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ABSTRACT 
This master thesis was conducted during the fall of 2012 at Electrolux with the purpose of developing a 

vacuum cleaner nozzle with lights. Several nozzles with an integrated lighting system can be found on the 

market today. However, most of these nozzles are provided with power through cords from the vacuum 

cleaner body which results in the nozzle only being compatible with specially designed vacuum cleaners. 

This project aimed at developing an ordinary vacuum cleaner nozzle with lights, being compatible with 

regular vacuum cleaners. The development was performed by doing modifications to an already existing 

vacuum cleaner nozzle. 

The overall method applied during this master thesis was based on an in-house process which is used at 

Electrolux where the progress is divided into four phases. Each phase ends with a presentation for a 

project steering committee consisting of experts from Electrolux with a profound interest in the project.  

The project began with a pre study where existing products and patents were investigated. Furthermore 

all wishes and constraints of the product were compiled into a list of design specifications. The product 

development was broken down into three sub problems; how to supply the lights with electricity, how to 

activate and deactivate the lights and how to integrate the lights to the nozzle. To generate as many ideas 

as possible regarding the three sub problems, semi-structured interviews and a brainstorming session 

were conducted together with employees at Electrolux. The most interesting ideas were further developed 

as concepts and the best solutions to each sub problem were eventually chosen together with the project 

steering committee. 

The final solution had four LED lights positioned on top of the nozzle and these were powered by two 

serial connected AAA batteries. The lights were activated and deactivated automatically when the 

vacuum cleaner was turned on an off. However, the final method used for activating and deactivating the 

lights is not further explained in this report due to business strategic reasons of Electrolux. Experiments 

were conducted to choose the components of the suggested solution. To boost the output voltage in 

order to receive a stable illumination some electronics were connected to the components. The 

suggested nozzle did fulfill all constraints stated in the product design specifications.  
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SAMMANFATTNING 
Detta examensarbete utfördes under hösten 2012 på Electrolux med syftet att utveckla ett 

dammsugarmunstycke med lampor. Idag finns en rad dammsugarmunstycken med integrerade lampor 

på marknaden, men de flesta av dessa munstycken får ström genom sladdar dragna från själva 

dammsugaren vilket medför att munstyckena endast är kompatibla med specialdesignade dammsugare. 

Detta arbete syftade till att utveckla ett vanligt dammsugarmunstycke med lampor som kan användas till 

de flesta dammsugare och är fristående från resterande delar. Utvecklingen gjordes genom att modifiera 

ett redan existerande dammsugarmunstycke. 

Den övergripande metoden som använts under detta examensarbete baserades på en intern process 

som används på Electrolux där arbetet delas in i fyra faser. Vardera fasen avslutas med en presentation 

för en styrgrupp bestående av experter från Electrolux med ett intresse för projektet. Arbetet inleddes 

med en förstudie där existerande produkter och patent studerades. Vidare sammanställdes alla krav och 

önskemål angående produkten till en kravspecifikation. 

Produktutvecklingen delades in i tre delproblem; drivning av lamporna, integrering av lamporna i 

munstycket samt aktivering och avaktivering av lamporna. För att generera så många idéer som möjligt 

angående de tre delproblemen utfördes semistrukturerade intervjuer samt en brainstormingsession 

tillsammans med anställda på Electrolux. De mest intressanta lösningarna vidareutvecklades till koncept 

varpå den bäst lämpade lösningen för varje delproblem valdes ut tillsammans med styrgruppen. 

Den slutliga lösningen hade fyra LED-lampor placerade ovanpå munstycket vilka drevs av två AAA-

batterier. Lamporna aktiverades samt avaktiverades automatiskt i samband med att dammsugaren sattes 

på respektive stängdes av. Av företagsstrategiska skäl förklaras den slutliga metod som användes för att 

aktivera samt avaktivera lamporna inte närmare i denna rapport. För att avgöra vilka specifika 

komponenter som skulle användas utfördes experiment. Elektronik kopplades också till komponenterna 

med anledning av att förstärka den utgående spänningen för att få en mer jämn belysning. Det föreslagna 

munstycket uppfyllde samtliga krav som ställts upp i kravspecifikationen. 
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NOMENCLATURE 

Notations 

I   Current (A) 

n   Refractive index 

R   Resistance (Ω) 

U   Voltage (V) 
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PCP1   Primary Checkpoint 1, the fourth meeting with the project steering committee 

POM   Polyoxymethylene 

PMMA   Polymethylene Methacrylate, Plexiglas 

PP   Polypropylene 

PPI   Primary Project Initiation, the first meeting with the project steering committee 

RC   Resistor-Capacitor 

SMD   Surface Mounted Device 

SLS   Selective Laser Sintering 

TPE   Thermoplastic Elastomer 

UV-C   Ultraviolet radiation, subtype C 
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1 INTRODUCTION 

To provide the report’s content and structure this chapter presents the background, goal and 

delimitations of the project as well as the methods which have been used during the process. 

1.1 Background and problem definition 
Nozzles for vacuum cleaners equipped with lights have proven to be appreciated among users, 

according to the marketing department at Electrolux. When vacuuming, the light makes it easier to 

see underneath furniture and other areas where the ambient light is not bright enough. Furthermore, 

the lights are believed to give the vacuum cleaner nozzle a more technically advanced appearance.  

Electrolux have three different kind of vacuum cleaner nozzles; active, passive and turbo nozzles, 

which are all shown in Figure 1. Passive nozzles are the simplest kind of nozzles, usually provided 

with brushes and rubber blades for vacuuming on both hard floor and carpets (Eriksson, 2012). Turbo 

nozzles have a turbine placed in the air inlet of the nozzle to power a rotating brush underneath the 

nozzle. The rotating brush is used to enhance the cleaning, particularly on carpets, by tearing up the 

dirt and throwing it into the airstream (Eriksson, 2012). Active nozzles are vacuum cleaner nozzles 

which are provided with cords to obtain power from the vacuum cleaner. Therefore, these nozzles can 

only be used together with certain vacuum cleaners with integrated cords. Within active nozzles the 

power can be used to rotate a cylindrical brush similar to the one in turbo nozzles. 

  

Figure 1. The nozzle to the left is a passive nozzle. The nozzle in the middle is a turbo nozzle which is equipped 
with a turbine within the air channel, and the nozzle to the right is an active nozzle with a cord connection shown 

in the tube. 

The vacuum cleaner nozzles equipped with lights which are produced by Electrolux today are all 

active nozzles. To operate lights in a turbo nozzle would not require a major change since mechanical 

energy is already present in these nozzles. Although, in a passive nozzle, some sort of attachment 

would need to be integrated to obtain electricity in the nozzle. This master thesis aims at developing a 

passive nozzle with lights.  

1.2 Goal and delimitations 
The aim with this master thesis was to develop a passive vacuum cleaner nozzle with a lighting 

system by establishing: 

 How to supply the lights with electricity. 

 How to activate and deactivate the lights.  

 How to integrate the lights to the nozzle. 
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The work was limited to one specific nozzle which is a further development of the AeroPro nozzle, 

shown in Figure 2.  

 

Figure 2. The modified nozzle is a further development of this AeroPro nozzle. 

No other part of the vacuum cleaner than the nozzle was modified. The product development was 

limited to the primary development of the product, thus the result included a detailed concept and a 

functional prototype. 

1.3 Product management flow 
The overall method which was used during this master thesis is based on an in-house process used 

at Electrolux, called the product management flow. The product management flow is an in-hose 

process implemented at Electrolux in 2003. The process consists of every step from the market plan 

to the launch execution of a product as shown in Figure 3 (Electrolux, 2008). This master thesis was 

conducted within the Primary Development phase. 

 

Figure 3. The steps within the product management flow process which is used at Electrolux. 

The Primary Development phase further consists of four steps as shown in Figure 4. A project 

steering committee evaluates the work and gives some directions in how to proceed after each of the 

steps. The project steering committee consists of employees at Electrolux with a profound interest in 

the project.  
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Figure 4. The four steps within primary development at Electrolux. PPI, PCP00, PCP0 and PCP1 are the project 
steering committee meetings. 

1. Pre-study: 

The Pre-study is the first step of the Primary Development progress where the product idea is 

formulated. A competitor analysis and a review of the existing patents are done and a project main 

plan is composed. During this step the project steering committee is established and at the first 

meeting, the PPI meeting, the project plan is presented.  

2. Creation of ideas: 

During the second step of the Primary Development, the Creation of ideas, different solutions to the 

problem are screened. A technical proposal of the product and key targets are defined. Conceptual 

prototypes could be executed of some of the concepts. Focus is on two or three of the concepts, but 

more concepts could be made. At the second meeting with the project steering committee, the PCP00 

meeting, the ideas are presented. 

3. Solution and verification: 

Solution and verification is the third step of the Primary Development progress where the concepts 

are further developed. A functional prototype is created and presented at the third meeting with the 

project steering committee, the PCP0 meeting.  

4. Hardware and solutions: 

During the fourth and last step, Hardware and solutions, the aspects of the product are further 

specified and at the PCP1 meeting the final prototype is presented. After this step the product should 

be ready to be passed on to the product development department where the product is made ready 

for launching.   

1.4 Methods 
Except for the product management flow, several other methods were used during this master thesis. 

The Pre-study began with an information retrieval regarding vacuum cleaners in general and a 

benchmarking was done of current solutions of nozzles with lights. Thereafter, the product design 

specifications including the constraints and wishes of the final solution were compiled.  

During the Creation of ideas, a brainstorming session was conducted together with employees at 

Electrolux. Semi-structured interviews were also carried out with employees with expertise within 

areas such as electronics, mechanics and vacuum cleaners in general.  

During the Solution and verification step, prototypes were created based on the ideas. Pugh’s method 

was used to give a direction in which would be the best settled concept where by comparing the 

concepts to each other by means of a decision matrix.  

During the Hardware and solution step, experiments were brought out and 3D modeling of the 

solution was conducted to dimension the components.  
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2 PRE-STUDY 

In order to learn more about vacuum cleaners and the products in Electrolux’s assortment some 

studies were carried out. Competitors’ products were also investigated as well as existing patents of 

vacuum cleaner nozzles with lights.  

2.1 Vacuum cleaners 
The different kinds of vacuum cleaners developed by Electrolux are canisters, sticks, cordless, 

uprights wet & dry and central (Electrolux, 2007). The vacuum cleaner which is most common in 

Sweden is the canister, where the nozzle is connected to the body of the vacuum cleaner through a 

tube and a hose. Sticks are handheld vacuum cleaners and these together with cordless vacuum 

cleaners are powered by rechargeable batteries. The nozzles of cordless and sticks are mounted 

directly on the body of the vacuum cleaner, making them much more compact than, for instance, 

canisters. Uprights are vacuum cleaners which are mostly sold in the United States and in the United 

Kingdom (Eriksson, 2012). These are bigger than cordless vacuum cleaners and power is provided 

through a cord making the uprights more powerful than the cordless (Eriksson, 2012). Wet & dry 

vacuum cleaners are capable of vacuuming wet floors and the main market of these vacuum cleaners 

is Brazil (Eriksson, 2012). Central vacuum cleaners are installed in houses with several outlets where 

the tube is to be connected. The different models of vacuum cleaners which are produced by 

Electrolux are presented in Figure 5. 

Figure 5. The vacuum cleaner models which exist in Electrolux’s assortment. 

The main parts of a canister are the nozzle, tube, hose, bag, motor and the filter as shown in Figure 6. 

 

Figure 6. The main parts of a canister. 
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The motor inside the vacuum cleaner drives a fan which creates airflow due to a difference in 

pressure. The airflow can surpass 40 liters per second and the airspeed inside the tube and hose can 

exceed 50 meters per second (Electrolux, 2007). Furthermore, the motor fan can generate a 

suppression which exceeds 30kPa (Eriksson, 2012).  

Vacuum cleaners can either be bagged or bagless. The bagless systems are using separators to split 

up the dust from the airstream. Two kinds of separators are used in Electrolux’s vacuum cleaners; 

simple separators and cyclonic separators. Simple separators utilize the centripetal force to throw the 

particles against the outer wall of the separator (Electrolux, 2007). Cyclonic separators are dividing 

the clean air and the particles with the help of high air speed and the shape of the cyclonic body 

(Electrolux, 2007). The cyclonic separator is more efficient at separating dust than the simple 

separator, though the pressure loss is larger in the cyclonic separator (Electrolux, 2007). The bagless 

vacuum cleaners need to be emptied when the container is full of particles, to spare the motor from 

excessive wear. An indication light is often used to alert the user that the container is full. This 

indication light is controlled by a pressure switch which is connected to the container. When the 

container is full the suppression inside the container will decrease, making the membrane inside the 

pressure switch to bulk and thereby giving a signal to the indication lamp placed on the body of the 

vacuum cleaner.  

Pressure switches are also connected to the exhaust filter of the vacuum cleaner for indication on 

when the filter needs to be cleaned. The pressure drop over the filter increases with clogging of the 

filter which is detected by the pressure switch.  

2.2 Vacuum cleaner nozzles 
Nozzles are one of the most complex parts of a vacuum cleaner (Electrolux, 2007). The objective of a 

nozzle is to pick up as much dirt as possible from all kinds of surfaces with as little effort as 

achievable (Electrolux, 2007). The challenge is therefore to balance the often contradictory 

characteristics. For example, high airspeed is sought for easier dust pickup, but this leads to a higher 

noise level. The best performing nozzle is a nozzle which creates the perfect amount of airflow and 

suppression around the particles (Eriksson, 2012). Too much suppression will make it hard to move 

the nozzle. 50 years ago varying nozzles existed for each surface, while today all of these factors 

have been included into each nozzle (Eriksson, 2012). The different types of nozzles at Electrolux are 

turbo nozzles, active nozzles and passive nozzles.  

Turbo nozzles 

Turbo nozzles are nozzles for canisters with an integrated turbine within the tube of the nozzle. This 

turbine is used to power a cylindrical, rotating brush which is mounted underneath the nozzle in the air 

intake. When airflow is generated in the nozzle the turbine will begin to rotate and the rotation is 

transferred to the brush which tears up the dirt and throws it into the airstream, as shown in Figure 7, 

and thus enhances the cleaning performance (Eriksson, 2012). However, the placement of the turbine 

inside the tube reduces the airflow. 

               

Figure 7. The brush, which is powered by a turbine, is throwing the dust into the airstream, to the left on hard 
floor and to the right on a carpet (Eriksson, 2012). 
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Active nozzles 

Electrolux have several active nozzles for canisters, uprights and cordless vacuum cleaners. These 

nozzles are equipped with an electrical motor powering, for instance, a turbo brush. Cords are drawn 

from the body of the vacuum cleaner to the nozzle, providing the motor with electricity. In the uprights 

and the cordless vacuum cleaners this is easily done since the nozzle is attached to the body of the 

vacuum cleaner. However, in canisters it is a bit more complicated since the nozzle needs to be able 

to be disconnected. This means that the tube and the hose of the vacuum cleaner need to be 

modified and the active nozzles for canisters are only compatible with vacuum cleaners with cords 

integrated to the tube and hose. A special joint is required in active canister nozzles to enable rotation 

between the nozzle and tube.  

All of the nozzles at Electrolux which have integrated lights are active nozzles. A popular vacuum 

cleaner with lights, produced by Electrolux, is the cordless vacuum cleaner Ergorapido. The 

illuminations which are used in the Ergorapido are light emitting diodes, LEDs, positioned as shown in 

Figure 8. The LEDs are protected by a cover of polycarbonate, PC. The lights in the Ergorapido 

obtain the electricity through the cords inside the nozzle. Hence, the lights are automatically switched 

on when the vacuum cleaner is running.  

 

Figure 8. Ergorapido 2in1, one of Electrolux’s cordless vacuum cleaners with a nozzle with integrated lights. 

Passive nozzles 

Passive nozzles are the standard nozzles available for all types of vacuum cleaners. Most passive 

nozzles are combination nozzles equipped with both rubber blades and brushes for use on hard floor 

and carpets as shown in Figure 9. A button, placed on top of the nozzle, enables the user retract the 

brushes when vacuuming on carpets.  

             

Figure 9. Brushes are used when vacuuming on hard floor, as shown in the picture to the left, and when 
vacuuming on carpets the brushes are retracted, as shown in the picture to the right (Eriksson, 2012).         
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The AeroPro Nozzle 

The AeroPro nozzle is a passive nozzle which is compatible with several of Electrolux’s vacuum 

cleaner models. The nozzle which was modified during this project is a further development of the 

AeroPro nozzle; however, most features of the two nozzles are similar. To make the vacuuming 

easier, the AeroPro nozzle is equipped with wheels placed on either side of the tube. The nozzle is 

also equipped with a rotatable joint to make the vacuuming more flexible. An exploded view of the 

AeroPro nozzle is shown in Figure 10.  

 

Figure 10. The different parts of the AeroPro nozzle. 

All plastic parts of the AeroPro nozzle are injection molded and they are made out of different plastics 

depending on the function of the part. Injection molding is done by injecting melted material into a 

mold cavity with the help of a large screw functioning as a piston (Bruder, 2011). Components of 

different sizes and with complex forms can be produced by injection molding at a very high production 

rate. Both thermoplastics as well as thermosets can be injection molded and multiple plastic materials 

can be combined in the same shot (Bruder, 2011). 

The air channel of the nozzle is made of polycarbonate, PC, which has lower mold shrinkage than 

most other plastics and a good dimensional stability (Bruder, 2011). The shape of the air channel is of 

great importance since this affects the ability of the nozzle. The holder for the brushes is made of 

polyoxymethylene, POM, which has high fatigue strength and excellent spring properties (Bruder, 

2011). These are essential properties since the brush holder is a moving part. The housing is made of 

polypropylene, PP, and the coatings on the sides are made of thermoplastic elastomer, TPE, which is 

also called thermoplastic rubber for its rubbery properties (Bruder, 2011). By using PP, the 

thermoplastic rubber can be injection molded directly on top of the housing without fastening it.  

The mechanism for translating the brushes up and down is placed inside the housing as shown in 

Figure 11.  
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Figure 11. The mechanism for translating the brushes up and down is placed inside the housing. 

2.3 Standard vacuum cleaner tests 
Lots of vacuum cleaner tests concerning first and foremost durability and performance of the vacuum 

cleaner are done internally at Electrolux. Most of these tests are based on the international standards 

which are prepared and published by The International Electrotechnical Commission, IEC, providing 

standards for most domestic electrical technologies. The standards for measuring the performance of 

vacuum cleaners for household use are numerous and some examples of performance tests are dust 

removal from carpets and hard floor, dust removal from crevice as well as thread and fiber removal 

from carpets (Electrolux, 2007). One international standard of performance concerns dust removal 

along walls and it is tested by vacuuming alongside a right-angled T, shown in Figure 12, with the 

floor covered with a defined amount of mineral dust (The International Electrotechnical Commission, 

2010). When reaching the corner of the T, the nozzle is left there for two to three seconds before the 

nozzle is pulled back to the starting point. The width of the uncleaned area is measured along the 

walls of the T to establish the dust removal ability along walls, both at the side and in the front of the 

nozzle (The International Electrotechnical Commission, 2010). The measurements of the uncleaned 

areas are taken at the points labeled A in Figure 12. 

 

Figure 12. How to measure dust removal along walls (The International Electrotechnical Commission, 2010) 

The dust removal ability on the sides can be reduced to less than 1mm on most nozzles. In front, a 

dust removal of less than 10mm is impossible to achieve since all nozzles are equipped with a 

housing. Nozzles with brushes get lower performance and most of these nozzles have a dust removal 

ability of between 16-20mm in the front. 

In addition to the performance tests, the noise level as well as the durability of the vacuum cleaner is 

also being tested at Electrolux. In total, Electrolux do 65 different durability tests concerning the entire 

vacuum cleaner (Electrolux, 2007). For instance, one test is the Carousel test where the vacuum 

cleaner is passing 10 000 thresholds at a speed of 0.5m/s (Electrolux, 2007). Two of the durability 

tests which refer to the nozzle are the Nozzle fall test where the nozzle falls repeatedly 1200 times 

and Running against carpet/hard floor where strokes of 1m are done at a speed of 5m/s for 500h on 

carpet as well as 100h on hard floor (Electrolux, 2007).  
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2.4 Light Emitting Diodes 
A light emitting diode, LED, is an electric lighting source available in the colors of red, orange, green 

and blue (Ljuskultur, 2009). To get a white light a layer of phosphor is put in front of the LED (Vámos, 

2012). The first industrial manufactured LED was marketed in 1962, while the white LED was not 

introduced on the market until 1997 (Ljuskultur, 2009). The white light can be warm white, with a color 

temperature of between 2700K and 3800K, or cold white, with a color temperature of more than 

4500K (Ljuskultur, 2009). Warm white light is more comfortable for the human eye and is usually used 

in light bulbs where people reside for a longer period of time (Vámos, 2012). Whereas cold white light 

is not as comfortable for the human eye, but it results in better contrasts, why this light is used in the 

Ergorapido nozzle (Vámos, 2012). LED lights have a life length which exceeds 50 000 hours. The end 

of life is defined as when the luminous flux is reduced to 70% of its initial (Ljuskultur, 2009). 

Two of the main types of LEDs are conventional LED and surface mounted device LED, SMD LED. 

The conventional LEDs are equipped with lenses which can be shaped in different ways to direct the 

light. SMD LEDs are clusters of LED chips put in one lighting source, for the smaller SMDs there can 

be one or three LEDs per lighting source. To get even more light in comparison to the used wattage 

there are power LEDs which also don’t give off as much heat as regular LEDs (Vámos, 2012). The 

different kinds of LED lights are shown in Figure 13. 

     

Figure 13. Three different kinds of LED lights; to the left, SMD LEDs with three and one LED in each lighting 
source, in the middle a power LED and to the right, three single-die LEDs with differently shaped and colored 

lenses. 

The viewing angle, the angle in which the light spreads from the lighting source, is for conventional 

LEDs about 40 to 60 degrees, and for SMD LEDs the viewing angle is about 120 to 160 degrees 

(Vámos, 2012). Thus conventional LEDs give a more directed light than SMD LEDs. In the nozzle of 

the Ergorapido there are four, parallel connected, SMD LEDs with one LED in each lighting source 

(Vámos, 2012). The viewing angle of the LEDs used in the Ergorapido is 120 degrees (Honglitonic, 

2009). 

The amount of light which a source of light is emitting is described by the luminous flux which is 

measured in lumen, lm (Manneberg, 2011a). The luminous flux of LEDs range from a few lm for 

conventional LEDs and SMD LEDs to a couple of hundred lm for power LEDs (Ljuskultur, 2009). The 

most commonly used unit for measuring illumination is the illuminance which describes the luminous 

flux per unit area. Illuminance is measured in lux, lx, where 1lx equals to 1lm/m
2
 (Manneberg, 2011a). 

How the luminous flux from a lighting source spreads in different directions is described by the 

luminous intensity. Luminous intensity is measured in candela, cd, where 1cd represents the luminous 

intensity of a well-defined candle (Manneberg, 2011a). The lights used in the Ergorapido have a 

luminous flux of 4lm and a luminous intensity of 1300mcd at a current of 20mA (Honglitronic, 2009). 

2.5 Benchmarking 
The American floor care manufacturer Hoover introduced their first vacuum cleaner with a headlight in 

1932 (Best rated vacuum, 2012). Called the Hoover Hedlite it was the first nozzle to illuminate the 

space in front of the nozzle. Today, Hoover has headlights on most of their uprights and some of their 

canister nozzles (Hoover, n.d.a). On the Swedish market there are not many canister nozzles with 

lights. But for instance on the American market, all major vacuum cleaner brands have their share of 
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nozzles with lights, most of which are active nozzles. The lights of these nozzles are usually activated 

automatically when the vacuum cleaner is turned on. Nevertheless, Electrolux have active canister 

nozzles on the American market where the lights are maneuvered from a switch on the handle of the 

vacuum cleaner (Electrolux, n.d.). The benchmarking did show lots of nozzles with lights and some 

examples of canister nozzles with lights from the major vacuum cleaner brands are shown in Figure 

14. However, the benchmarking did not show any passive nozzles with lights.  

                            

Figure 14. Some canister nozzles equipped with lights from different manufacturers.  

There are vacuum cleaners on the market which are using a dirt sensing system, indicating what 

areas need extra cleaning attention. Hoover has some vacuum cleaners with a dirt sensing system 

using a green and a red lamp to alert the user to when the detector is sensing a larger amount of dirt 

is being picked up (Hoover, n.d.b). The red and green lamps are placed on the nozzle of the vacuum 

cleaner. This is the case for most vacuum cleaners with a dirt sensing system; the light indicator is 

placed on the nozzle, body or handle of the vacuum cleaner, forcing the user to look directly on the 

lamp to see if the sensor is sensing dirt (Blocker, Kaido and Petty, 2009). Therefore, the Tacony 

Corporation has developed a dirt sensing system which projects illuminating light from a lighting 

device on the nozzle onto the floor instead (Blocker, Kaido and Petty, 2009). 

UV-C light is a part of the ultraviolet light spectrum, used in some vacuum cleaners for its ability of 

killing germs. UV-C has been used for over 100 years to kill germs on surfaces, in the air and in water 

and it is mostly used in hospitals (Guardian Technologies, n.d.). Bukang Sems is a South Korean 

company with a line of UV-C anti-allergy vacuum cleaners. With a slogan of “Clean the Unseen” the 

vacuum cleaners are specially designed to clean beds, linen and other fabric (Bukang Sems, 2009). 

The UV-C fluorescent lamp is positioned underneath the nozzle in the air intake. According to 

research, the addition of UV-C light to the suction in a vacuum cleaner nearly doubles the removal of 

microbes from carpets (Caldwell, 2010).   

2.6 Patents 
Electrolux have several patents of vacuum cleaner nozzles with lighting solutions. One of them is a 

patent from 2008 where a lighting device for vacuum cleaners is placed on the cleaning attachment 

(Willenbring, 2008). The lighting apparatus includes an electric circuit existing of a battery, a switch, a 

timing device and the lighting device. The switch can be programmed to turn off the lights after a 

predefined amount of time to minimize the risk of the lights being left on for too long.  

Other patents include a German patent from 2006 of a vacuum cleaner which has a suction head unit 

with a source of illumination being controlled by a pedal on the cleaner body as shown in Figure 15 

(Royal Appliance International, 2006). The lights of this solution are powered by batteries which are 

placed underneath the pedal. 
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Figure 15. Patented solution of a lighting device where the light is controlled by a pedal (Royal Appliance 
International, 2006). 

A patent from 2001 concerns a vacuum cleaner accessory where a LED light is positioned inside a 

transparent extension of the hose of the vacuum cleaner which is functioning as a light conductor as 

shown in Figure 16 (Chatfield, 2006). 

 

Figure 16. Patented solution of an illumination assembly consisting of a transparent extension (Chatfield, 2006). 

There are also some patents regarding the specific material used to give the light the best reflection 

possible. Like Whirlpool’s patent of a light system for vacuum cleaners from 1992 where light 

reflecting sheets of glossy vinyl are used to get an extended range of illumination (Chun, 1992). 

Another patent concerns a self-powered UV-C lamp for a turbo nozzle. The vacuum cleaners with UV-

C lamps on the market today are mostly powered by rechargeable batteries (Milanese, 2010). This 

patent concerns a self-powered UV-C lamp receiving the power by a dynamo which is connected to 

the turbine within the air stream (Milanese, 2010). This results in a lamp which automatically activates 

when the vacuum cleaner is in use.   

Lighting device 

Pedal 

Vacuum cleaner 

hose 

Transparent 

extension 

LED 
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3 PRODUCT DESIGN 
SPECIFICATIONS 

After screening the market, the constraints and wishes of the final solution were established together 

with the project steering committee. These constraints and wishes were compiled into a list of product 

design specifications which is presented in this chapter.  

The constraints and wishes of the product design specifications were further divided into four 

categories; design, functionality, appearance and usability, in addition to quality and price. The life 

cycles for the parts which are not intended to be replaced, such as the LED lights, were decided to 

exceed the life length of the nozzle itself. The luminous flux and the luminous intensity of the lights 

should be at the same range as the lights of the Ergorapido. The constraint regarding the final cost of 

the lighting apparatus was decided by the marketing manager of the steering committee. All wishes 

and constraints are shown in Table 1.  

Table 1. The product design specifications were divided into constraints and wishes. 

No other part of the vacuum cleaner than the nozzle should be modified 

The lighting apparatus should not increase the maximum height of the nozzle

The total weight of the lighting apparatus should not exceed 100g

The weight of the lighting apparatus should not result in an imbalance of the nozzle 

All life cycles should exceed 26 h of use

The current functionality of the nozzle should not be decreased

The dust pickup capacity should not be decreased

The luminous flux and the luminous intensity of the lights should be equal to the 

lights of the Ergorapido

The area right in front of the nozzle should be illuminated

The light should be evenly spread over the illuminated surface

The lights should not be activated at none preferred times

The lights should give an added value to the nozzle

It should be easier to detect dust and other debris while vacuuming with the 

suggested nozzle than with the present one

Activation and deactivation of the lights should include a minimum of effort

The suggested nozzle should be robust and cope with careless treatment

The lighting apparatus should be dust proof

The life cycles of all parts, not intended to be replaced, should exceed the life cycle 

of the nozzle itself 

The total cost of the lighting apparatus should be minimized

Construction

Functionality

Appearance 

and usability

C
 O

 N
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Quality and 

price
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The lighting apparatus should not increase the maximum width of the nozzle

All added parts should be hidden inside the nozzle

The dust pick up ability in front of the nozzle should not be decreased

The lights should be activated and deactivated automatically

The lights should be active only when the vacuum cleaner is on

The illuminated surface should be at least as wide as the nozzle

The luminous intensity of the lights should be constant throughout the life cycle

The power consuption in standby mode should be minimized

The suggested nozzle should have a luxurious feeling to it

The way in which the user is accustomed to maneuvering the vacuum cleaner 

should not be affected

The suggested nozzle should give the impression of being robust Quality

W
 I
 S

 H
 E

 S
Construction

Appearance 

and usability

Functionality
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4 SUGGESTED NOZZLE DESIGN 

This chapter presents the suggested nozzle including the features, materials and manufacturing of the 

nozzle. The implementation of the generation of ideas and the concepts regarding power to the lights, 

activation and deactivation of the lights as well as integration of the lights are presented in Chapters 

5, 6 and 7.  

Prototypes of the suggested nozzle were made both as a Computer Aided Design, CAD, model as 

well as a physical model. The CAD model was made in CATIA, a CAD program used at Electrolux 

(Dassault Systèmes, 2010). The CAD model was completed to show the sheer positioning of the 

components while the physical model was made to demonstrate the function of the suggested 

solution. The physical model is shown in Figure 17. 

 

Figure 17. The prototype of the suggested nozzle could be connected to a vacuum cleaner to try out the function 
of the lights. 

The electronics of the suggested nozzle consists of a boost converter circuit, which is used to 

maintain a constant output voltage, as well as a filter and delay circuit, used to make sure that the 

lights do not flicker when moving the nozzle. All components of the electronics are shown in the circuit 

diagram in Figure 18. 

 

Figure 18. The circuit diagram of the suggested solution where U1 is the boost converter. 

The data of the components in the circuit diagram above are shown in Table 2. 

4 
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Table 2. The values and part numbers of the components of the suggested solution are presented in the two 
tables. 

Comp. Value

C1 2.2µF

C2 4.7µF

C3 0.1µF

L1 4.7µH

R1 10kΩ

R2 10kΩ

R3 10kΩ

R4 5kΩ

R5 33kΩ

R6 33kΩ

R7 13.7Ω

R8 10kΩ              

Comp. Part number

D1 ZHCS400

D2 HL-A-3528H238W-S

D3 HL-A-3528H238W-S

D4 HL-A-3528H238W-S

D5 HL-A-3528H238W-S

U1 TPS61042QFN

Q1 BC327-25

Q2 BC547C  

4.1 Features of the suggested nozzle 
Four LED lights were used in the suggested nozzle and these were activated and deactivated 

automatically. The LED lights were integrated in the cover as shown in Figure 19. The cover is put on 

top of the nozzle which resulted in the width of the nozzle not being increased and therefore the dust 

removal ability along walls in front of the nozzle was not affected. 

 

Figure 19. The lights were positioned within the cover which is placed on top of the nozzle.   

To receive a robust and inexpensive solution the suggested nozzle was powered by two AAA alkaline 

batteries which were positioned within the cover on top of the nozzle, as shown in Figure 20. To 

maintain a consistent voltage, a boost converter, increasing the output voltage was connected to the 

batteries.  

 

Figure 20. The two AAA batteries were positioned within the cover. 
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4.2 Materials and manufacturing 
To minimize the number of parts which had to be modified, the suggested nozzle had the LED lights 

as well as the battery holder integrated in the cover. This resulted in a complex design of the cover 

which is why it will be injection molded in ABS. The battery contacts were attached to the battery 

holder by sliding them between the rails as shown in Figure 21. The battery contacts were nickel 

plated, like the batteries, which minimizes the risk of galvanic corrosion. The cords were pulled 

through the holes in the battery holder to be connected to the rest of the components inside the cover. 

The battery contacts were flexible with a spring in one end.  

 

Figure 21. The battery holder was integrated in the housing and the battery contacts were attached to the battery 
holder and kept in place by the rails. 

The lid of the battery holder will also be made out of ABS and it will be injection molded separately. In 

order to attach the lid to the battery holder the lid was equipped with a snap fit positioned as shown in 

Figure 22.  

 

Figure 22. The lid of the battery holder is connected by the help of a snap fit. 

To protect the lights from dust and batter, a transparent cover will be attached in front of the lights. 

The cover for the lights could either be made out of PMMA, polymethyl methacrylate, commonly 

known as Plexiglas or alternatively PC, since both of these materials are transparent. But given that 

PC has higher impact strength than PMMA, PC would be better to use for the cover which will take on 

some batter while vacuuming. The cover for the lights will be injection molded and attached to the 

cover of the nozzle by the use of snap fits in order to simplify the assembly and increase the 

possibility for recycling.  

The electronic components, including the LED lights, will be positioned on a printed circuit board, 

PCB, such as the one shown in Figure 23. 

 

Figure 23. The electronic components including the LED lights will be placed on a PCB. 

Rails 
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5 POWER TO THE LIGHTS 

At the first meeting with the project steering committee, the PPI meeting, the ideas regarding power to 

the lights were presented and evaluated and it was decided that focus would be on batteries. The 

generated ideas prior to that decision are presented in this chapter. 

The use of batteries which are exchangeable by the user minimizes the cost and the number of loose 

components of the suggested nozzle. Rechargeable, secondary, batteries would require some sort of 

charging device why these were not suggested. The number of cells and the kind of batteries which 

were to be used in the final solution are further examined in Chapter 8.2. The ideas which were 

deselected in favor of batteries are presented below. 

5.1 Generating ideas 
The ideas regarding how to power the lights were developed by investigating solutions to similar 

problems in other fields. Semi-structured interviews were also done with employees at Electrolux with 

expertise in areas such as electronics, mechanics and vacuum cleaners in general. The ideas which 

were generated regarding power to the lights are shown in Figure 24. 

 

Figure 24. Ideas on different ways to power the lights, the dotted lines represent the possibility of joining the 
usage of rechargeable, secondary cells together with other power sources to enable a constant power. 

The nozzles which Electrolux have today where electricity is present are using cords to the vacuum 

cleaner. Though, putting cords in the nozzle demands other parts of the vacuum cleaner to be 

modified as well. A turbine could be put inside the inlet of the nozzle, as is the case in turbo nozzles, 

and a generator could be used to convert the mechanical power into electrical power. Although, 

putting a turbine within the nozzle would result in a decreased airflow. Nevertheless, if a turbine was 

to be used for powering the lights, it could be less powerful than the one used in Electrolux’s turbo 

nozzles since LED lights do not require as much power as the brushes.  

Power to the lights could also be generated by a dynamo on one of the wheels of the nozzle. 

Dynamos are generators which convert mechanical rotation into electric current by the use of rotating 

coils of wire inside a magnetic field. Solar cells could also be put on the nozzle for electricity 

production. Solar cells produce direct current from light. Both dynamos on the wheel and solar cells 

could also be used together with rechargeable batteries for charging of them. Two more complex 

power sources could be to make use of the movement that appears in the joint between the nozzle 

and the hose or to put small fuel cells within the nozzle. However, all of the above mentioned ideas 

would be much more complicated and more expensive than the use of primary cells. 

 

5 
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There is also the possibility of making a dock station to charge the batteries. This could, for instance, 

be put on the part of the vacuum cleaner where the nozzle is placed when being parked. Though, this 

would require the vacuum cleaner to be modified as well, which contradicts with one of the design 

constraints.    
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6 ACTIVATION AND DEACTIVATION 
OF THE LIGHTS 

At the PCP00 meeting with the project steering committee it was decided that the lights would be 

activated and deactivated automatically when the vacuum cleaner is turned on and off. This chapter 

presents the ideas and concepts prior to that decision. 

Before the PCP00 meeting the chosen concepts were compared by means of Pugh’s method. This is 

a method which aims at giving insight in which of a number of concepts is the best suited alternative 

by comparing them to each other in its ability to meet certain criteria (Ullman, 2010). The criterions 

which were used were the product design specifications which are affected by the decision on which 

activation and deactivation method to use. The weighting of the criterions were determined by 

whether the criteria was a constraint or a wish in addition to the estimated importance of the criteria. 

Within Pugh’s method, one of the concepts is chosen to be the datum, the concept which the others 

are compared to (Ullman, 2010). The final decision matrix is shown in Appendix 1 and the concepts 

which were compared are described in Chapter 6.2. The ideas regarding how to activate and 

deactivate the lights, from which the concepts were further developed, are presented in Chapter 6.1 

below. 

6.1 Generating ideas 
Ideas on activation and deactivation of the lights were developed by investigating solutions to similar 

problems in other fields, such as toys and other devices with integrated lights. A brainstorming 

session was also brought out together with some employees at Electrolux to further investigate the 

matter.  

Since a passive nozzle is independent of the vacuum cleaner, no indication is received on when the 

vacuum cleaner is activated. Therefore, activation would necessarily not need to happen as soon as 

the vacuum cleaner is turned on. Table 3 shows some ideas regarding at which point the lights could 

be activated as well as the triggers which could be utilized for each occasion. 

Table 3. Different ideas concerning at which point the lights could be activated and what triggers could be used 
for this to happen. 

LIGHTS ARE ACTIVATED WHEN TRIGGER

Air flow inside the nozzle

Static electricity inside the nozzle

The noise from the vacuum cleaner

Putting the nozzle on the floor Connection between nozzle and surface

Movement in the joint

Detecting the relative motion of the  surroundings

Rotation in the wheels

Acceleration forces inside the nozzle

Pushing a button

Putting the nozzle close to a magnetic field

Bumping the nozzle to a surface

Attaching the nozzle to the vacuum cleaner Connection between tube and nozzle

Turning on the vacuum cleaner

Moving the nozzle

Activating manually
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To illustrate the sequences of events depending on at what point the lights are to be activated, a few 

flowcharts were done which can be found in Appendix 2.  

Brainstorming 

To come up with as many ideas as possible on how activation and deactivation could be done at the 

different points stated in Table 3, an idea generation session was completed together with some 

experts at Electrolux. There are several group-oriented methods which could be used to generate 

ideas where brainstorming is one of the most common ones (Ullman, 2010). During a brainstorming 

session as many ideas as possible are supposed to be generated without criticizing the ideas 

(Ullman, 2010). The anticipation is for one member’s ideas to trigger ideas from the rest of the group. 

The brainstorming session was done together with five employees at Electrolux, each with expertise 

in different areas such as mechanics, electronics and general knowledge of vacuum cleaners. The 

session lasted for one hour during which lots of possible solutions to activation and deactivation of the 

lights were generated. The ideas which came up during the session are presented in Figure 25. 

 

Figure 25. Ideas regarding activation and deactivation of the lights, presenting the triggers and possible 
components that could be used. 

To activate and deactivate the lights manually, a switch could be used which might be positioned 

either on the nozzle or on the handle of the tube. Putting the switch on the handle might be more 

convenient, though this would require a remote control. A timer, programmed to switch off the lights 

after a predefined amount of time, could also be connected to the switch to ensure that the lights will 

not be left on when the vacuum cleaner is being stored. Moreover, a switch could be put in the front of 

the nozzle to activate the lights when the nozzle collides with a wall. Though, this behavior would 

probably not appeal to many people, especially since the wall might get damaged. Some sort of a 

current sensor could be put in the nozzle to activate the lights by putting the nozzle close to the cord 

of the vacuum cleaner where a magnetic field is present while the vacuum cleaner is on. However, the 

lights could easily be activated at none preferred times since a household usually have lots of cords 

where a current is running.  
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If the lights were to be turned on and off automatically, there are several aspects which could be 

taken advantage of. The air flow in the nozzle could be utilized by putting a turbine inside the tube that 

would activate the lights as soon as the vacuum cleaner is on. However, putting a turbine inside the 

tube of the nozzle would decrease the airflow. Some sort of an air flow switch with the shape of a 

paddle could be used, closing a circuit as soon as air flows through the tube. When the vacuum 

cleaner is turned off the switch would reset, perhaps with the help of a spring. While vacuuming, the 

paddle should be positioned alongside the inner wall of the tube. 

A sound sensor could also be used to automatically switch on the light when the noise from the motor 

and fans within the vacuum cleaner, while vacuuming, is detected. On the other hand, similar sounds 

could be detected from other equipment than the vacuum cleaner itself, why this would not be a good 

solution. 

A motion detector could be connected to the lights to turn them on as it detects motion. Motion 

detectors are often used with lights in homes and public areas to save electricity when no one is 

around to activate the detectors. At many grocery stores motion detectors are connected to the doors 

for automatic opening when a customer arrives. Infrared motion sensors detect a change in infrared 

rays. When an object, whose temperature differs from the background, enters the detection zone it 

will be noticed by the motion sensor (Panasonic, n.d). A tilt sensor could also be used to detect the 

motion or vibrations appearing in the nozzle while vacuuming to automatically activate and deactivate 

the lights. A simple tilt sensor consists of a metal coat and a small metal ball connected to a number 

of springs. When the sensor is moved the ball will touch the metal coat, closing the circuit. A tilt 

sensor could be put either on the wheel or within the nozzle. There are some children’s toys using this 

technique, like bouncing balls and attachments for car and bicycle wheels. At the store BR toys there 

is a yoyo with four LED lights using a tilt sensor for the lights to shine when spinning the yoyo. The 

electronics used in the yoyo are shown in Figure 26.   

 

Figure 26. This circuit was found inside a yoyo. The four LED lights shine when the circuit is exposed to 
acceleration forces. 

However, when it comes to using a motion sensor or some sort of vibration sensor it is very likely that 

the lights will be activated at none preferred times since the vacuum cleaner might be moved even 

though it is not being used. Therefore, a better solution would be to put a micro switch underneath the 

nozzle, to turn on the lights as soon as the nozzle is put on the floor. Micro switches, shown in Figure 

27, are small switches which are being activated by a push.  

 

Figure 27. The micro switch can be connected in order for the circuit to either open or close when the arm is 
being pushed. 

Tilt sensor 

LEDs 
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Although, it is likely that the nozzle will be left on the floor, for instance when being stored, why some 

sort of device would have to be integrated to make sure that the lights deactivates after some time. A 

micro switch could also be positioned inside the tube of the nozzle to activate the lights when the 

nozzle is connected to the tube of the vacuum cleaner. Although, this might affect the way in which 

the user usually maneuvers the vacuum cleaner since the nozzle would have to be disconnected from 

the vacuum cleaner while storing it and thus conflicting with the design constraints. 

If the lights were to be active only when the vacuum cleaner is on the static electricity appearing due 

to the airflow in the nozzle could be taken advantage of by using some sort of a voltage detector. The 

air stream tears off electrons from surfaces in the nozzle which leads to a difference in the electron 

charge. Non-contact voltage detectors are used to control whether there is a voltage in a part of a 

circuit or in a socket. By detecting a change in the electric field no direct contact with the circuit is 

required, the device can be held on a short distance from the part that is being tested. The electronics 

of a non-contact voltage detector is shown in Figure 28. 

  

Figure 28. A non-contact voltage detector used for detecting a voltage. No direct contact with the circuit is 
required. When a voltage is sensed this is indicated both by the noise maker as well as by the LED light. 

To evaluate if it would actually work to use the static electricity as a trigger, measurements were done 

using a static meter. Different materials were put in the air stream of the nozzle, such as Styrofoam 

and a piece of a microfiber cloth, to see if this would make any difference. The measurements showed 

that the static electricity differs a lot while vacuuming and especially if the air is quite moist. Therefore 

this solution would most likely not give an adequate switch. 

If the lights were to shine only when it is dark a light sensor could be used. Ambient light sensors 

often use photocells that change their resistance depending on the surrounding light (Eriksson, 2003). 

When it is dark, its resistance increases dramatically. This makes it possible to connect the photocell 

to a switch for the lights to shine only when it is dark. However, a switch to turn on and off the lights is 

still needed for the lights not to shine when being stuffed away in a dark closet. 

6.2 Concepts 
At the first meeting with the project steering committee, the PPI meeting, the ideas on how to activate 

and deactivate the lights were presented and discussed. The most preferred idea was for the lights to 

activate when the vacuum cleaner is turned on. Though, the final concept would be a compromise 

between cost and functionality. Therefore, cost analyses were done of the concepts and a few 

prototypes were made to evaluate the functions. The remaining concepts after the elimination of 

concepts during the PPI meeting are shown in Table 4.  

Noise maker 

Sensor 

LED 
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Table 4. The concepts on activation and deactivation of the lights which were to be further investigated. 

LIGHTS ARE ACTIVATED WHEN CONCEPTS

Turning on the vacuum cleaner Air flow switch

Putting the nozzle on the floor Micro switch

Remote control

Button

Activating manually

 

The concepts were further developed and for the more complex solutions simple function prototypes 

were done to evaluate the possibility of the solution. Batteries were used to power the lights in all 

prototypes. 

Concept 1: Micro switch  

The micro switch would be attached underneath the nozzle to activate the lights as soon as the 

nozzle is put on the floor. For the lights not to deactivate as soon as the nozzle is lifted from the floor 

some sort of delay would preferably be used. To ensure that the lights would not stay on if the 

vacuum cleaner is being stored with the nozzle on the floor, the lights should deactivate after a certain 

amount of time. The flowchart in Figure 29 illustrates these sequences of events. The amount of time 

to use for the lights to stay on and off was further examined. 

 

Figure 29. The figure illustrates the flowchart for the lights when using a micro switch. The lights are illuminated 
immediately when the nozzle is put on the floor.  

A prototype of the micro switch was made using an electronics prototyping platform called Arduino 

(Fry and Reas, 2008). Arduino includes a programmable microcontroller which can be connected to a 

computer and a program, written on the computer, can be uploaded to the Arduino board. To get the 

lights to activate when the switch is pressed and stay on for some time after it is released a code was 

written where the time for the lights to stay on easily could be changed. The full code can be found in 

Appendix 3. The prototype included a micro switch which was powered by the Arduino, from where it 

receives a voltage of 5V, and it was also connected to a port on the Arduino to get inputs on when the 

micro switch is pressed. The LED lights were connected to a port in the Arduino to receive the same 

output signals. These signals were connected to a transistor to switch on and off a load. The LED 

circuit was powered by a 9V battery. The circuit diagram is shown in Figure 30. 



26 
 

 

Figure 30. The switch circuit was connected to port 2 on the Arduino and the LED circuit was connected to port 
13 on the Arduino board. 

The LED lights all had a voltage of 2.4V with a maximum allowed current of 30mA. The resistance 

needed for the lights was dimensioned for a current of 20mA as: 

  
 

 
 

           

        
      

 
(1) 

 

The final prototype of the micro switch on the nozzle is shown in Figure 31. By changing in the 

Arduino code, the time that the light stays on when the nozzle is moved from the floor could easily be 

changed. 

 

Figure 31. A micro switch was positioned on one side of the nozzle to try out the function of the lights activating 
when the nozzle is put on the floor. 

Nevertheless, even though a timer could be connected to the circuit to make sure that the light is not 

left on when the vacuum cleaner is, for instance, being stored, the user might be disturbed by the 

lights not deactivating immediately when the vacuum cleaner is not in use.  

Concept 2: Air flow switch 

The air flow switch would be put in the tube of the nozzle to switch on when there is airflow in the 

nozzle. To do a prototype of a simple air flow switch, a micro switch was remade by attaching a blade 

on the arm of the switch. The air flow switch was connected to the LED lights as well as a battery, as 

shown in the circuit diagram in Figure 32.  
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Figure 32. Circuit diagram of the air flow switch circuit. All the LED lights have a voltage of 2.8V and all the 
resistors have a resistance of 10Ω each.  

What resistors to use together with the LED lights were dimensioned for a current of 20mA per LED 

which resulted in a resistance of 

  
 

 
 

       

        
      

(2) 
 

The air flow switch was put in the air channel inlet of the nozzle as shown in Figure 33. 

 

Figure 33. The air flow switch prototype was made by putting a micro switch with a blade in the air cannel inlet of 
the nozzle. 

The micro switch used in the prototype was not very steady which led to the lights flickering as soon 

as the nozzle was being moved. However, even though a steadier switch could be used there is still 

the risk of debris gathering on the switch, thus decreasing the functionality of the vacuum cleaner 

impairing with a design constraint. 

Concept 3: Button on nozzle  

A button could be placed on the top of the nozzle to manually activate and deactivate the lights. The 

button should be large and robust enough for the user to easily be able to press the button using the 

foot. However, it would still be preferred if the lights were activated and deactivated automatically. 

Concept 4: Remote control 

A remote control could be used to enable activation and deactivation from the handle of the vacuum 

cleaner for a more convenient manual steering of the lights. A transmitter could be put on the handle 

and a receiver could be put within the nozzle which would be connected to the lights. The switch 

could either be a momentary switch where the lights shine as long as the button is being pressed or 

else it could be a regular pushbutton switch where the lights are turned on by pushing the button 

once. Although, since the nozzles should be able to be sold separately this would mean that the 

remote control would have to be attached to the handle by the user. 
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6.3 Estimated costs of components 
Since the final cost of the product is of great importance, it was essential to get an idea of the costs of 

the components already at this stage of the product development. Therefore, the costs for each 

activation and deactivation concept were estimated. For most of the components the prices were 

found on websites selling electronic components, such as Digi-Key. In case the prices were given for 

relatively small batch sizes, the mass production price was estimated to be 70% of the given price. 

For the paddle switch, a suitable component was not found why the price was estimated to be twice 

as much as for the micro switch. The complete list of the estimated costs is shown in Appendix 4. 
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7 INTEGRATING THE LIGHTS 

The lights of the suggested nozzle were integrated in the cover which is positioned on top of the 

housing of the nozzle. This chapter presents the ideas and concepts prior to this decision. 

The reason why the lights were positioned on top of the nozzle is because this position does not 

affect the dust removal ability in front of the nozzle. Another idea which was also up for consideration 

was to put the lights in front of the nozzle. This solution would lead to the dust removal ability in front 

of the nozzle being affected. However, initially it was considered to be the best solution since putting 

the lights closer to the ground would result in an enhanced raking light as well as the area right in 

front of the nozzle being illuminated. Although, after trying out the prototypes, the difference in raking 

light between the two positions of the lights turned out to be insignificant and the area which was not 

illuminated when putting the lights on top of the nozzle was found to stretch approximately one 

centimeter in front of the nozzle. Since the functionality of the nozzle was considered to be more 

important than the functionality of the lights the final position of the lights was chosen to be on top of 

the nozzle. The ideas and concepts regarding the positioning of the lights, including the ones which 

were rejected, are presented in Chapter 7.1 and 7.2.  

7.1 Generating ideas 
Some of the product design specifications stated in Chapter 3 had an impact on the placement of the 

lights and these had to be taken into account when deciding on how to integrate the lights. For 

instance, since the dust removal ability along walls in front of the nozzle should rather not be 

decreased, the thickness of the frontal part of the housing should be increased as little as possible. 

Moreover the lights should be protected from dust and be able to take on some batter. The lighting 

apparatus should be fitted inside the nozzle, where there is not much space because of the 

mechanism for pulling the brushes in and out. Sketches were done of some of the potential 

placements of the lights within the nozzle and these sketches are shown in Figure 34. 

 

Figure 34. The sketches illustrate ideas regarding how to integrate the lights to the nozzle. The arrows indicate 
whether the lights would increase the height or the length of the nozzle.  
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7.2 Concepts 
Three concepts were developed regarding different ways to integrate the lights to the nozzle. 

Prototypes were done on each of the concepts since where to put the lights was most easily decided 

by testing the different concepts. The exact design of the integration of the lights will be decided by a 

designer and therefore the concepts only regard the sheer placement of the lights. 

Concept 1: Lights on top 

This concept was the one which was chosen for the suggested nozzle due to the fact that by putting 

the lights on top of the nozzle the dust removal ability along walls is not jeopardized. However this 

positioning of the lights makes the whole nozzle a bit more ungainly. Though, since the nozzle is 

sloping in the front, the maximum height of the nozzle is not increased. The prototype of the lights on 

top of the nozzle was done by creating an SLS model of the cover. SLS stands for Selective Laser 

Sintering and is a method for rapid prototyping where a CAD model is used to make a physical 3D 

model which is constructed by using a laser to sinter a thin powder bed (Möller, 2010). By steering the 

laser to only sinter the wanted parts of the powder bed, the model is built up by layers of 0.1mm, until 

it is completed (Möller, 2010). The excess powder which has not been sintered is easily removed from 

the model. The CAD model of the cover is shown in Figure 35. 

      

Figure 35. CAD model of the cover for the nozzle, with space for placement of the lights. 

The physical prototype of the lights on top of the nozzle is shown in Figure 36. 

 

Figure 36. The SLS model of the cover was attached to the nozzle for placement of the lights. 

Concept 2: Lights in the front 

Putting the lights in the front of the nozzle would preferably increase the thickness as little as possible 

not to diminish the dust removal ability along walls in front of the nozzle. By putting the lights in the 

lower part of the housing, the thickness of the frontal part of the nozzle is not increased, as shown in 

Figure 37. 
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Figure 37. The figure illustrates the prototype of the lights in front of the nozzle where the four LED lights are 
attached to a PCB, printed circuit board.  

Although, some sort of cover for the lights would be essential since this part of the nozzle has to 

endure external stresses. The cover could be made of a thin layer of some sort of transparent, hard 

plastic, which would increase the thickness with a couple of millimeters. 

Concept 3: Optical conductor 

Optical conductors are used to transport light beams with minimal losses (Manneberg, 2011b). An 

optical conductor could replace the cover of the nozzle for integration of the lights. The light beams 

are transported with the help of total reflection which occurs in a material with a higher refractive 

index, n1, than the refractive index of the surrounding, n2 (Manneberg, 2011b). When this is fulfilled, 

light beams striking the medium boundary with a sufficiently large incident angle, θ1, will be totally 

reflected as shown in Figure 38.  

 

 

Figure 38. Total reflection occurs when a light beam from a material with a higher refractive index than the 
surrounding strikes the medium boundary with a sufficiently large incident angle. 

A sufficiently large incident angle implies that the angle needs to be larger than the critical angle, 

θcritical, which can be calculated using Snell’s law (Manneberg, 2011b): 

                 
(3) 

 

Total reflection occurs when θ2>90° and therefore θ2=90° gives the critical angle, θcritical, which is 

calculated as 

                (
  

  

)  
(4) 
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One material which could be used to direct the light in the nozzle is PMMA. PMMA has a refractive 

index of n1=1.49 and the surrounding air has a refractive index of n2=1.0003 (Manneberg, 2011c). This 

gives a critical angle of 

                (
      

    
)       

(5) 
 

The critical angle for total reflection was taken into account when doing a prototype of an optical 

conductor. The prototype was made of a 3mm thick PMMA sheet. The lights from the Ergorapido 

were fastened at one end of the plastic sheet as shown in Figure 39. 

 

Figure 39. An optical conductor was made by a PMMA sheet and four LED lights. 

The prototype showed that scratches and other impurities lower the efficiency of the optical conductor 

since light is emitted from these places. Examples of this are the bubbles in the bottom right corner of 

the plastic sheet which emerged when overheating the plastic. Since scratches of the optical 

conductor would risk lowering the efficiency of the light, some sort of cover would probably be needed 

to protect the surface. This would result in the optical conductor not being a more compact solution 

than the lights in front of the nozzle why this concept was disregarded. 

  



33 
 

8 EXAMINING THE SPECIFICATIONS 
OF THE COMPONENTS 

The suggested nozzle contains four LED lights powered by batteries and the lights are activated and 

deactivated automatically when turning on and off the vacuum cleaner. To determine the 

specifications of the components, this chapter aims at investigating the requirements of the LED lights 

and the batteries as well as the electronics needed to complete the solution.   

8.1 Illumination 
It was decided that four white LED lights would be incorporated in the final solution. In order to 

examine the difference between using four SMD LEDs and four single-die LEDs, the two alternatives 

were arranged and compared as shown in Figure 40. The LED lights were positioned on the nozzle 

and in the pictures on the first row, the LEDs are directed parallel to the floor and in the pictures on 

the second row the LEDs are directed slightly more towards the floor. 

       

       

Figure 40. The two pictures to the left show four SMD LEDs and the pictures to the right show four single-die 
LEDs mounted on the nozzle. In the pictures on the first row the LEDs are directed parallel to the floor and in the 

second row the LEDs are directed slightly more towards the floor.  

By comparing the alternatives of the different LED lights it was decided that four SMD LEDs would be 

used since these spread the light more evenly over the illuminated surface. It was also decided that 

the SMD LEDs will be directed parallel to the floor. The lights should have the same specifications as 

the lights of the Ergorapido, videlicet a luminous flux of 4lm and a luminous intensity of 1300mcd. The 

lights used in the Ergorapido need a voltage of minimum 3V, but preferably 3.2V. A search for white 

SMD LED lights with the same specifications as for the lights of Ergorapido but with a lower required 

voltage did not give any results. For instance, at Digi-Key, the white SMD LED lights with a luminous 

intensity of between 1300-2000mcd all required a voltage of between 3.2 and 3.5V (Digi-Key, n.d.). 

Consequently, the final solution should contain the same LED lights as used in the Ergorapido and 

the specifications of these lights can be found in Appendix 5. 
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8.2 Batteries 
By parallel connecting the four LED lights, the total current in the battery is the sum of the current 

through each lighting source, resulting in the current of 

                          
(6) 

 

in the batteries where I1, I2, I3 and I4 are the current in each LED light. For the batteries to last for 26 

hours, as stated in the product design specifications, they should have a capacity of at least 

                  
(7) 

 

The voltage of the batteries should be at a minimum of 3V, but preferably 3.2V. The most commonly 

used battery cell formats are the AA and AAA batteries, also called penlight cells (Battery University, 

n.d.a). Penlight cells can be non-rechargeable, primary, cells or rechargeable, secondary, cells. The 

penlight primary cells have a voltage of 1.5V and therefore, to obtain a voltage of 3V, two batteries 

must be serial connected. Secondary penlight cells usually have a lower voltage than the 

corresponding primary cells which needs to be considered when choosing batteries since the user 

might replace the primary cells with secondary cells. AA batteries are larger and have a higher 

capacity than AAA batteries and the energy cost of AAA batteries are twice as high as for AA 

batteries (Battery University, n.d.a). The capacity and retail price of three primary and two secondary 

penlight cells are shown in Table 5. 

Table 5. Capacity and retail price of the most commonly used penlight cells, both primary and secondary cells 
(Battery University, n.d.a) 

C-Zn Alkaline
Lithium         

(Li-FeS2)
Ni-Cd Ni-MH

 AA 400-1700 1800 - 2800 2500 - 3400 600 - 1000 800 - 2700

AAA ~300 800 - 1200 1200 300 - 500 600 - 1250

 AA 0.40 - 2.80 3.00 - 5.00 4.00 - 5.00

AAA 1.50 - 2.80 4.00 - 5.00 4.00 - 5.00

Not available in 

most stores

PRIMARY CELLS SECONDARY CELLS

Capacity  [mAh]

Retail price [USD]
Not available in 

most stores

 

Alkaline are the most commonly used primary cells, while C-Zn batteries are usually not available in 

stores. Instead, the C-Zn batteries are generally provided with consumer devices where batteries are 

included and these batteries are the least expensive of the three primary cells (Battery University, 

n.d.a). Lithium batteries normally deliver 3V, but to serve as an alternative to the other AA and AAA 

primary cells the Li-FeS2 produces 1.5V (Battery University, n.d.a). Li-FeS2 has a higher capacity than 

the other penlight primary cells but on the other hand it is more expensive. Some other lithium 

batteries are the lithium button cell batteries and camera batteries. Lithium button cell batteries are 

small batteries with a diameter of around 20mm and a height of around 5mm. They have a voltage of 

3V and the capacity can exceed 1000mAh. Though, these batteries can be expensive. At Elfa 

Distrelec the prices for lithium button cell batteries range from around 1.2 to 65 USD a piece (Elfa, 

n.d.).  

Since the final cost of the solution is essential, it was decided that the batteries which would be used 

in the nozzle were penlight cells. Furthermore, the use of penlight cells would facilitate the exchange 

of batteries for the user since these are easy to acquire. The least space requiring would be to use 

AAA batteries, though the AA batteries contain a higher capacity.  
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Something that needs to be considered when choosing batteries is the discharge voltage of the 

battery resulting in the voltage decreasing while the battery is being drained. The discharge voltage of 

an Li-FeS2 battery is more stable than the discharge voltage of an alkaline battery as shown in Figure 

41.  

 

Figure 41. Discharge voltage (smooth line) and inner resistance (dotted line) of an alkaline and an Li-FeS2 
penlight battery when exposed to a pulsing load of 50mA (Battery University, n.d.a). 

Furthermore, the user might replace the batteries with secondary cells which contain a voltage of 1.2V 

instead of 1.5V. However, the average discharge voltage of an alkaline primary cell is about 1.2V, 

which is the same as the voltage of a secondary penlight cell (Green Batteries, n.d.). The discharge 

voltage of an NiMH secondary cell remains at about 1.2V during the full cycle (Green Batteries, n.d.).  

Another aspect which needs to be considered when deciding what batteries to use is the self-

discharge, the electrical capacity of the battery which is drained while the battery is not being in use. 

Self-discharge affects all batteries to a varying degree and it increases with age and temperature of 

the battery (Battery University, n.d.b). Primary cells, such as lithium and alkaline, has lower self-

discharge than secondary cells. A primary lithium cell has an estimated self-discharge of 2% per year 

and an alkaline cell has an estimated self-discharge of 2-3% per year (Battery University, n.d.b). 

For a cheap, but still long lasting battery, it was decided that alkaline primary cells were to be used. 

However, since the discharge voltage of alkaline cells drops rapidly, some sort of boosting of the 

voltage would be required to maintain a stable illumination.  

Life length of batteries 

Two tests were done to determine the actual life length of the batteries where two AA alkaline 

batteries were used in one test and two AAA alkaline batteries were used in the other test. The 

batteries were serial connected to the four LED lights and the circuit was then left on until the 

batteries were drained and the lights ceased to shine.  

The capacities of the alkaline batteries used in the tests were unknown. The EU commission recently 

stated new regulations about labeling of capacity of batteries saying that all secondary cells shall be 

marked with a label containing information about the capacity of the battery (EU Regulation, 2010). 

The purpose of this regulation is to make it easier for consumers to choose a longer lasting battery 

(EU Regulation, 2010). Today, the regulations only apply to secondary cells, but eventually they will 

apply to primary cells as well (EU Regulation, 2010). Accordingly, the capacities of the primary cells 

used in the tests remained unknown.  

The tests resulted in a life length of the alkaline AA batteries exceeding 200 hours and the alkaline 

AAA batteries exceeding 100 hours. 
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8.3 Electronics  
In order for the lights to operate in the same manner regardless of which batteries are being used, the 

output voltage ought to be boosted to an adequate level. Some electric components were also used 

for the purpose of receiving a stable illumination which does not flicker while vacuuming. 

Boost converter 

Since the user might replace the batteries with secondary cells, this would decrease the efficiency of 

the lights. For that reason a boost converter was used to ensure a constant output voltage. A boost 

converter is a kind of a DC/DC step up converter which increases the voltage to receive a higher 

output voltage. The boost converter which was used in the suggested solution had an input voltage 

range of 1.8V to 6V and an efficiency of up to 85% (Texas Instruments, 2007). The size of the boost 

converter, without any components connected to it, is 3x3mm. The specifications of this boost 

converter can be found in Appendix 6. 

Illumination tests 

In order to try out the difference in illumination between using the boost converter and not using it, 

tests were done where the illumination was measured using a digital illuminance meter. The 

measurements were done at a constant distance from the LED lights every fifth hour while the 

batteries were being drained. The batteries which were used in the tests were alkaline AA primary 

cells and alkaline AAA primary cells. The lights which were used in the tests were the same as the 

ones which are used in the Ergorapido. However, the lights which were connected to the boost 

converter had to be reconnected from parallel to serial since the boost converter was modified for the 

use of four serial connected LED lights. The illumination tests of the alkaline batteries with and without 

using the boost converter are shown in Figure 42 and the exact measured values of the illuminations 

can be found in Appendix 7.  

 

Figure 42. The illumination was measured for AAA as well as AA batteries with and without the use of a boost 
converter.  

When not using a boost converter the illumination decreases from the very beginning of the discharge 

of the batteries. This has to do with the fact that the discharge voltage of alkaline cells are dropping 

rapidly. However, when using a boost converter the illumination stays quite stable for the first 20h, 

when using two AA batteries, and for the first 15h when using two AAA batteries, before the level of 

illumination drops. This is when the input voltage falls below the required minimum input voltage of 

the boost converter of 1.8V. To be able to compare the results with the actual lights of the Ergorapido, 
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measurements were done with the same parameters as for the previous tests giving a constant 

illumination of 10lx.  

Filter and delay 

To ensure that the light will not flicker while vacuuming, a filter and delay circuit was connect to the 

components. The delay is to keep a steady illumination which will not flicker if the signal is cut for a 

split second. The main part of the filter and delay circuit is an RC filter, a resistor-capacitor circuit. The 

simplest kind of an RC filter consists of one resistor and one capacitor (Johansson, 2006). Since a 

capacitor can store electrical charge it can be used to time control the circuit. The filter and delay 

circuit which was used in the suggested solution is shown in Figure 43. 

 

Figure 43. The filter and delay circuit used to minimize the disturbance of the light. 

The specific components used in the filter and delay circuit were decided by the use of LTspice IV 

(Linear Technology, 2012), which is a simulator software used to evaluate circuits. By changing the 

values of the components the performance of the circuit can immediately be observed. The values of 

the components of the filter and delay circuit were set to the data shown in Table 6. The two 

transistors are standard components with the part number shown in the table. 

Table 6. Data of the components used for the filter and delay circuit. 

Component C R1 R2 R3 R4 R5 R6 Q1 Q2

Data 2.2µF 10kΩ 10kΩ 10kΩ 5kΩ 33kΩ 33kΩ BC327-25 BC547C
 

To try out the circuit before connecting it to the rest of the components an oscilloscope was used to 

test the impact of the filter and delay circuit. An oscilloscope is an electric measuring instrument which 

detects how a voltage varies over time and displays it in a graph. When connecting the filter and delay 

circuit to the other components no voltages were detected by the oscilloscope while the lights were on 

which confirms that the circuit is suitable for the suggested solution. 

8.4 Suggested specifications 
The total weight of all added parts within the suggested nozzle is roughly 45g, the life length of the 

batteries exceeds 100 hours and the LED lights have an operation life of 1 000 hours. The decision to 

put the lights on top of the nozzle resulted in a loss of illumination right in front of the nozzle and this 

area stretched 1.5cm. 

Furthermore, the balance of the nozzle was maintained by positioning the batteries rather 

symmetrically on top of the nozzle. The suggested nozzle did not affect the previous functionality of 

the nozzle, such as the dust pick up capacity. Moreover it was easier to detect dust within areas 

where the ambient light is dimmed when vacuuming with the suggested nozzle than when using a 

nozzle without any lights and finally, the lights were activated and deactivated automatically. 
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9 DISCUSSION 

The suggested nozzle is a fully functioning nozzle fulfilling all constraints stated in the product design 

specifications. The lights of the final prototype are activated automatically when turning on the 

vacuum cleaner and no power is being drained while the vacuum cleaner is switched off. The wishes 

stated in the product design specifications were also met with one exception concerning the 

illumination right in front of the nozzle. The placement of the lights on top of the nozzle led to a loss of 

illumination closest to the nozzle. This was the result of a compromise which was made to obtain the 

dust removal ability along walls in front of the nozzle, since the alternative was to put the lights in front 

of the nozzle. The dust removal ability was considered to be a more important quality of the nozzle 

than the size of the illuminated surface, since dust removal has to do with the functionality of the 

nozzle.  

The nozzle could be used with the suggested components. However, a more suitable boost converter 

could probably be found on the market. By using a boost converter which requires a lower minimum 

input voltage than the selected one, a stable output voltage can be maintained for a longer period of 

time. Since the illumination of the lights connected to the boost converter remained at a higher level 

than the lights of the Ergorapido, the output voltage could be lowered which would further prolong the 

more intense illumination of the lights. Moreover, Texas Instruments might not have the most cost-

effective converters on the market and cheaper alternatives could most likely be found.  

One reason why the added components were placed in the cover was to minimize the number of 

parts of the nozzle which had to be modified. Since the nozzle with lights will be an alteration of an 

existing model it was preferred that as few parts as possible were modified which would result in the 

need for fewer new injection molding forms which simplifies the manufacturing of the nozzle with 

lights. Snap fits were used to connect most parts of the suggested nozzle. This would minimize the 

time and effort needed during manufacturing of the nozzle. Furthermore it increases the possibility of 

the user recycling the different plastic parts. 

The product management flow was a usable method which took lots of aspects of product 

development into consideration. It was especially good to have the project steering committee 

meetings where the work progress was discussed and inputs were given from people with 

considerable experience when it comes to developing vacuum cleaners. Several physical models 

were made to explore the possibility of different solutions. This was a good way to directly determine 

which solutions were not good enough. 

There seems to be a market for passive nozzles with lights and therefore there is a possibility of the 

suggested nozzle reaching the market. However, there is still a long road ahead before having a 

product which is ready to reach the market. For instance, the components should be further optimized 

by experts in electronics and the design of the cover should be reshaped to obtain a more compelling 

form. To make sure that the suggested nozzle will withstand the usage, durability tests such as the 

nozzle fall test should also be conducted. 
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Appendix 1 – Pugh’s matrix 

The concepts regarding activation and deactivation of the lights were evaluated using a decision 

matrix called Pugh’s matrix. The matrix is shown below. 
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The total cost of the lighting apparatus 

is minimized
20 1 -1 1

-1 -3 0

-10 -25 25

Choosing a concept for activation 

and deactivation of the lights

D
a
tu

m

Total

Weighted total  

 

  



 

Appendix 2 – Flowcharts concerning activation and deactivation 

           of the lights  

To get a feeling of the events that follow depending on at what point the lights are to be activated and 

deactivated some flowcharts were illustrated.  

If the lights were to be turned on when the nozzle is moving the flowchart is shown in the figure below. 

If the nozzle is moving for more than 0.5 seconds the lights will be illuminated and if the nozzle is 

immobile for more than 1 minute the lights will be switched off.  

 

The figure illustrates the flowchart for the lights being illuminated when the nozzle is moving. 

If the cord of the vacuum cleaner was to be used as a magnetic field to activate the lights the 

flowchart is shown in the figure below. If the nozzle is put close to the cord the lights illuminate right 

away and when the nozzle is than held away from the cord the lights will stay on for, perhaps, 5 

minutes. 

 

The figure illustrates the flowchart for the lights activating as soon as the nozzle is put close to the cord of the 
vacuum cleaner. 



 

Appendix 3 – Arduino code 

Arduino code used for the micro switch prototype: 

 

// Using a micro switch to turn LED on. 

 

// constants: 

const int buttonPin = 2;     // the number of the pushbutton pin 

const int ledPin =  13;      // the number of the LED pin 

 

// variable: 

int buttonState = 0;         // variable for reading the pushbutton status 

 

void setup() { 

  // initialize the LED pin as an output: 

  pinMode(ledPin, OUTPUT);       

  // initialize the pushbutton pin as an input: 

  pinMode(buttonPin, INPUT);      

   

} 

 

void loop(){ 

  // read the state of the pushbutton value: 

  buttonState = digitalRead(buttonPin); 

 

  // check if the pushbutton is pressed. 

  // if it is, the buttonState is HIGH: 

  if (buttonState == HIGH) {  

    // turn LED on:  

        digitalWrite(ledPin, HIGH);    

      

       // keep the LED on while the button is pressed: 

           while (buttonState == HIGH) { 

           buttonState = digitalRead(buttonPin);  

              

               // keep the LED on after the button is pressed     

               delay (3000); //In milliseconds 

           }  

  } 

  else { 

    // turn LED off: 

    digitalWrite(ledPin, LOW);  

  } 

} 

 

  



 

Appendix 4 – Estimated costs of components regarding activation

         and deactivation of the lights 

The costs for the components used for the concepts regarding activation and deactivation of the lights 

were estimated by searching on websites for the components. The table shows the estimated costs. 

 

Component
Name of 

component
Data

Unit price 

[USD]

Unit price [USD] 

(Large batch size)
Manufacturer Reference

Micro switch
SW MINI SNAP 

ACTION
0.3A, 6V 0.27440 0.19208 E-switch

http://www.digikey.se/product-

detail/en/TS0101F020P/EG4934-

ND/2639088

Paddle switch 2*0.27440 0.38416

Pushbutton
SWITCH PUSH 

SPST

20mA, 

12V
0.33210 0.23247 E-switch

http://www.digikey.se/product-

detail/en/TL2203EEF180Q/TL2203E

EF180Q-ND/1805527

TRANSMITTER 300-

450MHZ
2.1-3.6V 0.81000 RFM

http://www.digikey.se/product-

detail/en/TXC100/TXC100-

ND/3307764

RF Receiver IC LP 

SGL CONV ASK

4.5-5.5V, 

4.8mA
1.01291

Infineon 

Technologies

http://www.digikey.se/product-

detail/en/TDA5201/TDA5201INTR-

ND/520128

Remote control 1.276037

 

  

  



 

Appendix 5 – Datasheet of the LED lights 

 

  



 

Appendix 6 – Datasheet of the boost converter 

 

 



 

Appendix 7 – Illuminations of the lights while discharging the 

           batteries 

The table presents the illumination in relation to the discharge of the batteries. The measurements 

were done on alkaline AA batteries as well as alkaline AAA batteries of the brand VARTA High 

energy, with and without the use of a boost converter. 

AA            
No boost 

converter

AA       
Boost 

converter

AAA      
Boost 

converterer

0h 19,5 22 22

5h 11 22 22

10h 8 21 22

15h 7 22 1,5

20h 7 22 1,5

25h 6 15 1,5

30h 4 3 1,5

35h 3,5 2 1,5

40h 4 1,5 1,5

45h 3,5 1 0,8

50h 3,5 2 0,4

55h 3,5 1,5 0,3

60h 3 1 0,3

Iluminance (lux)

 

 


