect to consider and the looks will be secondary. 

The acrylic might get scratched our turn somewhat 

yellow after a few years. This can be solved by using a 

polish designated for the task. 

Corrosion on the galvanized parts may occur, due to 

the high salt content in some areas. This is best solved 

by adding the alternative of a stainless steel tank. 

The casing will be produced using a thermoplastic 

material; for example polypropylene (PP). If the 

insulation is formed outside of the casing the PP will be 

fully reusable. The acrylic sheet will not be recyclable 

but its resistance to wear sunlight and corrosion still 

makes this the most obvious choice for covering the 

collector. The remaining parts are all galvanized steel, 

which is recyclable after separation. 
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4.2. Solutions 

An alternative for using injected PU-foam, which will 

increase the production cost and the weight (due to the 

double walled casing) of the product, is to mold the PU 

foam outside of the case. The molded PU foam can 

then be transferred to the plastic case. This method is 

commonly used for insulation of water heaters. See 

figure 4.3. The insulation effect will increase when the 

foam covers all the wanted areas of the tank and the 

collector, and the inner wall that is needed for direct 

injection will not reduce the effect. 

To strengthen the fit of the acrylic sheet a flange could 

be used. This flange can easily be made during the 

vacuum forming of the plastic case. The flange will 

reduce the pressure of the PU foam and can also be 

used as an area to apply a sealer/glue or silicone to 

keep the acrylic in its place, see figure 4.4. The silicone 

or equivalent, will also work as a barrier keeping water 

or other contaminations from seeping in to the case. 

 

 

 

 

 

 

4.3. Conclusion 

By creating a flange, the manufacturing process will be 

both simple and sheep. However, the design of the 

flange should include soft edges and big tolerances. It 

is an easy operation for a worker to place a sealing-

tape or glue on the flange and thereafter put the acrylic 

sheet in its position. Using a frame that covers the seal 

and protects it from dirt and dust is recommended (see 

figure 4.5) if the water heater is installed in areas where 

this can be a problem.  

 

 

Figure 4.3 
Molded PU-foam. 

Figure 4.4 
Fitting of the acrylic 

sheet. 
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It is suggested to use molded PU-foam to insulate the 

tank, in that way the design of the casing can be kept 

simple and the vacuum forming process would not 

cause any problems. Other manufacturers are using a 

double-coated adhesive tape to seal and fix the acrylic 

sheet. It is suggested to use the tape because it is 

simple to handle and a chemical liquid like glue or 

silicone is not needed.  

 

 
 
 
 
 
 
 
 
  

Figure 4.5 
 Fitting of the acrylic sheet. 

Sealer –Glue or Tape 
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5. A way to open the casing 
The top and bottom case halves will need to be joined 
in a way that can be opened if necessary (for 
maintenance and cleaning). “Spire clips” and self-
tapping screws are the most obvious solution, but 
something more elegant would be preferred. One 
solution is to add the clips to the initial design and by 
that be able to create them when vacuum forming the 
plastic casing.  
 

5.1. Analyses 

The three alternatives described above have all been 
considered. And a conclusion will follow. 
 

5.1.1. Spire Clips 

Spire clips are widely used in the manufacturing 
industry, for example to attach dashboards in the auto 
industry. They are also used to attach components in 
TV´s and computers. The design of spire clips can vary; 
however, the main idea is to attach two components by 
tension. The clip is designed to hold/press the parts 
together as a spring and it is usually hold on its position 
by a screw, see fig 5.1 and 5.2.  
 
It is possible to adapt the use of spire clips to an 
automated assembling process. The fact that the spire 
clips are held by screws and easy to handle makes 
manual assembling an alternative as well. To simplify 
the attachment of the spire clip a groove can be either 
molded into the plastic casing or milled after the 
vacuum forming process. The groove will work both as 
a lead, to show where the clip should be placed, and as 
a support to keep the clip in its position. 
 
The user has to consider the price; this is a component 

that has to be bought in. However, it is a small 

component which does not require huge stocking 

space. (Designassemblies, Available 2010-08-30) 

 

5.1.2. Self-tapping screws 

A self-tapping screw drills its own hole and cuts its own 
threads. This is possible due to the design of the screw, 
see figure 5.3 

 

Figure 5.1  
 Screw (Flickr, 2010) 
 

 

Figure 5.2 
Spire clip (Auto Cad, 2010). 

Figure 5.3 
Screw (Flickr, 2010). 
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It is important to know the strength in the areas of the 
material where the screws are intended to be placed. 
The upcoming force when attaching a self-tapping 
screw will be concentrated to a small area which gives 
a risk for upcoming cracks and deformations. The 
screws should therefore be placed where the support is 
relatively strong and where it is enough material, so that 
the screw can get a grip in the material. 
 
Self-tapping screw can be used for both automated and 
manual assembling. The cost can be estimated to be 
slightly lower than for the spire clips due to the lower 
price of a single screw. 
 
The risk for cracks and deformation is an issue that 
should be taken into consideration. A future problem, 
that might occur when the casing has been opened and 
closed a couple of times, is that the plastic threads tend 
to wear out. 
 
“The threads will withstand for approximately five 
assemblies” (When using self tapping screws in 
plastics). (Berggren et al. 1997) 
 
 

5.1.3. Clips molded into the casing 

To increase the efficiency when assembling it is more 
and more common to integrate the “clips” or the 
“attaching element” into the design of the product itself.  
 
This will reduce one or more steps in the assembly 
process, the components intended to be used will easily 
be joined together without using any extra material. The 
method is widely used for plastics and can be seen on 
many electrical devices and toys. 
 
Figure 5.4 and 5.5 shows an example of how an 
integrated “attaching element” may be designed. 
 
Worth thinking of is that the “clip” has to be designed so 
that it can withstand the tension the snapping and 
unsnapping procedure will create. It is therefore 
important to place the clips where the design is sturdy 
and also to avoid small tolerances. 

 
 
 
 
 

Figure 5.5 
Clips 

Figure 5.4 
Clips 
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The following aspects need to be taken into 
consideration when selecting the material: 

 A material with a low Young´s modulus will 
simplify the assembling process, 

 A high Young’s modulus will make the joint 
strong, 

 The material should be resistant to changes in 
temperature. 

(Berggren et al. 1997) 

 

5.2. Conclusions 

When examining similar products it is possible to see 
that the trend goes toward the use of “integrated clips”. 
Clips that are molded into the casing are suitable for 
this application and might be the best alternative. 
Nevertheless, it should be known that this requires 
more out of the design; the tool used in the vacuum 
forming process has to be more complicated. If the 
casing has to be opened regularly the clips might 
eventually wear out. Avoiding this will be almost 
impossible without strengthening the design and add 
material, which will increase the costs. 
 
To use spire clips is convenient. A spire clip has its own 
support and will cause minimal wear on the casing. It is 
easy to attach the spire clip and easy to change it if 
necessary.  
 
Screws are not recommended due to the upcoming risk 
of cracks and deformations. As mentioned, it will be a 
problem with worn threads. 
 
Due to the estimated number of openings both 
“integrated clips” and spire clips could be considered in 
this case. A part from that the cost should be taken into 
consideration, to choose the least expensive alternative 
might be the way to go because this is an area that has 
little to do with the functionality of the heater itself. The 
esthetic differences, between “integrated clips” and 
spire clips are hard to determine without a small market 
research.  
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6. Material usage 
How to calculate the material required to create the 
upper and lower parts of the galvanized tank.  
 

6.1. Analyses 

6.1.1. Deep drawing 

Products and parts like pots, pans, water tanks and 

kitchen sinks are usually made by deep drawing. This is 

the process in which a punch forces a sheet of metal 

into a die to create the desired form. 

 

 

 

 

 

 

 

 

 

To achieve a good result it is crucial that the starting 

blank (sheet of metal to be used) size is correct. It has 

to be large enough to cover the needed material 

amount. On the other hand, it should not be too large so 

that material will not be wasted. (Kalpakjian, C-A and 

Petronis, S. 2001) 

6.1.2. Blank size determination 

A reasonable method for estimating the starting blank 

diameter for producing a round part (axisymmetric 

shapes), is to set up a formula based on the fact that 

the volume of the final product is the same as  that of 

the staring metal blank. The blank diameter, Db, can 

then be calculated by setting the initial blank volume 

equal to the final volume and from that equation solving 

the blank diameter Db. The thinning of the material is 

assumed negligible. See the example below. 

Figure 6.1 
Deep drawing 
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6.1.3. Estimation of blank diameter 

 

Volume cylinder:              
   

 

 
  

 

Volume blank:        
   

 

 
  

 

 

 

 

 

 

Db= Diameter blank 

tb= Thickness blank 

Dc=Diameter cylinder 

Hc= Height cylinder 

tc= Thicknees cylinder 

Assumption: tb=tc 

Volume blank is equal the volume of the final volume: 

Vb= Vc 

Therefore  

 

   
 

 
       

   
 

 
 

 

  
          

  

 

            
  

 

Figure 6.2 
Cylinder and blank 

http://tyda.se/search/assumption
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The estimation of the blank size becomes a bit trickier 

when the blank has a rectangular shape. The blank has 

to be clamped near its edges and get stretched 

lengthwise which allows the material to shrink in width. 

When deep drawing a round part the most of the 

pressure comes from just one direction, see figure 6.1. 

A rough estimation might be possible to do using the 

same method as shown in the prior example. The 

volume of the final product would be possible to find by 

weighing it and then use the materials density. Another 

factor that makes it hard to calculate the material usage 

is the variations in thickness between different batches 

of sheet metal. The thickness of a batch of sheet metal, 

generally, varies between 6-12 %, according to 

Professor Leo De Vin. 

 
However, the most common method to determine the 

extension and amount of material that a deep drawing 

operation demands is by testing. A reasonable 

assumption is that the machine manufacturer will have 

an approximate answer on how much material the 

machine needs to execute the operation. It is possible 

to reduce the material usage by doing a number of test-

draws and analyze the results from this. 

This is easiest done by sketching a circle pattern on the 

material and then analyze the areas that have the 

largest/smallest dislocations. This will give information 

regarding material usage and material choice and also 

indicate the most critical areas along the drawn 

material. 

An interview was made with Professor Leo De Vin to 

verify the assumptions made. 

According to Professor Leo De Vin, Intelligent 

Automation, there is no simple formula to calculate the 

material usages in a complicated design such as the 

tank.  “To estimate the material usage, it will require a 

simulation of the deep drawing.” He also mentioned that 

the machine manufacturer would have more information 

about the amount of material their machine demands.  
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6.2. Conclusion 

It is possible to estimate the amount of material needed 

in a deep drawing process. A complicated design will 

make the assumptions less accurate. Therefore, to 

minimize waste, test-draws are necessary. The 

tolerances will differ between the machine 

manufacturers. This means that some machines are 

more material-efficient than others. This should be 

something to consider when purchasing the equipment. 
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7. Coloring of galvanized steel 
Coloring the galvanized steel will increase the efficiency 
of the system, what methods can be used to achieve 
this? 
 

7.1. Analyses 

7.1.1. Coloring a galvanized surface 

A galvanized surface cannot be colored by a chemical 

treatment such as steel. Bluing is one common method 

to color and improve corrosion resistance on steel. It is 

an annealing process where the steel material is heated 

up to 400oC – 500oC. It is only possible to bluing steel 

or stainless steel. Because the Fe changes to Fe3O4, 

which is what gives the steel its blue/black color. Non-

ferrous materials such as zinc and aluminum are not 

possible to color by this treatment.(Budinski, K-G. 1988) 

 
 
 
 
 
 
 
 
 
 
 

 
Duplex is a method used to paint galvanized steel. The 
paint can be found as wet-paint or powder coating. 
Using wet-paint is the more profitable alternative. A big 
issue with this operation is that a galvanized surface 
must be very clean before any paint can be applied on 
it. This requires one more operation, abrasive blasting. 
The abrasive blasting, the material and manpower it 

requires, and the special paint will increase the 

production cost. (Jiwe. Available 2010-08-30) 

 
 

Figure 7.1 
Bluing (Flickr, 2010) 
 

http://www.amazon.com/Kenneth-G.-Budinski/e/B001HMYV3C/ref=ntt_athr_dp_pel_1
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7.1.2. Experiment 

The coloring of the collector and how this affects the 
efficiency of the solar heater. 
 
Object 
To determine how the coloring of hot dip galvanized 
steel influence the heating and cooling of a solar heater. 
An experiment is conducted. 
 
Material 

 Two hot dip galvanized plates (200x200x2 
mm),one colored and one untreated,  

 Two steel bowls,  

 Two electrical thermometers,  

 Two liters of tap water. 
 
Method 
 
Part one: The heating 
Two hot dip galvanized plates covers a bowl filled with 
water. One is painted black and one has an untreated 
surface. The starting temperature is noticed. 
The covered bowls are exposed to the sun next to each 
other, to give them the same initial conditions. 
Every 10 minutes the temperature is monitored. 
The experiment covers approximately three hours, two 
for heating and one for cooling.  
 
Part two: The cooling 
The bowls are moved to the shade, to let them cool. It is 
important that the water in the two bowls has the same 

Figure 7.3, the bowls insulated 

by sand 

Figure 7.4, the bowls covered 

with the two metal plates. 

Figure7.5, thermometers 

added to the bowls. 

Figure 7.2  

Painted galvanized steel (Jiwe, 2010) 
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temperature when the monitoring of the cooling process 
starts 
Every 10 minutes the temperature is monitored. 
All data is plotted in a graph. 
 
Theory 
The black surface will absorb more sunlight (energy) 
and therefore get warmer then the untreated surface, 
meaning that the temperature of the water under the 
black plate will rise faster. A layer of paint provides the 
bowl with an extra layer of insulation, which will lead to 
a longer cool off period. The insulation, however, is very 
thin and this might lead to that the affect is hard to show 
in this relatively easy experiment. 
 
Result 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 
Discussion 
The bowls were surrounded by sand (see figure 7.3) to 
insulate them and to avoid the different colors of the 
bowls to influence the results. A slight improvement in 
the heating of the water was noticeable with the colored 
plate. However, the way the experiment was setup 
meant that the water in the bowls evaporated and the 
experiment was inconclusive. After approximately 90 
minutes the metal plates no longer had contact with the 
water and therefore the ability to transfer the heat could 
not be proven in a relevant way. Further the thickness 
of the plates differed from the thickness in the collector 
of the solar heater; this might influence the results. 

Test 1 Uncolored Colored 

Min °C °C 

Start 20,1 20,2 

10 21,5 21,6 

20 23,1 23,7 

30 24,7 25,3 

40 26 26,7 

50 26,8 27,7 

60 27,9 28,9 

70 28,8 29,9 

80 29,5 31 

90 30,5 31,9 

100 30,6 32,6 

110 30,7 32,6 

120 30,6 32,8 

Test 2 Uncolored Colored 

Min °C °C 

Start 20,1 20,1 

10 21,4 21,5 

20 22,8 22,8 

30 23,9 24,1 

40 25,6 25,7 

50 26,4 26,9 

60 27,1 28,3 

70 28,2 29,6 

80 29,1 30,7 

90 30 31,4 

100 30,3 32 

110 30,5 32,2 

120 30,5 32,3 
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A better solution would be to use a tank or a closed 
loop to avoid evaporation; this would also be closer to 
the original design. The plates were donated by a 
company in Sweden and the experiment was conducted 
in Tanzania; no improvements were possible with the 
limited time and resources here.  

 

7.2. Conclusion 

It is not possible to change color on a galvanized 
surface with a chemical treatment. The only way to 
color a galvanized surface is to paint it with special 
paint.  
 
One type of paint used to do this is called Duplex. The 
increase in heat conductivity is greater than the affect of 
insulation caused by the thickness of the paint which 
was shown in the experiment. This was a concern from 
Solaa. However it is hard to say whether the increase is 
great enough to invest in machinery for coloring the 
surface of the collector, further tests are necessary.      
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8. Final result 
Here a conclusion of the results and the suggestions 
that are made in the report follows: 
 

 Pipe-fittings 
o A flange should be pressed out from the inside 

of the bottom part of the tank. This will 
increase the support and decrease stresses 
within the tank, when welding the pipe into its 
position. See figure 8.1. 

o It is also recommended to use a support 
inside the tank to improve the stability and 
work against shear forces in the joint, see 
figure 8.2. 

o Gas metal arc welding is suggested to be 
used to attach the pipe. The production rate 
should decide if it is automated or manual. 
 

 Fitting of the acrylic sheet 
o Pre-molded PU-foam is recommended to be 

used to insulate the tank. 
o It is preferable to position the acrylic sheet 

upon a flange to simplify the assembling. 
o Double-coated adhesive tape is suggested to 

be used to attach the sheet and to seal the 
system (make it “waterproof”). 

o A covering frame is recommended to increase 
the life time of the sealed joint, by protecting it 
from dirt. 

 
 
 
 
 
 
 
 
 
 
 
 

 A way to open the casing 
o It should be possible to open the casing for 

service and maintenance, it is recommended 
to use clips, when manufacturing the casing. A 
spire clip or an “integrated clip” will make the 
assembling efficient and fool-proof and the 
opening procedure very simple. 
 

Figure 8.1 
Pipe-fitting 

Figure 8.2 
Pipe-fitting 

Figure 8.3 
Fitting of the acrylic sheet 
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 Material usage 
o To estimate the material needed in a deep 

drawing process is possible. However, it is not 
possible to calculate the material needed 
when deep drawing the tank (plus collector) 
that is presented in the report. The design is 
too complicated and there are  still factors 
which remain unanswered, for example; exact 
material choice, the quality of the material and 
the machinery. 

o The chosen machine deliverer will give more 
information about their machine and the 
amount of material it demands. 

o Test-draws will be necessary to optimize the 
production and minimize waste. 

 

 Coloring of galvanized steel 
o Galvanized steel can only be colored with 

special paint. 
o If the collector should be colored or not to 

increase the water heating rate is still not 
decided. Further tests are necessary.  

  



[University of Skövde]                                                          [School of Technology and Society] 

 
 

[2010] Page 36 

9. References 
Berggren, K, Jansson, J-F, Nilsson, L-Å and Strömvall, 
H-E. (1997). Konstruera i Plast. [Constructwith Plastics] 
Författarna och Förlags AB Industrilitteratur 
 
Boothroyd, G, Dewhurst, P and  Knight, W-A. (2001). 
2nd edition. CRC Press 
 
Budinski, K G. (1988).Surface Engineering for Wear 
Resistance. Prentice Hall 
 
Designassemblies(2010).[On line version].[Available] 
http://www.designassemblies.co.uk/index.htm. 
Accessed [2010-09-01] 
 
Hoffman, J-M (2007). [On line version] Tougher and 
strongerglue.[Available]http://machinedesign.com/article
/tougher-and-stronger-glue-1108.Accessed[2010-09-01] 
 
Högskolan på Gotland (2005). [On line version]. 
[Available]  
http://mainweb.hgo.se/inst/designok.nsf/0/45DFEC3378
0BE64EC125700D002E0577/$FILE/Miljoanpassat_mat
erialval.pdf?openelement. Accessed [2010-09-20] 
 
JIWE (2010).[On line version].[Available] 
http://zink.se/default.asp?do=showproduct&list=no&id=
7&pid=14&page=2.Accessed [2010-09-01] 
 
Kalpakjian, C-A and Petronis, S. (2001). Manufacturing 
Engineering and Technology, 4th edition. Prentice Hall 
 
McBrayer, R. (1994). Plastics handbook, edited by 
Modern plastics.RotoVision 
 
Millerwelds - Guidelines to gas metal arc welding 
(2010).[On line version].[Available] 
http://www.millerwelds.com/interests/instructors/pdf/MI
G.pdf.Accessed [2010-09-01] 
 
Svetskommisionen (2010).[On line version].[Available] 
http://www.svets.se/tekniskinfo/svetsning/metoder/mag
miggasmetallbagsvetsning.Accessed [2010-09-01] 
 
Timings, R-L.(1998). Manufacturing technology, 3rd 
edition. Butterworth  
 
Ullman, E. (1997). Materiallära, 13th edition. [Materials] 
Liber  

http://www.bokus.com/cgi-bin/product_search.cgi?authors=Geoffrey%20Boothroyd
http://www.bokus.com/cgi-bin/product_search.cgi?authors=Peter%20Dewhurst
http://www.bokus.com/cgi-bin/product_search.cgi?authors=Winston%20A%20Knight
http://www.designassemblies.co.uk/index.htm
http://machinedesign.com/article/tougher-and-stronger-glue-1108
http://machinedesign.com/article/tougher-and-stronger-glue-1108
http://mainweb.hgo.se/inst/designok.nsf/0/45DFEC33780BE64EC125700D002E0577/$FILE/Miljoanpassat_materialval.pdf?openelement
http://mainweb.hgo.se/inst/designok.nsf/0/45DFEC33780BE64EC125700D002E0577/$FILE/Miljoanpassat_materialval.pdf?openelement
http://mainweb.hgo.se/inst/designok.nsf/0/45DFEC33780BE64EC125700D002E0577/$FILE/Miljoanpassat_materialval.pdf?openelement
http://www.millerwelds.com/interests/instructors/pdf/MIG.pdf
http://www.millerwelds.com/interests/instructors/pdf/MIG.pdf
http://www.svets.se/tekniskinfo/svetsning/metoder/magmiggasmetallbagsvetsning
http://www.svets.se/tekniskinfo/svetsning/metoder/magmiggasmetallbagsvetsning


[University of Skövde]                                                          [School of Technology and Society] 

 
 

[2010] Page 37 

10. Interviews 
 

Interview with Adolfsson,S. Productionmanager at 
Moramast Ltd. (2010-03-11). 

 
Interview with De Vin, L. Professor at University of 
Skövde.  (2010-03-24). 
 
Interview with Torgin, M. Production manager at 
Furuhoffs Ltd. (2010-04-09). 
 
Interview with Zomborcsevics, S. Lecturer at University 
of Skövde.(2010-03-17). 
 


