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Electronics

Apendix C

RFID, or Radio Frequency IDentification, is com-
monly used around the world today, and within 
different areas such as: key cards, car keys, pass-
ports, mobile phones, airports, and air planes.
RFID is a small chip which transmits date. The 
most common has no power sours, but uses ra-
dio waves to transmit data, and therefore cannot 
transmit on its own. The chip gets power from a 
nearby transmitter, a RFID reader, by sending a 
radio wave at the RFID chip an electromagnetic 
field is created around the tag, power is gener-
ated, and the chip sends information back to the 
transmitter. 
[http://electronics.howstuffworks.com/gadg-
ets/high-tech-gadgets/rfid2.htm]
To do this, the chip needs an antenna, by com-
bining the chip with an antenna you get an RFID- 
tag. [http://rfid.net/basics]

There are different types of RFID-tags and dif-
ferent types of information stores:

Active RFID: uses a battery to power its circuit, 
and to broadcast radio waves, and is readable at 
a distance at 100 m.
Semi active RFID: uses a battery to power its 
circuit, but uses the power from the reader to 
broadcast the radio waves, and is readable at a 
distance at 30.5 m.
Passive RFID: uses only power from the reader, 
and has no additional power sours, and is read-
able at a distance at 6 m.

In addition to this there are different types of in-
formation stores:
Read-write: this type of data makes it possible 
to ad information and to overwrite the existing 
information on the RFID.
Read only: as the name imply, it is not possible 
to ad information, and the tag only contains in-
formation from the manufacturing.

RFID-tag: http://tingenesin-
ternet.dk/?p=379

http://www.rfideducation-
labs.com/TheBusinessSeries/
tabid/57/Default.aspx

RFID
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WORM: with this tag it is only possible to ad in-
formation once, and then it cannot be changed, 
only read.
[http://electronics.howstuffworks.com/gadg-
ets/high-tech-gadgets/rfid3.htm]

Problems:
Institutes of Technology, Denmark, informs that 
the reliability of a RFID-tag, depends on the en-
vironment that the tag is placed in, and espe-
cially fluid can disturb the signal, by up to 40%, 
depending on the fluid. [www.electronics.com]
NFC is developed on the basic of the RFID-tag, 
and like RFID it works with radio frequency. NFC 
is mostly passive, meaning that it does not have 
a power sours, and is powered by the reader. But 
unlike the RFID, the NFC only works over a small 
distance, only a couple of cm. 
[http://www.nfcrumors.com/05-30-2011/nfc-
tags/]

NFC-tag: http://pocketnow.
com/android/nexus-s-nfc-
writing-capabilities-included-
but-hidden

NFC or Near Field Communication

Today the NFC is used in posters and billboard, 
from where it could be assumed, that they can 
endure a certain amount of dirt and water with-
out being damaged.
[http://www.addictivetips.com/hardware/
what-is-nfc-how-it-works-what-are-its-practi-
cal-applications/]
The NFC-tag is used within many different ar-
eas, and often in products where cost is an issue. 
They are becoming more and more common. 
The price on a tag is low, and it can be assumed 
that they will be cheaper.

Read and re-write capable, with a memory 
on 96 bytes, but can be expanded up to 2 
kbytes.
Read and re-write capable,with a memory of 
48 bytes, but can be expanded up to 2 kbytes.
Has a 2 kbyte memory, and a faster commu-
nication speed: 212 kbit/s and is fit for more 
complex applications.

1:

2:

3:

Is pre-configured at the manufacture and can 
be either read/re-writable or read only. It has 
the largest memory up to 32 kbytes and the 
communication is between 106 kbit/s and 
424 kbit/s.

With type 3 and 4 you need a special tag writer 
to write information on the tag.
[http://www.radio-electronics.com/info/wire-
less/nfc/nfc-near-field-communications-securi-
ty.php]

There are four types of NFC-tags:
4:
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A barcode is a small lined image, which can be 
seen on products that you buy in a store. The 
black and white lines represent numbers or 
symbols. It has a start and a stop code, where the 
lines in-between is the code. The barcode is read 
by a scanner, that measure the light reflected by 
the code, and interprets it into a code. 
[http://www.dataid.com/whatisbarcode.htm]
A barcode is easy to make, and can be printed 
straight on the bottle, which means that it is 
easy to copy and fake. Beside people copying a 
barcode, and using their own fluid, there can be 
problems with the barcode itself, which has to 
be taken into consideration. If the width of the 

QR Code: http://www.qrme.
co.uk/qr-codes-explained.html

Barcode: http://www.av1611.
org/666/barcode.html

Barcode

bars in the barcode is inconsistent, is damaged 
in anyway, or the space is not reflecting enough 
light, there may be a problem of reading the 
code.
[http://www.pointil.com/support/solver/bar-
code.htm]
A QR code is two dimensional, compared to a 
barcode there is one dimensional. The QR code 
can store much more information than the bar-
code, and store information both horizontal and 
vertical. But a two dimensional code is not just 
the QR code, they come in many different forms; 
colour code, Bulls eye, Aztec code and many 
more. The QR code is just the most common.
The QR can be used to store a lot of different in-
formation; it could be a web address or contact 
information. To read the QR code you have to 
use camera technology. The code is scanned by 
the camera on e.g. a phone, the code then gives 
instructions to the phone, telling it to browse a 
web page or save a phone number.
Looking at a QR code, it has three large squares 
in the corners, which define the pattern. It is 
white all the way around, called the quiet zone, 
this defines the border of the QR code. The green 
and white is the data that is stored. The data on 
a QR code is repeated more than once, which 

QR code or Quick Response code
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       Criteria

Concept
Difficult 
refill/copy

Change at 
fluid plant

Quick 
& easy 
change of 
fluid 

Transpor-
tation Weight Price

RFID + - 0 0 0 -
NFC + - 0 0 0 -
Barcode - + 0 0 0 +
QR code - + 0 0 0 +

Good +		 Neutral 0	 Bad  -

Comparison

means, that if a part of the code is damaged, it 
might still be possible to read it.
The problem with the QR code is, that similar to 
the barcode, it can easy be copied, and it would 
be easy for people to cheat with the concentrate 
bottle, if they want to.
[http://www.youthedesigner.
com/2011/09/29/what-is-a-qr-code-and-
how-does-it-work/]
[http://www.qrme.co.uk/qr-codes-explained.
html]
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Appendix D

As a part of the research and design development, some experiments have been made, to clarify 
different issues concerning the product.

Experiments

To find out more about how the transducers 
work, and to get a better idea of how to design 
the tank, the group bought a transducer for gar-
den pounds. This type of transducer is slightly 
different from the transducers that will be used 
in the haze machine, because it have a ceramic 
plate instead of a metal plate. But it functions 
more or less the same way, the vibrations is a bit 
different. 
First the group made a box that could function 
as a tank, to see how the haze react when it is 
confided but not disturbed. It was found that the 
haze would lay as a cloud in a height of 150 mm, 
but it would not go higher then that. 

This means, that if the fan do not blow directly 
into the tank, the output hole can not be placed 
higher then 150 mm above fluid level.
The experiment is made on water and it may be 
that the haze fluid acts a bit differently.

Experiments with the tank

Experiments with output of the tank
Knowing how high the haze reach inside a closed 
container leads to the next question: how would 
the haze react given a output hole. It is found 
that the haze will pore out of every hole within 
the 150 mm limit.  It is possible to get the haze 
out of a hole placed above the 150 mm, but it re-
quires a fan, that can blow the haze out of the 
tank.
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Condensation
The group found it important to find out, how 
prone the haze is to condensate. An experiment 
with and without a fan is done.

It is found, that without a fan the haze will con-
densate where it falls in large quantity, as can 
be seen on the picture. The haze has fallen over 
the side of the box, and onto the table, creating a 
area with condensation.
When using a fan the haze still condensate, but 
only where the wind from the fan do not reach.

Splash from the transducer Condensation

Splash from the transducer
One of the things discovered during the experi-
ments is, that the transducer splash during use. 
It is decided to measure the splash, as it can have 
an effect on the design of the tank.

It is found that the wave the transducer produce, 
is about 100-120 mm high, and that the splash 
reach about 300 mm from the centre of the 
transducer.
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Control of output
It is found, that the haze can easily be directed, 
but, surprisingly, it is not the number of lamella 
that are important, but the depth, that influence 
the direction. As seen on the pictures, the lamel-
la and the larger of the circles gives the same re-
sult, therefore it must be concluded that the best 
would be to use something similar to the large 
circle, to hinder the haze as little as possible.



127

Vacuum moulding is a low cost production method, which is suitable for prototypes, and when a 
small number of units are needed. A unit is formed by a plastic plate which is heated up, and sucked 
over a mould by vacuum. To make sure the plate stays in the new shape, the plate is cooled down on 
the mould, where after it is taken off, and the unit is done.
This method is good when dealing with subjects with large surfaces and a small material thickness.

Apendix E
Vacuum Moulding

Within vacuum forming there are two kinds of moulds; a positive- and a negative mould.

The negative mould is good with small draft angles. Everything with a draft angle under 0,5o, is
made on a negative mould.
Above an angle of 0,5o is made by a positive mould. The most common is a draft angle between
3-5o.

Pros

•	 Low cost tooling 
•	 Mould can be made of relatively inexpensive material
•	 Economical for prototypes
•	 Low start-up costs 
•	 Suitable for small production lines 
•	 Provides design flexibility
•	 Time efficient, for small productions

[http://wiki.answers.com/Q/What_are_the_advantages_and_disadvantages_of_vac-
uum_forming] 
[http://www.ehow.com/list_7332827_advantages-vacuum-forming.html]

Cons

•	 Only for shallow pieces
•	 Risk of bubbles - air pockets which get in the material during production
•	 For Slow production method for loarge productions

[http://www.ehow.com/list_6890658_disadvantages-vacuum-forming.html]
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Rotational moulding

In rotation moulding plastic powder is poured into one half of the moulding form, the form is then 
closed and placed in an oven. The moulding form is heated up, while the mould is rotated, hens the 
name. The rotation makes the plastic spread out in an even layer on the inside of the mould, and is 
continued while the mold cools down. When the mold is cooled down, the part can be taken out of 
the mold, and the process can start again.
This type of production method is well suited for small and medium sizes productions of a 100 – 
10,000 pieces a year. [Plast teknologi, 2. udgave]

When designing for rotation moulding there are a few things that 
must to be taken into consideration.

The principal of rotational mounding [Plast teknologi, 2. udgave]

•   The wall on the outside corners is thicker, because the material will 	
     gather here.
•   Walls on the inside corners is thinner, because the material will fall 	
     away.
•   The larger radii the more uniform wall thickness
•   The wall thickness will vary, but this can be controlled by different		
     methods, e.g the rotation speed and with heat. 
•   Dimensional tolerance is 1-2 % (shrinkage) 
•   Flatness tolerance is 2-5 % (because the element is cooled from the 	
     out side only). Avoid large flat areas, by using curved surfaces to con-	
     ceal the warpage. 
•   It is possible to mold metal parts into the product. 
•   Ribs is difficult to make, but the product can be stiffened by corrugat-	
     ing the form, if this is the chosen option, the depth should be four times                       	
     the material thickness, and the width five times the material thickness. 
•   The draft angel depend on the mold, because the plastic in some cases will      
      shrink away from the mold, as it cools, but in cases where the shrinking will  
     place the mold more tightly in the mold, a draft angel on 1-20 is sufficient      
     for polypropylene and nylon, but for stiffer material an extra degree is 	
     needed. 
•   Holes has to be made in the part after moulding.

http://file.seekpart.com/keywordpdf/2011/1/12/201111252045548.pdf

Apendix F
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 The pros and cons for rotational molding:
Pros
•	 “A hollow part can be made in one piece with no weld lines or joints
•	 The molded part is essentially stress-free
•	 The molds are relatively inexpensive
•	 The lead time of the manufacture of a mold is relatively short
•	 Wall thickness can be quite uniform (compared with other free sur-	
	 face molding methods such as blow molding)
•	 Wall thickness distribution can be altered without modifying the mold
•	 Short production runs can be economically viable
•	 There is no material waste in the at the full charge of plastic is nor-	
	 mally consumed in making the part
•	 It is possible to make multi-layer parts, including foamed parts
•	 Different types of products can be molded together on the one machine
•	 Inserts are relatively easy to mold in
•	 High quality graphics can be molded in.”
http://file.seekpart.com/keywordpdf/2011/1/12/201111252045548.pdf

Cons
•	 “The manufacturing times are long
•	 The choice of molding material is not as great as with other molding 	
	 methods
•	 The material costs are relatively high due to the need for special addi	
	 tive packages and the fact that the material must be ground to a fine 	
	 powder
•	 Some geometrical features (such as ribs) are difficult to mold”
http://file.seekpart.com/keywordpdf/2011/1/12/201111252045548.pdf
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Appendix  G
Blow moulding
The basic principal behind blow moulding is, that a soft plastic tube is placed inside the moulding 
form, the tube is in one end flattened by the mold, and the other is kept open. A blow drift is inserted 
in the tube, which injects air into the tube. The tube is blown up like a balloon, hereby getting the 
shape of the moulding form. [Plast teknologi, 2. udgave]

When designing for blow moulding there are some basic principals to follow:

•   All angles and shape edges has to be rounded to minimize difference in wall 
     thickness 
•   Radii should be two times the material thickness.
•   Parts should be as symmetrical as possible to avoid uneven wall thickness
•   Large flat surfaces, is prone to warpage, because the plastic is cooled by one  
     side only, it is recommended to make corrugated designs on these surfaces.
•   Draft angel should be 1-2 degrees, where two is recommended.
 
http://engr.bd.psu.edu/pkoch/plasticdesign/blow_design.htm

The principal of blow moulding [Plast teknologi, 2. udgave]
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The pros and cons of blow moulding:

Cons:
•	 Difficulties with unsymmetrical parts
•	 Uneven wall thickness
•	 Only good for hollow parts

Pros:
•	 “Tooling cost is typically less than injection molding. 
•	 Piece price is typically less than rotational molding. 
•	 One piece construction (no welding or gluing part halves together.) 
•	 No cores allow for irregular shapes. 
•	 Seamless construction is ideal for liquid filled or airtight containers. 
•	 Excellent ESCR (Environmental Stress Crack Resistance.) 
•	 Quick product revisions allow for increased flexibility (wall change is 	
	 process change, not a tooling change. Tools made from aluminum are 	
	 less costly to revise.)”
http://www.paarloplastics.com/public/blowmolding.cfm
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Appendix  H
In order to figure out the size of the different tanks, calculations are made.
Based on user interviews it is found, that one show is approximately 5 hours, but taking unexpected 
elements into account, there is calculated with 6 hours.  When using the Hydrosonic on full effect it 
uses 116 ml fluid pr. transducer an hour. The fluid is a mix of 90% water and 10% concentrate. The 
transducers in the tank must at all time be covered with 2,5cm fluid. Based on the existing products 
from Martin, it is decided that one concentrate container must last for 15 hours.
The machine has 32 transducers

The volume of the main tank is found in Solid Works:
One tank for 8 transducers contains 1137901.80mm3 ≈ 11.4dl
For the hydrosonic to have 32 transducers there is needed 4 tanks: 
11.4 dl *4 tanks   =   45.6dl   =   4,56l

This means, that the tanks must have 4.56 litter of fluid at all time, when in use.

The fluid for the machine consist of 90% water and 10 % concentration
Therefore
Concentrate:   4.56l * 0.1  =   0.46l
Water:   6.7l * 0.9   =   4.10l

This shows that there is needed 0.456l concentrate and 4.56l water.

Calculation

Main tank

Sump tank
To be able to place the components and find the size of the hazer, it is necessary to make approxi-
mately calculations, to get an idea of the needed fluid. Later, when components and tubes are placed, 
a final calculation will be made, and the exact amount of fluid is found. 
The main tank with the transducers contains 4.56 litres of fluid. To make sure that the sump tank is 
big enough to hold the fluid from the main tank, the tubes, and the sump tank itself, it is evaluated 
that the sump tank must contain 1 ½ time more than the main tank. 

The size of the sump tank: 		  4.56l * 1.5   =   6.84l

Sump tank and hoses during use: 	 6.84l – 4.56l   =   2.28l

The 2.28l must be divided in concentrate and water

Concentrate:   2.28l * 0.1  =   0.23l
Water:   2.28l * 0.9   =   2.05l

This means that the sump tank must contain 6.84l, where 2.05l is pure water, and 0.23l is concen-
trate.
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One transducer uses 116 ml/ hour, where 90% of this is water.
116ml/hour fluid * 90%   =>   116 *  0,9   =   104.4ml/hour

With 32 transducers this becomes:
104.4ml/hour * 32 transducers   =   3340.8ml/hour

The water tank only needs to contain water for one show, therefore
3340.8ml/hour * 6 hours   =   20044.8ml   ≈   20.05l

Besides water for the transducers, it has to be taken into account, that there is needed water for the 
tubes, the main tank, and the sump tank. 

Therefore the total need of water is:
4.1l + 2.05l + 20.05l   =   27,5l   ≈   30l

A water tank of 30 litres is needed for one show of 6 hours.

Water tank

One transducer uses 116ml fluid an hour. The machine has 32 transducers and consumes therefore: 
116 ml/hour * 32 transducers   =   3712ml/hour

The fluid consist 10% concentrate, therefore:
3712ml/hour * 0.1   =   371.2ml/hour 

The average length of a show is 5 hours, but taken unforeseen elements into account, there is cal-
culated with 6 hours per show.
371.2 ml/hours * 6 hours   =   2227.2ml   ≈   2.23l

Besides from what the transducers uses, the fluid in the tubes, the main tank, and the sump tank 
has to be taken into consideration. 
For one show lasting 6 hours the machine needs:
0.46l + 0.23l + 2.23l  =   2,92l

Based on the existing hazers from Martin it is chosen, that a concentrate container must last for 15 
hours = 2.5 show, at peak output. Therefore: 
2,92l * 2.5   =   7.3l  

A concentration container of 7.3 litter is needed.

Concentrate container



This project is a master thesis made in col-
laboration with Martin Professional. The 
task is to develop a new hazer (a smoke ma-
chine). The process report is the first of two 
reports, and describes the process, from 
user research, that gives an insight into the 
music business, to finial design proposal 
and detailing, where production methods 
and technical solutions will be discussed. 
Beside the design there is made a thorough 
investigation on, how to prevent the users 
from re-filling the concentration container.


