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Sammanfattning 

Syftet med det här examensarbetet är att se över vilken typ av ljuskälla som skulle kunna minska 
energianvändningen men fortfarande bi behålla kossornas mjölkproduktion. 
Förbrukningen av el är en faktor som kostar mycket. En källa som bidrar till detta är just 
ljusarmaturerna i lador. Ljuset från dessa krävs för att reglera melatonin nivån hos korna så de 
producerar optimalt med mjölk.  
Ett tidigare projekt utfört av tio studenter från KTH undersökte samma uppgift och kom fram till 
att ett byte av ljuskällan till sorten keramisk metallhalogen skulle minska energi användningen. Detta 
blev alltså utgångspunkten för det här examensarbetet, att verifiera den keramiska ljuskällan som ett 
bättre val än dagens ljuskälla, en metallhalogen, samt att undersöka möjligheten av andra tänkbara 
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Abstract 
The purpose of this thesis is to review light sources that could reduce the energy consumption while 
still maintaining the cow’s milk production. 
Electricity consumption is a factor which is expensive. A source that contributes to this is the light 
fixtures in the barns. The light from those required to regulate melatonin levels in the cows so they 
produce optimally with milk. 
 
An earlier project carried out of ten students from the Royal Institute of Technology examined the 
same question and concluded that a change of the light source to ceramic metal halide would reduce 
energy use. This became the starting point for this thesis, to verify the ceramic light source as a 
better choice than the current light source, a metal halide, and to explore the possibility of other 
possible light sources that are more energy efficient. 
The work includes market research, learning of light, DIALux simulations and CAD. 
The result is a verification that the ceramic metal halide lamp is a good choice from an energy point 
with some suggestions about improvements on the previous project design. LED light source has 
been appointed as a strong competitor and a concept fixture of this has been designed. The concept 
design and function of the LED fixture is designed to handle the corrosive environment in the barn 
and IP rating 65, meaning the fixture is protected against water jets and dust. Ideas for future work 
have also been discussed and defined in the section Further work when the development of LED 
and the light goes quickly. 
 
Key-words 
DeLaval, light sources, cows milk production, energy consumption, DIALux, light, 
improvements, cost estimation, CAD.  
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1 Introduction 
1.1 Background 
A project was created by DeLaval to improve their current Farm Lights with their vision and 
main focus in mind.  

One of the visions at DeLaval 

“We make sustainable…” 

 “Reduce the environmental footprint of farms, while improving food production, farm 
profitability and the well-being of the people and animals involved.”  

- DeLaval 

The project was conducted in the course "Integrated Product Development", HM1015, which 
was carried out by ten students from KTH Campus Telge, the report "Product development of 
DeLaval's illumination system to improve energy efficiency" was written and developed. Design, 
function and reduction of energy consumption, were the project's main objectives. The outcome 
resulted in a concept for DeLaval next coming luminary. A prototype was made to illustrate the 
functionality.   

The result needs to be verified and also further investigate if there are other possible light sources 
that can reduce the energy consumption.  
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1.2 Problem Description 
The result of the report "Product development of DeLaval's illumunation system to improve 
energy efficiency" from the course Integrated Product Development, HM1015, needs further 
investigation in order to manufacture the concept of lighting fixture possible. The result of the 
report regarding the concept of the lighting fixture is lacking of information regarding material 
selection, manufacturing, construction cost and environmental impact. 

Further investigation of DeLaval's illumunation system, the FL250F and FL400F, is needed to 
improve its energy efficiency. The concept that was design in the project have a 210W CMH for 
the  

The report brought up the opportunity to lower the fixture for cleaning and maintenance. This 
will be reviewed if time permits. 

The concept that was developed in the report was a fixture with two different light sources 
depending on the ceiling height. One light source of 210 W which would compete with FL250F 
and a 315 W which would compete with FL400F. The concept will be referred to as FL-X. 

1.3 Objective 
The objective of this study is to investigate improvements on the FL-X. 

Research if there are other light sources that from an energy perspective are better than the metal 
halide in DeLavals current armature and develop a concept of how this fixture would look like. 

 Presentation of feasible material choice for the concept fixture. 
 Cost estimation of the FL-X and the concept fixture. 
 Reduce the environmental footprint of the luminarie compared to the existing FL250F 

and FL400F. With the consideration of energy consumption. 

 

If there is any time left after the fixture enhancements, the lifting device will be reviewed. 
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1.4 Delimitations 
 The thesis will not address development of new standard components such as lamps, 

fittings, cables, ballasts etc 
 There will not be any construction drawings for the concept. 
 A prototype will not be constructed. The ten weeks limitation will not be enough for a 

build. 

1.5 Solution method 
Information gathering 

 Literature. 
 Electronic databases. 
 Interviews. 
 Lab 

Simulations and Design 

 CAD.  
 Light calculations (DIA Lux). 

Evaluation Methods 

 Pugh matrix. 

Methods Development 

 Brainstorming. 
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1.6 Specification of requirements 
Documents required:  
All documentation must be documented in KTH's BILDA-System. 
Schedule and meetings shall be documented. 
DIALux- and CAD-files shall be documented. 

Functional requirements:  
The luminary shall withstand at least IP class 65 to protect it against dust, moist and water from a 
powerful water jet during cleaning. The chosen light source shall have a cool white light.  
The fixture shall include a concept designed to enable night lighting, in order to not disrupt the 
cows' sleep patterns. 
The surface temperature of the lighting fixture shall not exceed 90°C.  

Illumination of an average 180-200 lux at one meter above the ground, shall be distributed over 
the whole area of the barn regardless the installation height of the lighting fixture. A typical barn 
that can be illuminated is 50x20meters with a ceiling height between 5-10meters.  

Material Requirements:  
The material used to build the luminaries should be durable enough to function and stay in a 
harsh environment like dairy barns. To manage dust, moisture, high concentration of ammonia, 
temperatures from -40 °C up to +60°C.  

Design Requirements:  
The physical appearance of the armature will be designed after DeLaval’s design language. 
The weight of the armature with all components shouldn’t exceed 11kg. The FL-X and the 
concept fixture need to be easier for maintenance then the FL250F and FL400F. 

Cost Requirements:  
The production and material cost shall not exceed 100€. If the light source has lower energy 
consumption then the FL400F and FL250F it can cost between 20 to 40% more. 

Environmental Requirements:  
Energy consumption shall be less than that FL250F and FL400F now consumes. 

Maintenance requirements:  
Tool free maintenance; the farmer shall be able to change the light bulb without any tools, and to 
do so with one hand. 

Time Required:  
The thesis should include 15hp which correspond to ten weeks. This means that each person 
should spend a total of 400 hours of work. The entire thesis project includes a total of 800 hours. 
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2 Description of current situation 
At the age of 33 Gustaf de Laval, the year 1978, invented the cream separator, which would be 
the start of one of the world leaders in the dairy production, DeLaval. The separator facilitated 
the separation of cream from milk, with the complicity of a rapidly rotating container, so-called 
centrifuge. Before the invention was introduced, the farmer had to wait until the cream (fat) 
floated up from the milk, and then skimmed off by hand. 

DeLaval originate from AB Separator that Gustaf de Laval founded 1883. Nowadays, the 
company is included in the Tetra Laval Group. The group is a private group that has its 
headquarter in Switzerland, but was founded in Sweden. DeLaval's headquarters is located in 
Tumba, Botkyrka, and has a total of 4.077 employees worldwide. 

They manufacture products to more than 100 markets. Products they have in their line, is range 
from vacuum pumps for milking, to a foot bath for increased comfort for the cow and luminaries 
FL250F and FL400F for the barns, so the cows can produce the right amount of milk every day. 
The company's clients number of cattle varies from one up to 50,000. DeLaval main focus is to 
continuously improve the dairy producers work by providing optimized solutions and service. 

The thesis was performed at DeLaval, Tumba in an open landscape environment where the R&D 
department is located. Our supervisor at DeLaval was located in Glinde, Germany and has the 
title as Product Manager of Ventilation and Illumination.  
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3 Basic theory 
This Chapter handles information that is essential to the project and for a concept development. 

In order to design a light fixture, you must have good knowledge of how the light should light up 
the surroundings and what is affected by the light. In this case, the cow milk production, the 
farmer's orientation during the nights and the facilitation of maintenance of the luminaries. 

Since this thesis is a continuation of another project it was important to read through the 
previous report first. 

 

3.1 The cow 

Productivity 
Light is not only important to humans but also to cows. In the barns where the cows reside, it is 
important to have the right lighting. Milk cows that are exposed to 16 hours of light a day can 
increase milk production by as much as 16 percent, feed intake by 6 percent and retain their 
reproductive capacity, compared to cows receiving 13.5 hours or less of light. The effect on the 
cow is not instant but develops over 2-4 weeks or longer.1  

 

Figure 1, How the cow is affected by the light.2 

  

                                                 
1 DeLaval, ‘Bra kokomfort –fokus på djurvälfärd’[web document](2008) 
<http://viewer.zmags.com/publication/6bad98a9#/6bad98a9/1>, accessed 12 jun. 2012. 

2 DeLaval, ‘Benefits of better light’, [web page] (2011) < http://www.delaval.com/en/-/Product-
Information1/Barn-environment/Products/Illumination/Lamp/DeLaval-Farm-lights/Benefits-of-better-light/>, 
accessed 18 Jan. 2012. 
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Melatonin  
Studies3 show that an illuminance of minimum 180 lux and maximum 200 lux, at one meter 
above ground approximately the eye level for the cow, 16 hours a day is required for optimal milk 
production. The remaining eight hours of the day it´s important to have it dark in the barn with a 
maximum of ten lux.4 

When light reaches the cow’s retina it lowers the melatonin levels. The melatonin controls the 
activity of the cow. As it decreases, the hormone IGF-I increases in the blood. The hormone 
stimulates the activity level and thus its milk production. When it increases, the activity drops and 
the milk yield lowers.5 That is why it is important to keep the melatonin level low during 16 hours 
a day by having high illuminance. 

  

                                                 
3 G.E Dahl and D. Petitclerc, ‘Management of photoperiod in the dairy herd for improved production and health’, J 
ANIM SCI, vol 81. (2003), 11-17, in Journal of Animal Science [online database], accessed 12 jun. 2012. 

4 Delaval, ’DeLaval farm FL250F’ [web document](2007) 
< http://www.delaval.com.pl/NR/rdonlyres/53D867C4-6A9B-47EE-B524-
49C4BE8802EE/0/53570550BR_FarmLightFL250F_4pageBR_Final_web.pdf>, accessed 12 jun. 2012. 

5  DeLaval, Op. Cit. 2. 
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3.2 Relevant terms and definitions for illumination 

3.2.1 Light 
Electromagnetic radiation (EMR) is a transport of energy which travels through space in a 
wavelike behavior. The transport takes place in the wavemotion and it is the wavelength of the 
radiation which determines the type of the radiation, see figure 2. Different wavelength regions of 
electromagnetic radiation are referred to as cosmic, gamma, ultraviolet, visible, infrared and radio 
frequency radiation. The only physically difference between these different types of radiation is 
the wavelength and their quantum energies.6  

 

Figure 2, The figure show the electromagnetic spectrum7 

The visible radiation is located between the ultraviolet and the infrared region, a small area in the 
vast spectra of the electromagnetic radiation. The total effect that a light source radiates is the 
visible radiation, and it has the wavelength range approximately from 380 to 780nm. It is called 
the visible radiation because it is perceived by the human sight and it is not until the eye and 
brain evaluated the radiation that the visible radiation is referred to as light.8 
 
The cones in the eye enable us to see color. There are different types of cones which are sensitive 
to different wavelengths (colors). The humans have three types of cones that are sensitive to 
blue, green and red, see figure 3. If all the cones are stimulated equally the visual perception will 
be white and if none of the cones are stimulated the perception is black. Cows only have two 
kinds of cones and these are sensitive to blue and yellow. This results that cows have difficulties 
to see red colors, see figure 4. 

                                                 
6 Lars Starby, Belysnings handboken,  (Ljuskultur, 1992), page 1 

7 University of California Santa Cruz, electromagnetic spectrum, [online image] (2012), 
<http://www.ic.ucsc.edu/~wxcheng/envs23/lecture5/FG03_03-01UN.JPG >, accessed 2012-06-07. 

8 Lars Starby, Belysnings handboken, (Ljuskultur, 1992) page 12. 
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Figure 3, The light absorption spectra of the three classes 
of cone photopigments, for humans.9 

 
Figure 4, The cow cones sensitive range10 

 
Within the visible radiation spectrum the colors wavelengths: violet, between 380 and 420 nm, 
blue, 420-495nm, green, 495-566nm, yellow, 566-589nm, orange, 589-627nm, and red, 627-
780nm.11 

When optical radiation bounces back without the visible spectra changes frequencies it’s called 
reflection. The reflection always absorbs a little of the radiation when it hits the surface it changes 
direction from, but higher angle of incidence of the radiation, the more it will be reflected. The 
reflection that becomes of the radiation depends on the surfaces reflective properties and can 
produce specular-, diffusive- or mixed reflections, see figure 5.  

Specular reflection reproduces an image of the light source. Very shiny or polished surfaces 
provide a specular reflection, while matte surfaces and snow give diffuse reflection. Diffuse 
reflection occurs when rays strike a surface with tiny disordered element that reflects the 
radiation in different directions12.  

  

                                                 
9 NCBI Bookshelf, Red-Green Color Vision Defects, [online image] (2012),  
<http://www.ncbi.nlm.nih.gov/books/NBK1301/>, accessed 2012-06-12. 

10 Bioscience explained, Nature´s palette, [online image] (2002), <http://www.bioscience-
explained.org/ENvol1_2/pdf/paletteEN.pdf> , accessed 2012-06-07. 

11 Wikipedia, ‘light’, [web page] (2012) <http://en.wikipedia.org/wiki/Light>, accessed 2012-06-12. 

12 Lars Starby, Belysnings handboken, (Ljuskultur, 1992) page 15. 
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Figure 5, Different kinds of reflections13 

 
It’s the light that reflects back that determines which color an object has. For example if a green 
leaf gets radiated, from a light source, it only reflects the wavelengths for the color green, 566-
589nm, the other wavelengths gets absorbed by the leaf. That’s why black objects get warm, 
because it absorbs all the light, while white objects, which reflect all the rays, remains chilled 
when exposed to sunlight.  

                                                 
13 [online image] (2012), <http://farm5.staticflickr.com/4094/4815499473_ccb8b2467c_z.jpg>, 
 accessed 2012-06-07. 



12 
 

Luminous flux and Radiant flux 
Luminous flux and Radiant flux determines how much light a light source emits is the radiation 
wavelengths, and where each of these is located in the human eyes sensitivity range. Luminous 
flux is the quantity that indicates how much light a light source emits. The Si unit for luminous 
flux is lumen, lm, and the symbol Ф. Radiant flux is the total power that is transmitted, 
transferred or received in the form of radiation. The unit is in watt but can also be expressed in 
joules per second14. One watt radiant flux can vary in luminous flux, it’s the wavelengths that will 
determine how many lumen it will deliver. The maximum luminous flux you can get from 1 watt 
radiant flux is 683 lm, and that occurs when the wavelengths is 555nm, see figure 6. 

 
 

Figure 6, The human eye sensitivity range and how the 
wavelengths (nm) is related to the sensitivity (%).15 

 
 

For example a wavelength of 600nm with the radiant flux of 1 watt gives 430lumen: 
	 ∗ 683 	0,63 ∙ 683 	430  

Another way to describe lumen is “the luminous flux within the solid angle of 1 steradian from a point light 
source with the luminous intensity of 1 candela” 16. 

  

                                                 
14 Lars Starby, Belysnings handboken, (Ljuskultur, 1992) page 32. 

15 Optics 421, [online image] (2012)  <http://electron6.phys.utk.edu/optics421/modules/m4/images/m4i2.gif>, 
accessed 2012-06-14. 

16 Lars Starby, Belysnings handboken, (Ljuskultur, 1992) page 33. 
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Luminous intensity 
Is a measure of how intense the light is from a light source or luminaire in a given direction 
expressed with the term luminous flux per unit solid angle. Luminous intensity has the symbol L 
and the Si unit candela. Using calculations of the luminous intensity from a luminaires light or a 
light source, a visual image can be created that show how the light is distributed, figure 7. 
 

 

Figure 7, Visualization of how different shapes of luminaires affect the light distribution. 

 

Data for these calculations may be obtained from Light distribution curve, ISO candela diagram 
or I-tables, see figure 8-10. 

 
Figure 8, The luminaire’s light distribution is measured on 
several C-planes around the luminaire, at least every 15 
degrees around the luminaire. First measurement plane 
(C=0°-180°) the plane is across the lamps’ longitudinal axis. γ-
angles several angles are measured.17 

 
Figure 9, Example of a lighting distribution curve, (cd/klm).18 
 

 

  

                                                 
17Fagerhult, ‘Belysningsplanering’ [web document](2011) <http://www.fagerhult.nl/retail/produkter/teknisk-
info/pdf/belysningsplanering_2011.pdf >, page 491(15/15), accessed 2012-06-14.  

18Fagerhult, ‘Belysningsplanering’ [web document](2011) <http://www.fagerhult.nl/retail/produkter/teknisk-
info/pdf/belysningsplanering_2011.pdf >, page 491(15/15), accessed 2012-06-14 
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Figure 10 Example of an I-table, showing the luminous intensity 
of the C-and γ-plan.19 

Illuminance 
Illuminance is defined as the luminous flux striking a surface per square meter. Illuminance has 
the Si unit lux or lumen per m2. Illuminance in different conditions. 
 
Table 1 – Illuminance in different conditions20 

Condition Illumination (lux) 
Typical overcast day, midday 10 000 – 25 000 
Sunrise 400 
Moonlight < 1 
 
Table 2 – Common and recommended light levels indoor21 

Activity Illumination (lux) 
Simple orientation for short visits 50-100 
Warehouses, Homes 150 
Normal Office Work 500 
 
 

Luminance 
It describes as the luminous intensity in a given direction at a particular area on a light source or 
illuminated surface22.  

                                                 
19 Lars Starby, Belysnings handboken, (Ljuskultur, 1992) page 225. 

20 Wikipedia Daylight, [web page] (2012) <http://en.wikipedia.org/wiki/Daylight> accessed 2012-06-18 
21 Illuminace, [web page] (2012) < http://www.engineeringtoolbox.com/light-level-rooms-d_708.html> accessed 
2012- 06-18 
22 Wikipedia, ’Luminance’, [web page] 2012 <http://en.wikipedia.org/wiki/Luminance>, accessed 2012-06-14. 
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Figure 11, Illustration of photometric quantities23 

 

Luminous efficacy, lm/ W 
Luminous efficacy measure the ratio between luminous flux, the light source emitting and the 
electrical power consumption during use. There are two approaches for obtaining a value for the 
luminous efficacy. The light source manufacturers often calculate on the power usage only for the 
light and the luminous flux for the lamp. The other approach is to also include power loss from 
the ballast and couplings in the calculation, which gives a more precise measurement of the 
luminous efficacy (Total luminous efficacy). 
 

Solid angle 
Is a two dimensional angel in a three dimensional space. Structures like pyramids and cones have 
the characteristic of a solid angle. The Si-unit for a solid angel is steradian, sr, and it has the 
symbols ω or Ω.  A whole sphere has the solid angle 4π steradians.24 

 

Figure 12, Solid angle25 

  

                                                 
23 Lars Starby, Belysnings handboken, (Ljuskultur, 1992) page 119. 

24Wikipedia, ‘Solid angle’, [web page] (2012) <http://en.wikipedia.org/wiki/Solid_angle>, accessed 2012-06-14. 

25 Wikipedia, ‘Solid angle’, [online image] (2012),  
<http://upload.wikimedia.org/wikipedia/commons/thumb/9/98/Steradian.svg/220px-Steradian.svg.png>, 
accessed 2012-06-14. 
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Table 3 Quantity for Photometric characteristics. 

 

Lifespan 
The life of a lamp can be measured in several ways. The most common is average lifespan, which 
is the mean time when a large sample of the lamps has burned out. Other ways to measure a 
lamps lifespan is median- and service life. Median lifespan is the time when 50 percent of the 
lamps have burned out. 
To establish the service life, two graphs are multiplied with each other. One of the graphs is the 
“lamp failures” in percent over hours and the other is the lumen depreciation in percent over 
hours. The multiplication of the two curves will end up in a graph over the maintained facility 
luminous flux, described in percent over hours. The service time is when the curve has dropped 
down to 80 percent, that is to say that it is time to review the facility light sources and replace 
them26.  
 

Lumen maintenance 
The lumen maintenance compares the luminous flux from a lights source over time. A new 
source of light has lumen maintenance at a hundred percent and will slowly decrease by time27. 
Lumen maintenance at 70%, L70, is when the light source has lost 30% of its initial luminous 
flux. 

  

                                                 
26 Lars Starby, Belysnings handboken, (Ljuskultur, 1992) page 231. 

27 Philips, ‘LED Reliability and Lumen Maintenance’, [web page] (2012) 
<http://www.philipslumileds.com/technology/lumenmaintenance>, accessed 2012-06-18. 

Quantity Symbol Si unit Symbol Mathematical 
Luminous flux Ф lumen lm Ф I ∙ ω
Luminous intensity I candela  cd I Ф/ω 
Luminance L candela per square meter cd/m2 L I/A 
Luminous efficacy η lumen per watt lm/W  
Illuminance E Lux (lm/m2) lx E Ф/A 
Solid angle ω steradian sr ω A/r  
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Color Temperature, CCT 
Describes how cold, warm or natural the light from a light source is perceived.  
Warm and cold light, is based on the absolute temperature which begins at absolute zero, 273.17 
Kelvin. The warm light reaches from 3 300K and lower, the cool light 5 400K and higher and 
between these two values we have the white or natural light28. 

 

Figure 13, Illustration of the Color Temperature
29

 

Ultraviolet, UV 
There are three different types of UV-light, UV-A, UV-B and UV-C, these have different 
wavelength which is not visible for the human eye. A = 315 - 400nm, B = 280 - 315nm, C = 100 
- 280nm. These can be dangerous to us if we are exposed to it for a longer period of time e.g. UV 
radiation can cause burn injuries on the cornea and cause cell changes which can lead to skin 
cancer.  The light can also have photochemical effects, meaning that it may fade paper and 
colors.  

The beams damage effect is described by the damage factor which always is marked on the lamp 
you are buying with D/fc, Damage per Footcandela, which indicates the bleaching effect. 

 

                                                 
28 Lars Starby, Belysnings handboken, (Ljuskultur, 1992) page 23-24. 

29 Myphotographylessons, ‘ Kelvin color temerature scale chart’ , [online image] 2012, 
<http://myphotographylessons.com/wp-content/uploads/2011/10/Kelvin-Color-Temperature-Scale-Chart.png>, 
accessed 2012-06-18. 
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Color rendering index, CRI  
Color rendering describes how well a light source 
reproduces colors in comparison with an ideal or natural 
light source. The scale ranges from zero to one hundred, 
where 100 CRI give the most accurate and realistic color 
rendering. The color rendition indicates how well a light 
source enhances the color of an object to the human eye 
perceives30.  

 

 

 

 

 

  

                                                 
30Wikipedia, ‘Color rendering index’, [web page] (2012) <http://en.wikipedia.org/wiki/Color_rendering_index>, 
accessed 2012-06-15. 

31 Luximagazine, ‘ Color rendering index’ , [online image] 2012, <http://www.luxmagazine.co.uk/wp-
content/uploads/Ask-DrJ-2.jpg>, accessed 2012-06-15. 

Figure 14, Color rendering index with 
examples on different light sources CRI 

values.
31
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3.3 Electrical light source and components 

3.3.1 Ceramic metal halide, CMH 
Ceramic metal halide is a part of the group of lamps known as high-pressure discharge lamps 
(HID)32. Unlike regular HID the CMH uses a ceramic burner instead of a quarts glass burner, 
which gives the ceramic metal halide a higher operating temperature33, CRI and 10-30 percent 
higher lumen maintenance. The ceramic tube in these CMH lamps is usually made of sintered 
alumina which are filled with mercury, argon and halide salts. Operating temperature of the arc 
can reach 1 000 centigrades and higher, which makes it possible for CRI value around 96 and a 
increased luminous flux34. Pros against the incandescent lamp are longer lamp life and more 
energy efficiency. Cons are longer startup time and that it contains mercury, which is highly toxic 
for the environment.  The figure below describes the sequence when the light source is turned 
on, figure 15. 

 

Figure 15, description of the startup phase
35

 

  

                                                 
32Lumenistics, ‘Ceramic Metal Halide Lighting Basics’, [web page] (2012) <http://lumenistics.com/ceramic-metal-
halide-lighting-basics/>, accessed 15 juni. 

33 Philips, ‘Basics of light and lighting, [web document] (2008) 
<http://www.lighting.philips.co.id/pwc_li/id_en/connect/Assets/basicsoflight.pdf>, accessed 15 juni. 

34Wikipedia, ‘Keramisk metallhalogen, [web page] (2012) <http://sv.wikipedia.org/wiki/Keramisk_metallhalogen>, 
accessed 15 juni. 

35 BeanAnimal’s Bar and Grill, ‘ HID Lighting Explained’ , [online image] (2012) 
<http://www.beananimal.com/articles/hid-lighting-explained.aspx>, accessed 15 juni 
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3.3.2 Light emitting diode, LED 
LED is a device that allows the current to flow through, in only one direction. When electricity is 
passed through the diode one of two different materials is gaining a high level of energy. The 
material then gets a high level of energy that is too high, which results in that the energy is 
emitted as light. The color of the light depends on the materials in the diode. LED emits hardly 
any ultraviolet (UV) or infrared (IR) radiation36, which is good for use in sensitive environments37.  

LED occurs in many different types, some of them are mentioned here, miniature, mid-range and 
high-power. The high power light emitting diode, HPLED, is affected by the heat quickly and 
will stop working unless the heat is removed38.  

LED can be switched on and off without any start-up time and that without any tearing. Today's 
LED can also be dimmed but that would require dimmable electronic ballast. The lifetime 
depends on the cooling of the diode. The cooling can be achieved with a heat sink on the solder 
point. 

 

Figure 16, LED lamp
39

 

  

                                                 
36Ljuskultur, ‘ Värt att veta om belysning’ , [web document] (2012) 
<http://www.ljuskultur.se/files/Litteratur_Utbildning/Litteratur/Vart_att_veta_om_belysning_med_LED_2011.pd
f>, accessed 2012-07-04 

37 Wikipedia, ‘Lysdiod’, [web page] (2012) <http://sv.wikipedia.org/wiki/Lysdiod>, accessed 2012-07-04. 

38 Wikipedia, ‘Light-emitting diode’, [web page] (2012) <http://en.wikipedia.org/wiki/Light-
emitting_diode#Types>, accessed 2012-07-04. 

39 [online image] (2012) <http://img.illuminno.com/general/LED_cut.jpg>, accessed 2012-07-04. 
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3.3.3 Induction 
Induction lamps create light by an induction coil that produces a very strong electromagnetic 
field which in turn excites the mercury in the amalgam, a solid form of mercury in the interior of 
the bulb, see figure 17. The excited mercury then emits UV-rays. The bulb is also filled with an 
inert gas, that doesn’t react chemically with its environment, the gas is usually argon40. The UV-
rays is then converted into visible light with the help of the phosphor that is coated on the glass 
walls. The glass walls also prevent the UV-C radiation between 253.7 nm and 185 nm. 
Because the induction lamp doesn’t use glow wire or electrodes, to be lit, the service life can be as 
long as 100 000h. Earlier mentioned electromagnetic field may cause interference to other 
electrical components that are close by, see appendix 3. The two main types are external and 
internal inductor lamps, see figure 17. The most popular lamp is the internal, one of the reasons 
is because the external is relatively new on the market, resulting in that it is not so well known. 
  

  

Figure 17, Describes the function of external inductor41 and the internal inductor
42

.                

  

                                                 
40 Edison tech center, ‘ Induction lamps’, [web page] (2012), 
<http://www.edisontechcenter.org/InductionLamps.html>, accessed 21 june. 

41Wikipedia, ‘ External inductor type lamp , [online image] (2012) 
<http://upload.wikimedia.org/wikipedia/commons/e/ec/External_Inductor_Type_Induction_Lamp_Dwg.jpg>, 
accessed 21 june. 

42 Wikipedia, ‘ Internal inductor type lamp , [online image] (2012) 
<http://upload.wikimedia.org/wikipedia/commons/c/c2/Internal_Inductor_Type_Induction_Lamp_Dwg.jpg>, 
accessed 21 june. 
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3.3.4 Plasma or Light emitting Plasma, LEP 
LEP bulb, figure 18, contains a smaller bulb that contains a gas, which emits light when energy is 
applied in form a radio frequency (RF) power. The lamp is containing a noble gas or mixture of 
noble gases and additional material such as metal halides, sodium, mercury or sulfur.  When the 
lamp is in use free electrons and ionized gas accelerated by the RF power, which makes the gas 
and the electrons collide. The collisions creates a higher energy state for the atoms and when the 
electrons are falling back to their original state it sends a photon, which is perceived as light when 
streaming through the phosphor. These types of plasma containing phosphor for visible light are 
called external electrode fluorescent lamps (EEFL)43. 

Instead of electrical ballast for the lamp the plasma lamp needs a RF power supply that fulfills the 
equivalent function. There are two types of technologies that create microwaves for this usage, 
these are called magnetron and solid state RF44. 

 

 

 

 

 

 

 

 

 

 

             

 

Figure 18, Plasma bulb
45

. 

  

                                                 
43 Luxim, ‘Plasma lighting faq’, [web page] (2012), <http://www.luxim.com/technology/plasma-lighting-faq>, 
accessed 19 june 2012. 

44 Wikipedia, ‘Plasma lamp’, [web page] (2012), <http://en.wikipedia.org/wiki/Plasma_lamp>, accessed 19 june 
2012 

45About, ‘plasma’, [online image] (2012), <http://z.about.com/d/greenliving/1/5/c/-/-/-/plasma.png>, accessed 
19 june 2012. 
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3.3.5 Ballast and Driver 
For the light source to work it needs the right amount of amperage and voltage46. That’s what the 
ballast is for. There are different types of ballast for different types of lamps. It can be mounted 
directly in the light source but that makes it impossible to adjust the brightness, an example for 
using this type of ballast is with fluorescent light bulbs. Then there is the most common one, 
where it’s mounted in the armature or in a separate ballast house, usually for normal fluorescent 
lamps, compact fluorescent and HID lamps. 

A separate ballast house can be of advantage if the armature needs to be smaller, lighter or needs 
better cooling. The surrounding temperature is therefore critical for the lifespan of the ballast. 
But there are not only pros for having it in a separate house, if the distance between the armature 
and the ballast housing is to long there is a possibility to affect the ignition voltage or that the line 
can create streams of high frequencies which can cause interferences.47 

Now a days there is even possible to adjust the brightness of some CMH lamps without the color 
of light is affected48.  

There are two main types of drivers for LEDs 

 Constant Voltage 
Converts the mains voltage from 230 V to a stabilized DC voltage of 8, 10, 12 or 24 V. 
This variation paralleled LED and the design is controlled of the total power. Commonly 
used for low and medium power LEDs.  

 Constant Current 
Converts the mains voltage from 230V to a stabilized DC voltage less than 48V, which 
provides a constant current. A typical value of the constant current is 350, 700 or 1050 
mA. This version allows the linking part of the series to the maximum secondary voltage. 
This is commonly used for high power LEDs49 

 

With LED´s there is also the possibility to adjust the brightness in the range of 0-100%, these are 
called dimmable ballasts. With this type of ballast the energy consumption can be reduced and 
increase the life time of the LEDs. The technology that is used is called Pulse-width modulation, 
shortened PWM50. 

  

                                                 
46Ljuskultur, ‘ driftdon’, [web page] (2012) <http://www.ljuskultur.se/fakta-och-miljo/teknik/driftdon/>, accessed 
19 june 2012. 

47 Ljuskultur, ‘ Värt att veta om elektroniska driftdon för urladdningsljuskällor’, [web page] (2012) 
<http://www.ljuskultur.se/fakta-och-miljo/teknik/driftdon/vart-att-veta-om-elektroniska-driftdon-for-
urladdningsljuskallor/>, accessed 19 june 2012. 

48Ljuskultur, ‘ ljusreglering’, [web page] (2012) <http://www.ljuskultur.se/fakta-och-miljo/teknik/ljusreglering/>, 
accessed 19 june 2012. 

49 Ljuskultur, ‘ Värt att veta om belysning’ , [web document] Op. Cit.36. 

50Ljuskultur, ‘ Värt att veta om belysning’ , [web document] Op. Cit.36. 
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3.3.6 Heat sink 
Heat sinks are usually manufactured in aluminum or copper, but there are also graphite heat 
sinks, which is a more expensive alternative. The materials shall have god thermal conductivity 
ability. The heat sinks task is to deflect heat51 that it does by transfer thermal energy from a warm 
object to a cooler fluid medium, in this case the fluid medium generally being air.  To improve 
the contact and conductivity between the heat sink and the object, a thermal interface material 
can be applied.  

When designing a heat sink the material choice is made with the mind of their mass and thermal 
conductivity. Thermal conductivity, k or λ, is measure how well materials conduct heat and is 
measured in watt per meter Kelvin, W/(m·K). The mass is determined by the density, ρ, of the 
material, which is defined as mass per unit volume (cubic meters). The mass density of a material 
varies with temperature and pressure.52 

Table 4 Showing thermal conductivity at 25°C and Density at 20°C. 

Material Thermal conductivity, k, W/(m·K)53 Density, kg/m3 

Aluminum, Al 250 2700 
Copper, Cu 401 8960 
Stainless steel54 16 8000 
Carbon Steel 1%55 43 7801 
 
There are two kinds of cooling, active and passive, see figure 19. The difference between these 
two is that the active one has a fan on top that deflects the heat faster.  

 

Figure 19, active56 and passive57 heat sinks 

                                                 
51 Wikipedia, ‘Heat sink’, [web page] (2012) <http://en.wikipedia.org/wiki/Heat_sink>, accessed  2012-06-20 
52 Wikipedia, ‘Densitet’, [web page] (2012) <http://sv.wikipedia.org/wiki/Densitet>, accessed 2012-06-21. 

53Engineeringtoolbox, ‘thermal conductivity of some common materials and gases’, [web page] (2006)  
<http://www.engineeringtoolbox.com/thermal-conductivity-d_429.html>, accessed 2012-06-21. 

54 Teokonsult, ‘materialdata för rostfri takplåt’, [web page] (2012) 
<http://www.teokonsult.se/plat/rostfri/plat1100.htm>, accessed 2012-06-21. 

55Engineers edge, ‘thermal properties of metals, conductivity, thermal expansion, specific heat’, [web page] (2012) 
<http://www.engineersedge.com/properties_of_metals.htm>, accessed 2012-06-21. 

56 Promoco, ‘active’, [online image] (2012) 
<http://www.promoco.se/imgthumb_detail.php?img=euroflower/images/kylmodulLED.jpg>, accessed 2012-06-
20. 

57 Promoco, ‘active’, [online image] (2012) 
<http://www.promoco.se/imgthumb_detail.php?img=euroflower/images/modulsystem.jpg>, accessed 2012-06-20. 
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3.4 IP Code 
There is an international standard called IP which is a shortening of Ingress Protection Rating. 
The rating describes how sealed a product is. 

The rating is divided into two categories, a "dry" (first digit), which is graded with a number 
between 0 and 6 and a "wet" (second digit), which is graded with a number between 0 and 8. 
These describe how well an electrical product is protected from the environment in which it is 
placed in58. For example a product with the IP code 65 shall be sealed from dust and water jets, 
see figure 20. 

 

Figure 20, IP numbers.
59

 

  

                                                 
58 Wikipedia, ‘IP code’, [web page] (2012) <http://en.wikipedia.org/wiki/IP_Code>, accessed 2012-07-04. 

59Agmar, ‘ip eng’, [online image] (2012) <http://www.agmar.com.pl/images/zdjecia/ip_eng.jpg>, accessed 2012-07-
04. 



26 
 

3.5 Evaluation Methods 
In order to evaluate and select various concepts and products in the project, different types of 
matrices will be used. 

3.5.1 PUGH 
Pugh’s is a decision-matrix method which is used to evaluate concepts. The first step is to choose 
the issue that shall be reviewed. Then the alternatives that are going to be compared are selected. 
The alternatives are the different concepts that resolve the issue. Step three is to choose the 
criteria for comparison. The criteria will then be weighted for their importance. When evaluating 
the alternatives, one concept is used as a datum that the other concepts will be compared against. 
The score is set as zero if the concept is equal with the comparison and one point if it is better. If 
a concept is inferior to the datum, a negative score of one will be given. After the concepts have 
be evaluated with the datum for all criterion, the results will be divided into; number of plus 
scores, minus scores, the overall and the weighted total.60 

 

Figure 21, Pugh’s decision matrix basic structure
61

 

 

3.5.2 DFA 
Design for assembly is a method that already in the design phase of a product, takes the assembly 
in account. Assembly is a big part of the cost for a product and is often resource consuming. In 
order to lower the cost and the assembly time the DFA are implemented. With DFA various 
design suggestions for products can be compared to see which is the most assembly friendly. 
DFA uses a blanket, where the product is rated, with assembly in mind. Points that the product 
can receive are one, three and nine where nine is the best score with an overall score of 162. The 
products are rated if the device has a sandwich design, number of parts, movements the product 
must do, if it is easy to grip, joining and fastening method etc.62 

 

                                                 
60 David G. Ullman, The Mechanical Design Process, ISBN 978-0-07-297574-1, Fourth Edition, McGraw-Hill Higher 
Education ,2010, p.222-224 

61 David G. Ullman, The Mechanical Design Process, ISBN 978-0-07-297574-1, Fourth Edition, McGraw-Hill Higher 
Education ,2010, p.222 

62 David G. Ullman, The Mechanical Design Process, ISBN 978-0-07-297574-1, Fourth Edition, McGraw-Hill Higher 
Education ,2010, p.329-349 
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4 Implementation 
4.1 Improvements of the FL-X 
An analysis of the FL X, see figure 22, was done. The analysis address improvements to the FL-X 
design. Each part of the FL-X was reviewed to see if these could be 
improved from a manufacturing standpoint, material selection and its 
practical use. 
To investigate the light source heat distribution on the FL-X fixture was a 
thermal lab conducted. 

 

4.2 Electrical Light Source 
To find light sources that can compete with the metal halides in the FL400F and FL250F a 
market research was done. Interviews, via mail and meetings, were conducted with 
knowledgeable individuals in the subject of light, in order to gain more knowledge and 
understanding about the subject. 

4.2.1 Comparison 
In order to understand if the different light sources could achieve the correct illumination for the 
cows was simulations made in DIALux, a software for lighting planning. This was made possible 
by IES- and ULD files for the armatures using the selected light sources. These were supplied 
and downloaded from each luminaire manufacturer. 

4.2.2 Evaluation 
A Pugh matrix was used to eliminate and evaluate the different light sources. The evaluation was 
then reviewed by the supervisor at Delaval, to determine the light source which the work would 
examine further. 

  

Figure 22, FL-X 
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4.3 Concept development of the LED fixture 
 

4.3.1 Selection of LED 
In order to develop a concept that is more energy efficient than the HB-20020 fixtures, a market 
search of various LEDs was made. The LED that then was selected was compared with the LED 
used in the HB-20020 fixture. The Cree Product Characterization Tool, PCT63, an online based 
software, was used for the comparison. 

4.3.2 Concept design 
To generate ideas a brainstorming was performed where different ideas on how the design could 
be considered to look like. When the brainstorming for the concept was performed we thought 
of material, manufacturing method, DFA, thermal conductivity, function and the DeLaval’s 
design language. 

Development of the brainstorming was then designed in the CAD program Creo elements, a 
software from PTC64.  

4.4 Cost estimate 
To obtain the cost proposals for the material and manufacturing was a meeting with three 
employees at DeLaval organized. Cost for electronic components was found through internet 
search.  

                                                 
63 Cree, ‘Cree Product Characterization Tool’, [web page] (2012) <http://pct.cree.com/>, accessed 2012-08-06. 

64 PTC, ‘Creo Design Softwaver, [web page] (2012) <http://creo.ptc.com/>, accessed 2012-08-06.  
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5 Analysis 
5.1 Improvements of the FL-X 
The analysis and meeting for the cost estimate shows that improvements on the FL-X armature 
can be made, shown in Appendix 1 and 7. The result from the lab indicates that for a longer 
lifespan for the ceramic metal halide and for electrical and maintenance safety the FL-X should 
be constructed with heat sink housing, see Appendix 2. 

5.2 Electrical light source 
In order to meet the specification of requirements, the energy consumption shall be less than that 
FL250F and FL400F for the light source. It shall also exceed the current farm-lights lifespan. 
Four groups of lamps were investigated that meet these demands. Fluorescent light is one of the 
most common light sources in barns, but it was not an option, due to the "Product development 
of DeLaval's illumination system to improve energy efficiency" report. They removed this type of 
lighting, for its lack of characteristics when installed at high ceiling heights. 
 
To select the most suitable light sources for the concept these criteria was made: 

 The lamp shall have a light temperature of 4000-6000K 
 For the dairy farmers to be comfortable working in the 

barns the CRI shall be between 70-100 
 To avoid constructing different armatures for different 

heights the dim ability of the light source would be an 
advantage. 
 

The reference - Metal Halide  
This is the type of lamp source that DeLaval uses today in 
their products FL400F and FL250F. The FL400F uses an 
OSRAM HQI-BT 400W/D, figure 2365.  

Ceramic metal halide 
The previous project resulted in the choice of a ceramic metal 
halide lamp Master Color CDM-T Elite 315W942 1CT from 
Philips, shown in figure 24. 

Plasma 
The Plasma lamp that has been chosen is manufactured by 
LUXIM. The plasma bulb is included in the product that has the 
ordering code LIFI-STA-41-01, see figure 25  

  

                                                 
65Idealo, ‘osram hqi bt 400, [online image] (2012) <  
http://cdn.idealo.com/folder/Product/712/7/712781/s3_produktbild_gross/osram-hqi-bt-400w-d-ng.png>, 
accessed 2012-08-03. 

Figure 24, Master Color CDM-T Elite

Figure 23, OSRAM HQI-BT

Figure 25, LIFI-STA-41-01
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Induction 
The induction lamp that was selected is ICE150/841/2P/ECO66, 
see figure 26, and is driven by the ballast QT1X150ICE/UNV-T. 
These products are both from the company OSRAM. 

 
 

LED 
A LED have a direct light, which means that it radiate light in the direction it is pointed, mean 
while other light sources emits light in every direction, so luminous flux is not the most critical 
value. Lighting distribution curves cannot be found for a single LED, one of the curve that can 
be used when selecting a light source. 

In order to select suitable LED, the market of fixtures that have similar properties to the FL400F 
were investigated. The luminaire that was compared was the Philips Gentle Space BY461P high-
bay and Day Bright HB-20020 High Bay. The chosen one was the Day bright after DIALux tests, 
see chapter 5.2.1, it consists of 128 pieces CREE XPG NW 4000K. As there are many kinds of 
different CREE XPG leds have an assumption been made from the information from the given 
fixture to select the correct LED. 

The assumption LED is Cree® XLamp® XP-G LEDs in the 
Group R3, with the order nr: XPGWHT-L1-0000-00FE467

, 

figure 2768. This LED was the one that corresponded with the 
data from the Day bright fixture. 

  

                                                 
66 Amazon, ‘ICE150/841/2P/ECO’, [web image] (2012) <http://ecx.images-
amazon.com/images/I/21IE02uIjFL._SL500_SS500_.jpg>, accessed 2012-08-03 

67Cree, ‘ Product family data sheet’, [web document] (2012) <http://www.cree.com/led-components-and-
modules/products/xlamp/discrete-
directional/~/media/Files/Cree/LED%20Components%20and%20Modules/XLamp/Data%20and%20Binning/XLampXPG.p
df>(p.2), accessed 2012-08-03. 

68Cree, ‘XPG’’, [web image] (2012) 
<http://www.cree.com/~/media/Images/Cree/Components%20Modules/XLamp/XPG/XPG_Neut_Angle_med.jpg>, 
accessed 2012-08-03 

Figure 27, CREE XPG LED

Figure 26, ICE150/841/2P/ECO 
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5.2.1 Comparison 

DIALux 
To get an idea of how a luminaire, with any of the selected 
light sources, would light up a barn at 1000m2, the program 
DIALux was used. The DIALux setting for the environment 
in the barn is shown below. The room parameter was set as 
heavily soiled, which gives a maintenance level of 0.5. This 
setting was used throughout every DIALux project. The 
FL400F luminarie was chosen as the reference, see figure 
2869. 
 
 
 

 

Room Geometry  [m]  Calculation Grid  [m]  Degrees of Reflectation   [%]

Lenght   50  128 x 64 points   Ceiling, Light wood  52 

Widht  20  Height 1.0  Walls, Light wood  52 

Height  10  Distance 0.5  Ground, Concrete  27 

 

 

Ceramic Metal Halide-fixture 
For the fixture with a CMH light source the “Zenith 31524 
4-10M 315W 4200K”, see figure 29 70,from Solljus was used. 
This luminary was bought in the earlier project to compare 
the light source with DeLaval´s luminaries with metal halide 
lamps. The design of the FL-X is also of similar kind as the 
Solljus fixture, but the Zenith uses a lens which gives a 
better spread of light at the heights of 4-10 meter, which 
FL-X do not have, this will improve the performance 
compared with the FL-X.  

  

                                                 
69 DeLaval, ‘FL400F und FL250F’, [web image] (2012) 
<http://www.delaval.ch/ImageVaultFiles/id_1455/cf_53/Illuminatiom_FL250-FL400.JPG>, accessed 2012-08-03 

70Solljus, ‘Zenith 210 W och 315 W’, [web page] (2012) < http://www.solljus.se/produktblad/solljus-zenith-210w-and-315w/ 
/>, accessed 2012-08-03. 

 
Figure 29, Zenith 31524 4-10M 315W 

 
 

Figure 28, Left FL400F right FL250F 
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Induction-fixture 
The armature HBQ23, figure 30, from Holophane 
uses three ICE150 induction lamps as its lights 
source. The luminaire has the catalog number 
HBQS23YTNNNOL1503ULPS841. 

Figure 30, Holophanes HBQ2371 

Plasma-fixture 
Luxim provided DIALux-files, (Appendix 4), for the 
fixture that uses the LEP bulb. The fixture is a type of 
high bay luminary called H400, see figure 31.  

  

 

 

Figure 31, Luxim high bay luminary H40072 

LED-fixture 
In the setup of the DIALux files two Philips high-bay LED luminaries were used. For the 
DIALux calculations the Gentle Space BY461P, figure 32, and Day Bright HB-20020 High Bay 
were used, figure 33. 

  

                                                 
71 HOLOPHANE, ‘HBQ’, [web document] (2012) 
<http://www.acuitybrandslighting.com/library/HLP/documents/SpecSheets/HBQ.pdf>, accessed 2012-08-03. 

72 Goodmart, ‘LUXIM H400’, [web page] (2012) <http://www.goodmart.com/products/luxim-corp-h400-280w-lep-spot-high-
bay-luminaire-120-277v-h-402-s-nm-u-sl.htm>, accessed 2012-08-03. 

73 Ecat, ‘GentelSpace’, [web page] (2012) <http://www.ecat.lighting.philips.se/l/inomhusarmaturer/armaturer-foer-
hoega-och-laga-takhoejder/gentlespace/58197/cat/>, accessed 2012-08-03. 

74 Autodesk Seek, ‘DayBrite HBL300’, [web page] (2012) 
<http://seek.autodesk.com/product/latest/agg/philipsday-brite/Philips-DayBrite/DayBriteHBL-300>, accessed 
2012-08-03. 

 
Figure 32, Gentle Space BY461P armature with 128 LEDs73 

 
Figure 33,  Day Bright HB-20020 High Bay with 128 LEDs 74
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DIALux-Data 
 

Light Source  [W]  Units Lumen [lm]  Wattage Aramture [W] Armature Lumen   (Loss) 

MH  400  1 30297  FL400F 420 26237  (4060) 

CMH  315  1 36200  Zenith 31524  341 30784  (5416) 

Induction  150  3 36000  HBQ23 463 33555  (2445) 

LEP  ‐  1 19135  H400 281 19135  _ 

LED  ‐  128 24000  BY461P 292 24000  _ 

LED  ‐  128 22254  HB‐20020 287 22254  _ 

 

Result of numbers of fixtures and the total luminance and wattage to get an average illuminance 
of 180 lx one meter above the ground. 

Number of Luminaires  Total Lumens Lamp [lm] Total Lumens Armatur [lm]  Total Power [W]

MH FL400F X 20  605940 524744 8400 

CMH Zenit X 15  543000 461760 5115 

Induction  HBQ X 15  540000 503319 6945 

LEP H400 X 24  459240 459240 6744 

LED Gentle Space X 20  480000 480000 5840 

LED DAY‐BRITE X 20  445080 445080 5740 

 

The calculation grids average, maximum, minimum and Emin / Eavg which describes the 
illuminance smoothness throughout the room, the barn in this case, when planning the lighting 
for an office space, the preference is to have a value around 0.4, appendix 3. 

Number of Luminaires   Eavg [lx]  Emin [lx]  Emax [lx]  Emin / Eavg 

MH FL400F X 20  227  146  277  0,641 

CMH Zenit X 15  220  128  259  0,583 

Induction HBQ X 15  227  115  328  0,507 

LEP H400 X 24  206  130  269  0,628 

LED Gentle Space X 20  237  127  296  0,536 

LED DAY‐BRITE X 20  211  109  259  0,518 
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With the help of the DIALux calculation, have a simple cost estimation been made. The 
calculation were made considering that luminaries would be turned on for 16 hours. 

 

Number of Luminaires   kWh (16h)  SEK 

MH FL400F X 20 134,4  138,79

CMH Zenit X 15 81,84  84,52

Induction  HBQ X 15 111,12  114,75

LEP H400 X 24 107,904  111,43

LED Gentle Space X 20 93,44  96,50

LED DAY‐BRITE X 20 91,84  94,84

 

The carbon dioxide emission for a one year usage of the armatures when illuminate a 50m*20m 
barn with a ceiling height of 10 meters. In the calculations the luminaries are lit for 16 hours per 
day for 365 days. A normal year in Sweden, the value of the carbon dioxide emissions reaches 
20gCO2/kWh, see Appendix 10. A journey by car from Tumba, Sweden, to Glinde, Germany, 
has a carbon dioxide emission of approximately 180kgCO2

76. 

Emissions for one year of use 

 MH FL400F X 20  712 kgCO2

CMH Zenit X 15  434 kgCO2

Induction HBQ X 15  589 kgCO2

LEP H400 X 24  572 kgCO2

LED Gentle Space X 20  495 kgCO2

LED DAY‐BRITE X 20  487 kgCO2

 

                                                 
75 Elprisguiden, ‘Jämför elpriser, [web page] (2012)  <http://www.elprisguiden.se/elpriser>, accessed 2012-08-03. 

76 Klimatbalans, ‘kalkylator’, [web page] (2012)  < http://www.klimatbalans.se/neutralisera/kalkylator.html>, 
accessed 2012-08-03. 

SEK/kWh 2012‐07‐3175 

MAX 1,3352 

MIN 0,7302 

AVERAGE 1,0327 
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In figures 34-36 shows the DIALux simulations of the number of luminaires that deliver 180 lux 
on the plotting grid, one meter above the floor, and the luminaires' illumination distribution.

 

Figure 34, DAY-BRITE HBL128GL70NW illumination distribution and number of luminaires. 

 

Figure 35, Solljus Zenit 31524 illumination distribution and number of luminaires. 

 

Figure 36, FL400F illumination distribution and number of luminaires. 
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5.2.2 Evaluation 

PUGH 
Below is a matrix, figure 37, which was used to eliminate and to evaluate the different light 
sources. 

 

Figure 37, Pugh matrix regarding the evaluation of the different light sources, specifications for the light sources is 
shown in Appendix 11. 

4 - Lumen maintenance and the lifespan was weighted as four. This because that a fixture with a 
light source with great values of these criteria’s will not need to change the bulb that often. This 
means that the fixture can in time pay itself, due lack of costs for light sources burning out. 
3 - In order to select a light source that is as energy efficient and economical as possible, was 
luminous efficacy and wattage graded to three. 
2 - If the light source is dimmable there is not any need for different fixtures for different 
heights. 
1 - Environmental, after meeting with the supervisor, was the instructions that this was not the 
most important. Today the majority of the lamps recyclable 
Startup time and CRI, were granted as this was not as important as the above-mentioned criteria. 
- Price was not included due to the price of the LED is misleading. 

 

Results choosing the electrical light source 
The DIALux simulations show that it is feasible with a LED armature to illuminate a barn with 
the illumination objectives and it also would lower the energy consumption compared with the 
FL400F. After meeting with the supervisor, was the LED light sources selected for the project to 
continuing working with and create a concept, which will be compared with the FL-X. 

The plasma was removed because of its high price and the induction fell short since it may 
interfere with electrical equipment. 
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5.3 Concept for the LED fixture 
 

5.3.1 Selection of LED 
 

The main illumination 
 
Day Bright HB-20020, 300 Watt LED luminarie use for 
DiaLux calculations and has 128 pieces of Cree® XLamp® 
XP-G LEDs in the Group R377.  

The LED chosen was the Cree® XLamp® XM-L from the 
Group T578 , figure 38. The XM-L series is 20 % more energy 
efficient then the XP-G series. To compare the LEDs and 
work out the numbers of LEDs the Cree Product 
Characterization Tool, PCT79, were used.  

Figure 38, XM-L from the Group T580 

The luminance flux used for the tool was the same as the Day Bright, 22234 lumens81. 

The efficiencies was set to 100%, due test would be needed to ensure the optical and electrical 
losses for a LED concept fixture.  

When the junction temperature, Tj, is 25°C, the XM-L has 
100% of its luminance flux123. Higher junction temperature will 
result in a reduction of the LEDs luminous flux. 

From the PCT we compared the values of 350 mA and 700 
mA, because it is the most common power supply for the 
LEDs, also it becomes more expensive with high-current 
driver82. 

  

                                                 
77 Cree, ‘XP-G’, [web page] (2012) <www.cree.com/products/xlamp_xpg.asp>, accessed 2012-07-31. 

78 Cree, ‘product family data sheet’, [web document] (2012) <www.cree.com/products/pdf/xlampxm-l.pdf>, 
accessed 2012-07-31. 

79 Cree, ‘Cree Product Characterization Tool’, [web page] (2012) <http://pct.cree.com/>, accessed 2012-08-06. 

80 Cree, ‘XLamp XM-L’, [web page] (2012) < http://www.cree.com/led-components-and-
modules/products/xlamp/discrete-directional/xlamp-xml>, accessed 2012-08-09 

81 Daybrite, ‘HB20020’, [web document] (2011) <www.daybrite.com/pdfspecs/HB-20020.pdf>, accessed 2012-08-
06. 

82  Interview with Johan Johansson, appendix 6 

Settings for PCT 

Current Range: 0.1 - 4 A 

Target Lumens: 22234 lm 

Efficiencies   

Optical: 100% 

Electrical: 100% 

Junction temperature, Tj: 25°C 
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Table 5 Values taken from the PCT 

LED Parameters System Design Parameters 

VF W LM LM/W SYS LM TOT SYS W SYS LM/W SYS # LED SYS $

Volt Watt Lumens Lumens Watt pcs SEK 

CREE XP-G R3 350mA 3,00 1.05 122,00 116.2 22448,00 193.2 116.2 184,00 4278.3 

Order Code: XPGWHT-
L1-0000-00FE4 700mA 3.242 2.27 227.9 100.4 22562.1 224.694 100.4 99,00 2301.9 

CREE XM-L T5 350mA 2.766 0.968 134,00 138.4 22512,00 162.658 138.4 168,00 4464.3 

Order Code: XMLAWT-
00-0000-0000T5051 700mA 2.9 2.03 260,00 128.1 22620,00 176.607 128.1 87,00 2311.9 

 

To obtain a probable value of the number of LEDs for the concept an Estimation factor, Ef, was 
created. The Ef will provide an assumption of the estimated efficiency of the fixture, electronics 
and the junction temperature, for the concept. The data for Ef  is based on the Day Bright, that 
has a power supply of 700mA. The Day Bright contains 128 pieces of XP-G LEDs and the 
results from PCT shows 99 pieces.  

 

	 	 	
	 	 	 	

128
99

1,30 

 

Ef is an approximate value of the ratio of the actual value of the LEDs and the theoretical 
produced from the PCT. This shows how many LEDs are required to avoid the efficiency losses 
from the Day Bright. 

 

	 	 	 	 	 	 	 	 87 ∗ 114 

 

114 pieces of Cree XM-L are estimated to replace 128 pieces of Cree XP-G. 

The total wattage is estimated to be 230 W for all the XM-L LEDs.	
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Night Light 
 

The concept shall have LEDs with a wavelength within 625 -780nm, which is the region for the 
spectrum for red light. This will enable the dairy farmer to orient themselves at night in the barn, 
without disrupt the cows sleeping pattern, also the red light does not disturb human's night 
vision. 

 

In the project report "Product development of DeLaval's illumination 
system to improve energy efficiency" they use six Z-POWER LEDs 
R42180 from Seoul Semiconductors83 for their night light, figure 39. 
The R4218084 has total lumens of 48 lm when driven with a power 
supply of 350mA. 

 

In order to make the mounting on the circuit board easier, a LED 
with a similar interface with the XM-L was selected. The selected 
LED is a red Cree® XLamp®  XP-E LED from the group M3, figure 
40, which has the order code XPERED-L1-0000-00301.The 
dominant wavelength range for the red XP-E is 620-630 nm85. The 
XP-E red LED has a minimum luminance flux of 45,7 lm when 
driven with 350mA86. 

 

An estimated value of 450 lumens is most likely able to illuminate the barn with an average 
illuminance level of 1-10 lx at a height of 10 meters, Appendix 3, which would be enough to 
orient oneself through the barn. 

For a LED system to achieve 450 lm it will be needed 10 pieces of red XP-E, this will give 
system wattage of 7.35W, this will give a voltage drop of 2.1V per LED87.  

  

                                                 
83 Seoul Semiconductor, ‘Z-Power LED’, [web page] (2012) 
<http://www.seoulsemicon.com/en/product/prd/zpowerLEDp4.asp>, accessed 2012-08-10. 

84 Digikey, ‘R42180-01’, [web page] (2012) <http://www.digikey.se/product-detail/en/R42180-01/R42180-01-
ND/2504442>, accessed 2012-08-10. 

85 Cree, ‘XP-E’, [web document] (2012)<http://www.cree.com/led-components-and-
modules/products/xlamp/discrete-
directional/~/media/Files/Cree/LED%20Components%20and%20Modules/XLamp/Data%20and%20Binning/X
LampXPE.pdf>, accessed 2012-08-10. 

86 Cree, ‘ XP-E’, [web page] (2012) <http://www.cree.com/led-components-and-
modules/products/xlamp/discrete-directional/xlamp-xpe>, accessed 2012-08-10. 

87Cree, ‘Cree Product Characterization Tool’, [web page] (2012) Op. Cit.124.  

Figure 39, Z-POWER LED

Figure 40, XLamp XP-E LED
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5.3.2 Concept design 
 

The idea is to design the concept to be a modular system, which means that the spaces between 
the various modules must have the same interfaces. The modular system is based on that the 
dairy farmer has fixtures adapted for his barn. Since LEDs has to be cooled, to achieve their full 
potential lifespan, therefore the concept fixture must have a heat sink. 

Since the fixture shall have interfaces, the option on the various forms it may have reduces. 

There are three different modular systems. This will make it possible to assemble fixtures for 
different heights. Each module will have 38 Cree XM-L from the group T5 for the main lighting. 
For symmetry each platform has a set of four Cree’s XP-E Red LED from the group M3 for the 
night lighting. 

Electric components 
Printed circuit board, PCB 
The circuit board, figure 41, is made of aluminum 
laminate (appendix 6) and is needed to connect all 
LEDs and provide them with power. The LEDs will 
be mounted parallel which means that not the entire 
fixture will shut down if one diode fails.  
     Figure 41, PCB 

Driver 
There will be two constant current drives for each module. One of the drivers is a dimmable	
power-controlled driver. The white LEDs will be connected to the dimmable drive and the night 
light will be connected to the other. The drive LED90W-128-C0700-D, figure 42, for the main 
LEDs is manufactured by the company Thomas Research Products88, this converts the current 
and voltage to 700mA respectively 12V89. The drive RACD03-35090, figure 43, for the red LEDs 
is manufactured by the company Recom Power Inc91. It converts the current and voltage to 
350mA respectively 12V. 

 

 

 

 

Figure 42, LED90W-128-C0700-D             Figure 43, RACD03-350  

                                                 
88 TRP, ‘LED Driver Selector’, [web page] (2012) <http://www.trpssl.com/led_driver_selector.html>, accessed 
2012-08-10 

89TRP, ‘LED DRIVERS’, [web document] 2010) 
<http://thomasresearchproducts.groupsite.com/uploads/files/x/000/03c/af0/TRP%20LED%20Driver%20Catalo
g?1300827453>, accessed 2012-08-10 

90 RECO, ‘LIGHTLINE’, [web document] (2012) <http://www.recom-
international.com/pdf/Lightline/RACD03.pdf>, accessed 2012-08-10 

91 RECO, ‘LIGHTLINE’, [web page] (2012) <http://www.recom-power.com/>, accessed 2012-08-10 
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Parts 
 

The Fixture 

The fixture is manufactured in extruded aluminum alloy EN-AW-6063, figure 45, with a natural 
anodized surface finish. The aluminum alloy is magnesium/ siliconized has good strength and 
corrosion resistance. The good formability makes it suitable for extrusion of profiles92. 

To stabilize the module system have the extruded fixtures been provided with runners and 
grooves. These are placed on the sides of the fixtures, see figure 44. 

 
Figure 44, assembly of three modules. 

Most of the barns today are installed with fans that ventilate them. The platform, which acts like 
a heat sink, should be positioned so that the fins are in the same direction as the air flow. This 
makes the dust follow the air currents and not get stuck on the platform and improves the 
cooling of the LEDs and thereby their lifespan. 

Physical characteristics and typical values for EN-AW-6063 are shown in the table below. 

Density, ρ Melting interval Specific heat capacity, C Thermal conductivity, k  Tensile modulus, E Shear Modulus, G 

g/cm3 °C J/(kg • °C) W/(m • °C) GPa GPa 

2,7 615-655  901 201 69 26 

 

 

Figure 45, fixture in extruded aluminum. 

  

                                                 
92Tibnor, ‘Teknisk data’, [web page] (2012) <http://www.tibnor.se/web/Teknisk_data.aspx>, accessed 2012-08-10 
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Bracket 

There will be three sorts of fixations, one for each module system, figure 46. The fixations will 
enable assembly between module and act as an attachment to the ceiling. The parts are extruded 
with the same aluminum alloy as the fixture. An elemental FEM analysis was done to provide 
data for the dimensioning of the brackets, see Appendix 12. 

 

 

Figure 46, three types of fixation. 

Glass 

3 mm thick sodium calcium tempered glass, same type of glass that the FL400F uses. 

End cap 

Has the task to close the ends of the fixture. Thereby prevent water and moisture to reach the 
inside of the fixture. In order for the fixture to achieve IP65 the end caps will be provided with 
injected moulded sealant. The end caps are die casted in aluminium and have a anodized surface 
with the DeLaval Blue, 3560-R80B,  see figure 47. 

 

Figure 47 End cap with extruded DeLaval logo, the color of the image does not correspond with DeLaval color code. 
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Standard components 

Cable bushing 
Is needed to prevent the water and dust to reach the inside of the fixture, (IP65). 

Cables and Wires 
Is needed to provide the fixture with power.  

Bolts and Screws 
Is needed to hold the structure and various parts together and for the PCB it will help the 
conductivity between the PCB and the heat sink/fixture. 

 

FL-LED Module system 
 

FL-LED M2, shown in figure 48, consists of two modules and this is indicated by M2. With 
different numbers of the modules is it possible to adapt the fixture for different heights, which 
makes it possible to customize the fixtures for each farm. FL-LED M1 80W is meant to 
illuminate the barns from the ceiling heights of 3-5 meters, M2 160W at 5-8m and M3 240W at 7-
10m.

 

Figure 48, FL-LED M2 160W 
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5.4 Cost estimate 
 

The cost estimations are based on material costs of the various parts and its manufacturing 
method. Assembly and shipping costs are not included. Cables and wiring are also not included in 
the estimation, as it was not included for the FL-X concept. More detailed calculation can be 
found in appendix 7 and 8. 

 

FL-LED 80W is thought to be used at a ceiling height from 3-5 meters and will compete with the 
FL-X CMH 210W as a concept for a new luminaire system for DeLaval. 

FL-X CMH 210W 
Cost, 
SEK FL-LED M1 80W Cost, SEK

Lampshade 192 Fixture/Heat sink 340 
Reflector 827 Fixation ceiling 44 
Arc bracket 170 Glass 44 
Ergonomic screws 20 End cap x 2 120 
Bolts + Nuts 40 Cable bushing 10 
Cable bushing 60 End cap seal x 2 100 
Ballast house Lid 38     

Ballast house Casing 175    

Ballast Seal 25    

Snap 420    

Hatch (ring) 92    

Glass(material) 79    

Seal 40    

FL-X Fixture 2178  FL-LED Fixture 658 

CMH 210W 700  PCB 500 
Ballast 1200  LED 1026 
LED(red) 70  LED Drive 456 
Ballast LED(red) 212  LED (red) 40 
     LED Drive(red) 60 

Total Cost  4360  Total Cost 2740 
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A FL-LED module assembly that is equivalent with the FL-X 315W CMH will need three 
platforms, FL-LED M3 240W.   

FL-X CMH 315W 
Cost, 
SEK FL-LED M3 240W Cost, SEK

Lampshade 192 Fixture/Heat sink x 3 1020 
Reflector 827 Fixation ceiling 70 
Arc bracket 170 Glass x 3 132 
Ergonomic screws 20 End cap x 6 360 
Bolts + Nuts 40 Cable bushing x 3 30 
Cable bushing 60 End cap seal x 6 300 
Ballast house Lid 38     

Ballast house Casing 175    

Ballast Seal 25    

Snap 420    

Hatch (ring) 92    

Glass(material) 79    

Seal 40    

FL-X Fixture 2178  FL-LED Fixture 1912 

CMH 315W 800  PCB x 3 1500 
Ballast 1300  LED x3 3080 
LED(red) 70  LED Drive x 3 1370 
Ballast LED(red) 212  LED (red) x 3 120 
      LED Drive(red) x 3 180 

Total Cost  4560  Total Cost 8162 

 

The conclusion is that the electrical components for the  LED module system is what determines 
the cost difference between luminaires. With the improvements of the manufacturing methods 
and construction details for the FL-X, can the cost for the fixture be reduced. 
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6 Discussion 
6.1 Work process 
Our goal was originally to construct FL-X production ready, but after researching better light 
sources, the task was changed to develop a design concept that could be compared to FL-X from 
both a cost perspective and energy perspective. 

To facilitate the writing and documentation during the thesis have the DeLaval intranet been 
used. Backup copies of the information have then been posted on BILDA as a safety measure. 

6.2 Choosing Light source 
The project was conducted during the summer, this led to contacts with knowledgeable 
individuals and companies was hard to reach, and drew out the process of light section of the 
project. This was also due to that DeLaval did not have staff on site with the knowledge of light. 
For example were we contacted by Plasma international two weeks before the presentation, but 
at that time it was too late for use to use their information.  

The most difficult part when choosing a light source was to calculate the number of LEDs that 
correspond to other light sources, and its various features. 

Interview with Elin Ferngren at Elektroskandia, Appendix 3, and Göran Manneberg at The Royal 
Institute of Technology, Appendix 5, indicate that LED as light source is the best possible option 
for this kind of fixture. The meeting with Elin helped us to proceed with the project when she 
suggested that we should compare fixtures with different light sources against each other. We 
used the program DIALux for comparing the fixtures and this gave us the understanding of the 
number and what type of LED that could handle the task. The DIALux result showed us that 
with only a total of 445 080 lm, from the LED armatures, can manage the same task as the 
FL400Fs that had the total luminous flux of 605 940 lm. This indicates that the light emitted 
diode is more energy efficient. 
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6.3 Improvements FL X 
Originally, this was the objective of the thesis. Making the FL-X concept more energy efficient as 
well as check various improvements of the construction, so it would be ready for manufacturing. 
The object of making the FL-X more energy efficient led to comparison between different light 
sources against the ceramic metal halide.  

A test was made on the previous project prototype FL-X. The test determine the external 
temperature of the FL-X, and if the concept needed any cooling for the light source. The 
conclusion from the lab, shown in appendix 2, is that for a longer lifespan for the ceramic metal 
halide and for electrical, maintenance safety the FL-X should be constructed with lamp housing.  

Drawings for the FL-X can be found in the contents in the report "Product development of 
DeLaval's illumunation system to improvement energy efficiency". 

6.4 Concept design for the LED luminarie 
At a meeting with our supervisor from DeLaval, it was determined that we should continuing 
working with LED, this led to our originally objectives was changed. 

As a result of this, we were given the task to develop a new concept design of a LED fixture, this 
because the LED fixture is constructed in a different manner then the FL-X. A LED fixture 
needs a heat sink and other electronic components to operate and function optimally compared 
to the FL-X.  A design of a LED fixture does not need any reflector which the FL-X does. 

6.5 Lifting Device 
We believe a lifting device would make the farmer more willing to maintain and clean the fixtures 
more frequently. As mentioned in the previous report the farmer usually cleans the fixtures when 
the bulbs are broken, which can take years. Maintaining the fixture will in itself make the lifespan 
of the LED increase due better cooling. 

After a discussion between us, we concluded that the easiest and cheapest possible approach 
would be if each luminaire was equipped with two wires running through a pulley. The luminaries 
would then be lowered or raised with a manually operated winch. This means that a concept for 
attachment to the ceiling of the fixture must be developed. 
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6.6 Recommendations for further work 
To truly ensure that the LED modules work, we recommend buying the Cree XLamp XM-L 
from the Group T5 and the red XLamp XP-E LEDs, and soldering them on a circuit board. The 
circuit board should then be attached to a simpler device to be brought up to the desired height. 
Then use a light meter to measure the illuminance from the fixture, in this way it is easy to ensure 
the number of LEDs required to obtain the desired brightness. It is important to do the tests in 
an environment which is similar with a barn, where the walls and floors reflect less and absorb 
the light differently.  

The technical development of the LEDs is moving fast and if the tests would be performed in 
the future, we recommend a new research for more cost and energy efficient LEDs ought to be 
done. 

Another thing that would improve the efficiency for the armature would be to develop a lens. In 
our interview with Elin Ferngren, Appendix 3, she recommended the Swedish company 
Prismalence . 

To get the best out of having a fixture that uses LEDs as its light source, a system that dims them 
should be developed. A dimming system would reduce the energy consumption for the dairy 
farmer. The illuminance intensity should be regulated by how much light that the barn lets in, this 
depending on which hour of the day and what season it is. In addition, the system should turn off 
the main LED after 16h and turn on night lights when necessary. 
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7 Conclusion 
The objective with this project was to find out if there was any other technology of light source 
that could manage the task as a replacement of the FL400F and FL250F.  

As the earlier project shows that the ceramic metal halide light source was a better alternative 
than the metal halide lamp, was the question if there was an even more energy efficient type of 
light source that could manage this task? The light sources that was found and investigated were 
LED, induction and plasma. These were all compared against the MH and the CMH. A winner 
of these light sources was selected, LED. Due to the induction light emits electromagnetic 
radiation and the plasma was too expensive. 

 As the FL-X already had a fixture were there only suggestions of improvements of 
manufacturing methods, material and construction details. It was there a need of a new design for 
the concept of the armature with LEDs. 
 
The LED concept is a module system called FL-LED. It is made of extruded aluminum which 
makes the amount of parts low and gives the LED lamps cooling as it is designed as a heat sink. 
The end caps are made of die casted aluminum and have the task of closing the fixture. In order 
for the fixture to be able to be washed with high pressure washer and to be impermeable to dust 
particles have the screwed end caps been fitted with injected gasket. This means that the fixture is 
IP65 rated. 

The chosen glass is the same as in Delaval´s current luminaires, a sodium calcium tempered glass.  

The largest assembly is with three modules (M3). Each module has a power consumption of 
80W. Containing 38 Cree XLamp XM-L from the Group T5 for the main light and 4 XLamp 
XP-E LED from the group M3 for the night light. These are all mounted to a PCB which 
provides the LEDs with the right amount of voltage and ampere from the two drivers.  The M3 
is intended to be used at ceiling heights from 7-10meter. 

After the cost estimate, it was shown that a FL-X 315W was much cheaper when compared to 
FL-LED M3. The cost of a FL-X is estimated to 4560 SEK and FL-LED to 8162 SEK. 
However, it will be cheaper with a FL-LED M1, which has the working height 3-5 meter, then 
the FL-X 210W. The cost of a M1 is 2740 SEK and 4360 SEK for a FL-X 210W. 

The energy consumption is significantly lower with FL-LED modules than DeLavals current 
fixtures FL400F and FL250F. This because of the FL-LED operates with less power, and that 
the dairy farmer can get a light planning specified for their farm. 
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Appendix 

Appendix 1 - Analysis of the FL-X 

This describes the various details, functions and improvements of each part on the FL-X. 

Lampshade  

For easier manufacturing of the lampshade could the 
tracks for the reflector be removed and instead find a 
better way to stabilize it. The shape of the shade will also 
be reviewed so it copes with the manufacturing method 
selected, vice versa. For example, the lower lip to move 
outwards instead, this would facilitate manufacture. 

Cable bushing 

Those used for FL-X is the same as 
DeLaval now using for their light sources FL250F and FL400F. These must 
meet the requirements of IP class 65 and handle the corrosive environment.  

Luminary heat sink housing (New) 

Housing is going to be added to the FL X, so that the lamp is optimized (extended life). The 
lamp housing is a type of heat sink. 

Reflector  

Improve the fixation of the reflector shade, e.g. "Locking" of 
the socket, where the potential to make lowering 
manufacturing costs. Let the reflector shield between LED 
lights and shade, and rests against the glass. 

Arc bracket  

To ease the installation of the roof/elevator should the 
placement of nuts from the attachment of the heat sink 
housing be reviewed and how the arc bracket should be 
mounted, right now it's tight between the heat sink 
housing and the drilled holes for the ceiling mounting. 
And check if the location of the heat sink housing is the 
best. Maybe replace the arc bracket to sheet metal instead 
of the flat bar.  

• Screws 
Selecting appropriate ISO standard screws, so that 
the structure is fixed.  

  



 

The lid 

If the LED lights will be relocated on the lid, the whole structure will 
be redesigned completely. Maybe develop a Printed Circuit Board for 
the LEDs.  

 Glass  
Review whether the selected tempered glass, that has been 
selected to cope with IP65, withstands pressure washer? The 
glass selected for FL-X is the same type that is used for the 
FL250F and FL400F. 
To reduce the visibility of LED lights brackets, can a decal or frosting of the glass to be 
done around the LED lights until the reflector bottom edge. 

o Sealant 
The seal must meet IP class 65 and high heat. In the old report they are using a 
silicone sealant, this must be evaluated. 

o Framework 
Place the LED lights and eliminate the chamfered holes made for them. And let 
the reflector shield instead of the framework. Using the same solution to fixing 
method (snaps). Review where it is best to place and attach the glass. 

o LED, Cables, brackets 
Either develop a PCB for the LED bulbs or a separate framework for the LED 
lights and wires. This is to facilitate the maintenance of them. Could be 
manufactured in plastic and secured in the frame or shade using snap fasteners. 

o  Seals 
Review different types of sealant that is capable of withholding an IP class 65 and 
the heat expansion from the lamp. 

Snaps 

Heat sink housing / Ballast housing 

Look at the location of the heat sink housing 
is the optimal one. Difficult maintenance 
when the shade is in the way of its lid. 

 Lid 
Replace snaps for screws. This means that the drilling holes must be placed through the 
lid and heat sink housing. 

 Housing ballast 
Can both ballasts be in the same Heat sink housing in view of the thermal radiation. 
Perhaps the housing needs to expand, so they get more space between them. Both 
ballasts, which have been selected in the previous project, have drilled holes for screw 
joint. So the placement of these will have to review for the fixation of them. 

 Screws 
Look for ISO standard screws. Which screws are used today for the luminaries FL-series 

 Cable bushing 
Is the same cable bushing, used for the lampshade. 

 Sealant between the housing and the lid 
Make sure it can handle IP65 and the heat that will arise from the drive components 

  



 

Appendix 2 - Laboratory Report 

Temperature and illuminance measurements of the FL400F and FL-X luminaries. 

Objective 

Determine the external temperature of the FL400F and the concept FL-X at strategic points 
during the operation time of 16 hours. Measure the vertical illuminance of the luminaries 
FL400F and FL-X at an altitude of 7 meters from the floor up to the base of the lighting 
fixtures. Should the FL-X be mounted with a lamp-housing/heat-sink? 

Materials 

Roll-up tape measure 

LM631 – Light meter 

TinyTag Plus 2 

Temperature logger 

 
Producer – Meterman 

(www.metermantools.com/) 
 

 

 
Producer – Intab 
(www.intab.se) 

 

 
Producer – Intab 
(www.intab.se) 

 
LM631 
Measure lux or footcandela, fc . 
Range from 0.01 to 20 000 fc/lux 
LCD display. 
Spectral response: 
CIE Photopic –CIE Standrard 
Illuminant A (approx. 420 -720nm) 
Total accuracy for CIE source A 
2856K: 
+/- (3% rdg + 10 digits) 

TinyTag Plus 2 
The sensor and the cable may be at 
temperatures up to 125 ° C unless 
otherwise indicated. The logger can 
be reside at temperatures from -40 ° 
C to +85 ° C. Logger and contact 
shall be subjected to maximum +85 ° 
C. 
Software that were used for the log 
from TinyTag Plus 2 was 
EasyView 5 Pro. 

Measuring probe for surface 
temperature with 1.5 m cable 
Probe size is 30X14 mm and is 
made of silicone. Has self-adhesive 
on one side. 
Working temperature: 
Probe -40 ° C to +125 ° C 
Cable -60 ° C to +200 ° C 
Contacting -40 ° C to +85 ° C 

Method 

FL-X 

1. The assembly of the lifting device to hoist up the lamp 

2. The TinyTag Plus 2 is cleared 

3. Three Measuring probe for surface temperature is attached to strategic places on the 
lamp 

  



 

 

Ballast - Heat sink 

 

Snap fastener 

 

Above the bulb – Outer surface 

  

The rig for the FL X with the probes at position 



 

4. Hoisted up the lamp to the ceiling. 
Since the location of the lab could not reach 
7 meters, we hoist FL-X on a height of 478 ± 
2cm, from floor to the bottom of the lamp.  

 

5. Lit the lamp 
 

 

 

(No tests of the FL400F was made, read the discussion for further information) 

 

Lab results 

 

With the Light Meter, LM631, could the illuminance at floor level be measured, the display 
shown a value of 551 Lux. The measurement was made 478 ± 2cm from the FL-X base. 



 

 

The temperature measurement data from the TinyTag Plus is show in the graph below.  

 

 

 Highest 
temperature 

recorded 

Time Date 

Ballast - Heat sink 42,99 °C 287 min 2012-07-05 14:18 
Above the bulb – Outer 
surface 

91,54 °C 676 min 2012-07-05 20:47 

Snap fastener 70,17 °C 513 min 2012-07-05 18:04 
 

 

 

Discussion/Analysis 

The tests could have gone much more smoothly, the machine hall and parts of the equipment 
caused delays. The power cord was broken, FL400F´s ballast contains a damaged or faulty 
component, and fuses in the machine hall broke and was replaced and this lead to unnecessary 
changes to the various fixtures in the lifting device. 
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Wiring diagram for the FL400F was delivered by 
Alfred Kröger, when we first believed that the ballast 
was wrong connected, but after troubleshooting we 
found out that the capacitor probably is damaged. 

After two days a multimeter was borrowed to 
ascertain the cause of the problem. We located that 
the cable reel was faulty, so it was replaced and the 
lab was relaunched on July 4th. 

Now that there was a lack of time, it was decided that 
we would only do tests on FL-X, so no attempt to acquire a new capacitor was made.  

After 16 hours test, we found that one of the cables to the lamp had melted. One of the more 
common plastics that is used as insulator for cables is PVC, which has application 
temperature around 80 °C in a short time. 

As the value of the vertical illuminance should be measured and not the entire illuminated 
surface, we removed the reflector, that because of that it had been destroyed in previous tests 
made by students in the earlier project.  This may have affected the temperature results we 
received due to a reduced of the reflection of heat. Also, the fact that the lab was performed 
on the prototype of the FL-X, as according to the report shall be made of aluminum, was 
manufactured by stainless steel, may given misleading temperature results, due stainless steel 
have a lower thermal conductivity then aluminum. If the fixture had been constructed in 
aluminum, it may also radiate heat more evenly. 

Conclusion 

For a longer lifespan for the ceramic metal halide, for electrical and maintenance safety the 
FL-X should be constructed with lamp housing/heat sink. 

  



 

Appendix 3 - Interview – Elin Ferngren (earlier Malmberg),  
30 July 2012 

Project planner lighting at Elektroskandia AB 

(Translated from Swedish in to English) 

- I am aware that the big companies take over the lighting market more and more. LED TV sets 
are far ahead in development when compared to LED lights. In this way, the big companies have 
a head start if they start selling / developing luminaires. Philips, Cree, Samsung, Osram are the 
ones who are the biggest players in the LED industry. 
- If you want to contact someone at Philips, you can talk with Viktor Olsson. I practiced at 
Philips for Viktor and Svante Pettersson, and they are very good at LEDs. He works in the 
Retro-fit development (such lamps that can replace today's incandescent bulbs have the same 
sockets and similar to its design). 
- (Philips is very careful to point out that their LED lamps are not manufactured in China, as this 
facilitates sales in the U.S., who would prefer not to strengthen the economy of China.) This is 
generally for serious luminaire manufacturers, not just Philips :) 
- When manufacturing / sort LED's, you have a batch of about 100miljoner LED lights, the 
manufacturer goes through, out 100miljoner pieces usually 10% clear of the tests. Of the 10%, 
about 10% good light value and these are the ones that go on sale. 
- The better (more efficient) LED, the more expensive it becomes. 
Batch: 
- Imagine that every production of LED chip is an iceberg and the chip manufacturers want to 
access, they are sticking up above the water (about 10%). Of these 10 percent only a certain 
percentage as a quality measure (light color, lifetime, color rendering, etc. <- quality simply). 
If you mix batches from the lower part of the 10% with the top, you can get variations of grades. 
Therefore, you want the chip from the same batch (which costs money, then everyone wants it!). 
LED chip of the iceberg under the water often goes to the apparatus, machines, etc. Products 
where color rendering is not important. 
- One last tip to see if the LED is good. Put your hand under the lamp, if your skin change into a 
green or blue tone, then it's not a good LED (for warm white LEDs). 
 
Maintenance: 
- Fluorescent lamps "burn" away the dirt, LED lights rays not heat in the "direction of light," so 
they "burn" does not remove the dirt, however, burn the heatsink off the dirt on top, because it 
is the heat sink that dissipates heat from LED-chip. 
- For example, AUDI installed heating coils in their LED lights for cars, to melt away the snow, 
which can be collected at the headlights in the winter. 

- We can provide LED lights a different color spectrum by placing a color filter (for example, 
phosphorus) in front of the LEDs. This is to reduce, for example, the blue peaks in the spectrum 
of white LED lights have. This has divided opinions since these results in power losses. Do not 
forget that the white LEDs are blue LEDs but with phosphors to get white light, depending on 
how thick phosphor layer, the smaller blue shines through -> the less effective the LED. 
- The blue peaks of the color spectrum of white LED's usually have increases melatonin levels in 
the body (This applies to all lamps, these peaks). A study has been made at nurses who work 
shifts, shows that increased melatonin levels resulted in an increased risk of breast cancer than 
those who worked day time and had a normal production of melatonin. Note, this is a study 
conducted in fluorescent lighting. But since the LED has even greater spike in blue are therefore 
anxious! 
- One should not confuse Kelvin with daylight, as this can be misleading. Just because daylight 
has a high Kelvin numbers around 10,000 K, this does not mean that lamps with high Kelvin 



 

speech be a great compliment, as these often have high spikes in the blue spectrum and shines 
blue. Daylight has a large variation in the spectrum, thereby better, and difficult to reproduce. 
- It has been done some testing with LED technology in cultivation, with different wavelengths 
IR, UV, Blue, Red, etc. The lettuce like they did the tests on turned out to grow differently at 
different wavelengths. At a wavelength had the lettuce grown broad a wavelength other had made 
the lettuce had grown in height and wavelength were the salad did not grow at all. This means 
that it is hesitant to what happens in the human body at different wavelengths. 
Illuminate a room: 
- When you highlight a room that gives the vertical surfaces a lighter feel. For example, in a 
tunnel, if only the floor that has a good reflectance, this gives a dark impression, but if it's the 
walls display a good reflectance, this would give a brighter appearance. 
- Lux why? It is very individual what kind of lighting you want, older people have poorer vision 
may need higher luminous flux than younger ones, you cannot follow all the rules evenly. 
- People who could was interesting for you to contact is Svante Pettersson at Philips he has a 
blog called Light attitude. Johan Röklander, my old teacher at the School of Engineering, 
Lighting Sciences, Jönköping, has a blog ljusdesign.blogspot.se. Röklander are really talented on 
the light! 
DIALux: 
- When you do your project in the program will you be consistent and use the same criteria for all 
fixtures you are testing. You will see DIALux as a tool, nothing more, you learn more on field 
trips and look at the environment to construct the armature. 
- When doing calculations in DIALux can the calculate grid be set to not go up against the wall, if 
you want to save on lighting. This is done by setting distance on the interface, this can be drawn 
into a half meters. Also calculate the vertical surfaces to see how the light spreads. Often, you do 
not have as high lux outside the walls as on the desktop, where you can save energy! 
- Explain why you chose your maintenance factor and the different reflectance surfaces (roof, 
wall and floor). 
- The equilibrium value should preferably be around 0.4 at least for office space. To the eye 
should have a harmonious ambience and not become irritated due to different lighting 
conditions. 
Sensitivity: 
- With regard to sensitivity, the LED's much better than Metal halogen and fluorescent lamps, as 
these cannot withstand shocks. 
- Induction, QL, may cause interference (electromagnetic radiation) in electrical devices, so I 
think it might not be the best option for your part, then there are milking machines and other 
apparatus which may be damaged by these light sources. Philips is a major manufacturer of light 
sources has stopped selling induction lamps, it says, after all, something about the technology. 
Philips is still patent, but these lights have been around for 50 years, with the same technique. 
And it has not breakthrough and now with recent reports of interference with electronic devices 
prevents me recommend induction technology, yet! ;) 
- If you had asked me to choose LEDs to your fixture two years ago, I would said no, but today, 
I say yes to that choice. LED technology is evolving all the time and it's mostly the blue peaks of 
the color spectrum that they are trying to reduce. 
- However, it can be difficult to compare LEDs to other light sources as this is a different type of 
technology. The reflectors in today’s LED provide better uniformity of light and the LED you 
get the light where you want it because they give a "direct light". 
- Lighting is not just about light, it is an interaction between light and shadow. A room that is lit 
same everywhere can be seen as sterile, you need a variation to thrive. 
- You might not need to light up the barn everywhere; this can create a diverse environment and 
reduce the number of fixtures. 
- The illumination can be a bit misleading. If one shines a flashlight in an illuminated room there 



 

is almost no change, but if one shines with the same flashlight in a dark room it will lit up the 
whole room. For example, you can read a book in the moonlight assigned to nearly only 1 Lux. 
LED again: 
- The great thing about white LEDs is that it almost does not radiate anything red because cows 
do not see that color. 
- Red light is best at night, when this does not affect people's night vision as much. 
- The disadvantage of Metal halide lamps is that they take about 20min to reach 100% of their 
brightness before they are lit by 100% gives them emits a yellow / green light, the same is true 
when they start to break. 
- Women cannot be colorblind; they are very sensitive about a light pulling on a green or blue. 
- You can calculate a luminaire / light source light distribution aiding the point method, but this 
does not give the whole cake, you get only some pieces of the light scattering. 
- If you must have a fitting at height shall be any narrow beam. A narrow beam fixture / lamp 
gives less light loss. At low altitude, it is better with wide beam lamp / light source. 
- Plasma technology is still very expensive. 
- You can have a light fixture where cows stay to offer the illuminance and another fixture or 
lamp for proper light. To reduce the number of watts. You can also use various lenses to affect 
the lighting in the room. 
- Advantages of LED is that they provide a smoother and more direct light, so less loss, than, say 
MH. And so can handle the cold better than MH, also the efficiency is better in the cold. 
- Companies that manufacture LED fixtures are very secret how they go about in their 
development, in the current situation is that technology very hot, so they are afraid to let their 
solutions. If I were you I would take an armature that you like. Select it and start from it when 
you are designing your fixture. Philips lighting "Gentle Space", you can talk with Viktor. You can 
ask for the price, but say you do not need exact price figures only approximate. 
- When ordering the LED lights after you ask for a batch, select LED with selected values (K, 
lum, w, etc.) This is how our luminaire manufacturers that we buy luminaires from do. 
Elektroskandia produces no own fixtures. 
- And do not project more difficult than it is, I say this as a former student! Take a light fixture, 
based on it, say you chose a similar LED.modul found in, for example, Philips. And use it as a 
basis for your fittings. 
- To get even more light per watt, you can look up a company in Umeå, they have a Swedish 
patent for a lens that allows the luminaire emits 6 times more light. I cannot remember quite 
what they're called, prisma something .. (Prismalence) These lenses are used in marinas in Sweden 
and China. 
- If you have more questions, please call or come by. 

  



 

Appendix 4 – Contact with the company Luxim.  
Ramiro Barajas [mailto:rbarajas@luxim.com] 
Dawn Sansen [dsansen@luxim.com] 

June 29, 2012 Clas 

Hi, we are two persons who are writing our thesis at DeLaval in Tumba(Sweden). Wich is about 
constructing a luminaire, therefore are we wondering what the cost of a plasma bulb is. 

July 03, 2012 Dawn Sansen 

Thank you for your inquiry.  I have attached some information on our lamps as well as 
information on our luminaries’ development kit which is what one typically purchases on initial 
order.  Below are the components for the development kit. 

There are three components to the development kit: 

1.  The lamp.  This includes the emitter and driver, and interconnecting cable. 

2.  Accessory kit.  The kit includes power supply to provide a desk-top standalone system for 
testing purposes, the driver heat sink, small stand for emitter, and appropriate connectors and 
wiring to support easy setup.  The lamps do not plug directly into the wall but use 28V DC 
source, and the power supply has the required connections to provide a system that is ready to go 
from the box. 

3.  Communications kit.  This interface allows you to control the lamp further using our 
customer Graphical User Interface.  You can operate the lamp without the GUI as a simple 
on/off lamp, but to get full use of the dimming controls and other system controls you will want 
to use the GUI software.  The GUI software is specific to the family of lamps that you use, as 
they have different control functions in support of different applications. 

The development kit with everything listed above sells for $795.00. 

Let me know if you have any questions.  We are looking forward to working with you. 

July 03, 2012 Clas 

Our thesis is about lowering the energy consumption regarding a lighting fixture. 

The lamp that is used today is metal halide (OSRAM 400w, HQI-BT 400W/D). 

The light sources that we find interesting for the improvement of the fixture is LED, Plasma and 
induction, due there long life span. 

The lighting fixtures task is to light a surface of 20x50 meter and a illumination of 180-200 Lux. 
The problem that we face is that we cannot calculate the illuminance, I think we need a light 
distribution curve(candela/angel), for the plasma to do that. 

July 09, 2012 Ramiro 

I need more info. Do they only want a layout in that area that will give them 180-200 lux within 
that area? Do we determine the height and the locations? Is it indoor or outdoor? Do they have 
pole locations?  

They can call me.  



 

July 12, 2012 Clas 

Hi again, 

As I wrote before, we are performing our thesis for a company here in Sweden. The task is to 
theoretically construct a new lighting fixture. The requirement for the fixture which we will 
construct and design is that it must be more energy efficient against their existing fittings. The 
existing one is using a metal halogen bulb. 

We belive that LED and possibly plasma are the best options for reducing the energy 
consumption. But as I wrote earlier, we have a lack of knowledge in the calculations for how to 
determine the number of LED´s that we have to sit in the luminaire to achieve the right amount 
of light. This also applies to the plasma, how many would be needed to achieve the requirements 
that the company has given us. 

The requirement is that the lighting in the barn(50x20meter) must be 180-200lux one meter 
above the floor level, installation height of the fixtures can vary from 5-9meters depending on the 
size of the barn. The locations of the luminaires must be decided to meet the demands. We do 
not have the the pole locations... 

Hope this information is enough, otherwise let us know. :) 

July 14, 2012 Ramiro 

I am still not sure if this is what they want.  

Attached is a layout of a room 20m x 50m x 10m high. 

The units are mounted at 9m per their max height request. I used a typical Hi-Bay fixture with 
the open 55deg reflector. The lux numbers are at the 1 meter plane. 

 

There is only one STA41-01 plasma LEP lamp per unit. They need 12 fixtures to complete this 
area and get 180 to 210 average lux. 

If they still need more info please have them contact me direct. 

  



 

Appendix 5 – Contact with Göran Manneberg (translated to English). 
27 June – 03 July 
U Göran Manneberg [goran.manneberg@biox.kth.se] 

Hello Göran, 
Me and Daniel Vester Dahl is studying at KTH in Södertälje and are performing our thesis at 
DeLaval Tumba. 
The thesis is a continuation of a previous project results, it was supposed to reduce energy 
consumption of DeLaval's existing lighting fixtures. Lars Hagman, who is our supervisor and 
lecturer thought you could help us in this area. 
Me and Daniel have now reached the phase of work where we will design a reflector and choose 
light source that can reduce the energy consumption while meeting the requirements put on the 
lights for the cow. The requirements are that it should be 180lux (16hours) throughout the area 
where the cow is present but also to a maximumof 10lux (8hours) at night. The different light 
sources that we investigated is the LED, inductive, plasma, and that previous work looked at the 
ceramic metal halogen. What we would like to know is mainly how the shape of the reflector 
affects the reflection and radiation. As it is said that it will shine down and not to the side if 
possible. 
DeLaval current FL400F fixture has a "rectangular" reflector (picture 1) and having a metal 
halogen lamp of 400W. 
The prototype of the previous project has an "oval" shaped reflector (picture .2) and has a 
ceramic metal halide lamp of 310W, at night it is thought that it should turn the light off and the 
built-in LED lights should illuminate. 
We therefore believe DeLaval lamp should have "losses" to the side and that one of the reflektor 
shapes C, D or F should be the best option. 
 
Grateful for answers 
Best regards 
Clas Johansson and Daniel Vesterdahl 

 

Hello! 
Is convinced that in the long run and especially with the price trends which is predicted is LED 
the better option. Reflector is not needed at all and the light yield is very good. In addition, the 
lifetime of the diodes dosnt degrades as the others do. What does the geometry typically look 
like? (Ceiling height, surface per lamp to be lit, etc.? Is 180 lux an average over the illuminated 
surface, or minimum at any point or illumination directly under the lamp? 
Best Regards g 

Hi, thanks for the quick reply. 
A typical surface that our supervisor gave us is 20x50meter and the entire surface must have 
180lux one meter above the ground. The height of luminaires fitted to range from 5-9meter, 
thereafter is the number of fixtures for this to be met calculated. We have also seen LEDs as the 
best option, however have the lights that we found had a little less light output than the ceramic 
metal halogen. 
 
When we had the meeting with our supervisor from Germany, he had been told that the LED 
would be too hot, be worse from an energy point of view and not able to deliver 180lux on 
9meters height. Lighting fixtures for LED lights you see on the market usually has a reflector, is 
this more of a shielding effect? 
 



 

Best regards 
Clas & Daniel 

 

Hello! 
There is quite a large resistance to LED lights on the market, because of the investments made in 
other types of lamps. So far, the outcome of the price comparisons isn’t of the favor of LEDs, 
but it is just a matter of time. As for light output, you should probably not buy ready-made lights 
that usually are made to be round trawler. Diodes are mounted in rows is probably the most 
sensible. Reflector is not needed as I said, but in some context, for aesthetic reasons shielding to 
be good. Ideal is to make a plexiglass-rod with a special design which is in front of the diode. The 
design of these is fairly new, but has quickly become something as a standard. These take the 
light that goes straight ahead ± 30 ° with the lens effect and that which is outside the parabolic 
reflector. Builds about 20 - 25mm from the surface of the diode (depending on the size of the 
chip diode). 
Best Regards g 

Hello again, 
as you see it, the LED lights can manage the task? 
We thought we could meet you some day and discuss the problem situation and the various light 
sources, if you have time of course. 
Best Regards 
Clas & Daniel 

Hey, Göran! 
We sent an email to you about if we could meet, so we could describe our task. 
What we find difficult is because we have insufficient knowledge of light theory, is to calculate 
the number of LEDs needed to get an illuminance of 180Lux. Previously, we used the "point 
method" to get the brightness of the lights, but when in use of a light distribution curve, which is 
usually available in the product data sheet. But the LED lights we have found doesnt have such a 
curve. 
If this is so that you do not have the time or are on holiday, we would be grateful if you could 
refer us to someone who could help us. 
Best regards 
Clas Johansson, IOD3 
Daniel Vesterdahl, IOD 3 

 

  



 

Appendix 6 - Interview with Johan Johansson, Hardware developer, KJ3 Elektronik 
AB, Sweden 

 05 Aug 2012 

- Q. What should you take in consideration when creating an LED module? 
- The module shall have ballast, PCB (printed circuit board) and assembling (which in your 

case will not be done manually).  
 

- Q. what shall you think of when choosing Ballast for LEDs? 
- The ballast provides the LEDs constant current well as adjusts voltages. It is cheaper to 

build ballast for low current. A recommended current of 350mA, 700mA is preferred. 
- You can look for ballast on ELFA, there is ballasts made by Meanwell 

(www.meanwell.com) that are good. 
 

- Q. And the Circuit board? 
- In your case when it’s about high wattage module, I'd recommend to check for PCBs 

manufactured in aluminum laminate, PCBs laminate is usually made of fiberglass. That 
means that a heat sink is also is a must for design. 

- When it comes to prices, there is a company here in Sweden, Cogra Pro AB 
(http://www.cogra.se) that are good at manufacturing PCBs. And for mounting the parts 
you can check out Flextronic (http://www.flextronics.com). 

 

- Q. The goal is to make a luminarie that have a manufacturing cost around 1000–1400 
SEK, do you think it's possible? 

- Yes, it’s not impossible, but it requires a hard job to locate the best suppliers and 
components, etc. 

  



 

Appendix 7 – Cost estimation and improvement for the FL-X and 
FL-LED 
 

To obtain the cost proposals were a meeting with three employees at DeLaval organized. The three employers 
participated at the meeting was Otto Hellekant, manager mechanical engineering, Birger Romnäs and Frederick 
Palmer, mechanical designer. 

 
Number of units was sat to 5000/ year. 

For further information about the different parts read the previous report. 

FL-X, materials and manufacturing methods from the previous report 

Lampshade 

Material: “The lampshade will be constructed in an aluminum alloy because of the materials low weight and good resistance towards 
corrosion.” 

Manufacturing method: “As manufacturing method for the lampshade it is recommended to use casting. When it comes to casting 
there are in this case two possible methods, low pressure chill casting or die casting.”  

Estimated cost: 50 SEK/ kg, with chill casting. 

Recommended manufacturing method: Metal spinning 

Suggestion of material: Aluminum or stainless steel 

Recommendations: Remove the tracks and lip for a cheaper construction. 

Reflector 

Material: “The base material is the same aluminum as the lampshade. On it is a layer of 99.9 % pure aluminum. It’s covered with a 
layer of silicon- respectively titanium oxide which protects the pure aluminum and enhances the reflectance. The reflector gets a reflectance of 
95 %”. 
 

Manufacturing method:” The reflector will be manufactured using die casting, which is a good manufacturing method when the wall 
thickness is low. Aluminum will be used for the reflector because of the highly malleable and light weight properties.” 

Estimated price: 500 SEK/ kg, with die casting with surface treatment. 

Recommended manufacturing method: Metal spinning 

Suggestion of material: Aluminum or stainless steel 

Recommendations: Remove the tracks and lip for a cheaper 
construction. 

FL-X, materials and manufacturing methods from the previous report: 

 

Arc bracket 

Material: “The arc bracket will be made of austenitic stainless steel.” 
 

Manufacturing method: ”The manufacturing process will be bending 
and drilling for the four M6, two M12 and two M8 screws.” 

Density(kg/ dm3) 2,7 
Volume( dm3 ,from CAD)   1,424 dm3

Mass, kg 3,845 kg
Total estimated cost 192 SEK

Density(kg/ dm3) 2,7 
Volume( dm3 ,from CAD)   0.612 dm3

Mass, kg 1,653 kg
Total estimated cost 827 SEK

Density(kg/ dm3) 8,0 
Volume(dm3 ,from CAD)   0.212 dm3

Mass, kg 1,698 kg 
Total estimated cost 170 SEK



 

Estimated price: 100 SEK/ kg, with bending and punching holes or optionally laser for drilling 

die casting with surface treatment. 

 

Screws for the arc bracket 

Estimated price: 10 SEK/ pc, Ergonomic stainless 
steel screw.  

 

 

 

Cable bushing (for further information read the previous report) 

Estimated price: 10 SEK/ pc, Plastic 

  

Ballast house  

Material: “not described”. 
Manufacturing method: “not described”. 

 

Recommended manufacturing method:  
Ballast Lid – casted 
Casing- precision casting 
Seal - casted 

Suggestion of material: 
Lid – Aluminum 
Casing- Aluminum 
Seal - Rubber 

Recommendations: Plotter spray 

Estimated price: 
Lid – 100 SEK/ kg 
Casing – 175 SEK/ pc 
Seal – 25 SEK/ pc 

 

Snap (for further information read the previous report) 

Recommended manufacturing method: Extrusion, cutting, treatment  

Estimated price: 60 SEK/ pc, for the hole snap (3 parts). 

Recommendations: Integrate one of the parts in the housing and lamp shade. 

  

Ergonomic Screws 
Total pieces 2 
Total price 20 SEK

Cable bushing 
Total pieces 6 
Total price 60 SEK

Bolts 5 SEK/pc
Total pieces 8
Total price 40

Ballast Lid
Density(kg/ dm3) 2,7 
Volume, dm3 (from CAD)  0.141 dm3

Mass,kg 0,381 kg 
Total estimated cost 38 SEK 

Casing
Density(kg/ dm3) 2,7 
Volume, dm3 (from CAD) 0.358  dm3 
Mass, kg 0,965 kg 
Total estimated cost 175 SEK 

Snap 
Total Pieces 7 
Total Cost 420 SEK



 

Lamp hatch, glass and seal  

Material & Manufacturing method: “The glass is the same as in the FL400F; a tempered glass. After the glass is made it’s 
reheated and then quickly cooled down changing the structure of the glass. Due to the process, internal stresses occur with the material 
making it more fragile to direct hits but it can withstand high temperatures.”  

“In order to seal and fixate the glass to the frame a silicone based high temperature sealant will be used.”  

 

“The frame is made in the same aluminum as the lampshade. The manufacturing method will be the same as for the lampshade.”  

  

Estimated price:  
Hatch ring - 250 SEK/ kg, with die casting and welded hinge 
detail. 

Glass – material cost 600 SEK/m2 

Seal – 50 SEK/ pc or 40 SEK if bought in  

Recommended manufacturing method: Metal spinning 

Suggestion of material: Aluminum or stainless steel 

Recommendations: Remove the tracks and lip for a cheaper 
construction. 

Luminarie components  

CMH= 800 

Ballast= 1700 

Price for an R42180 is 11, 59558 SEK93 when ordering at least 500pcs. 

LED= 6 pcs*11,6 ≈ 70 SEK 

Ballast LED(red)= 211,65 SEK94 

 

Estimated cost for one fixture: 

2 178 SEK 
Estimated cost for one luminarie: 

2 178+800+1700+70+212= 4 960 SEK 

Estimated cost for 5000 luminaries: 

24 800 000 SEK 

  

                                                 
93 Digikey, ‘R42180-01‘, [web page] (2012) Op. Cit.129. 

94 Molectric, ‘ Drivare-230-Volt-17-Watt-700mA’, [web page] (2012)<http://www.molectric.com/p537/Drivare-230-Volt-17-
Watt-700mA/product_info.html>, accessed 2012-08-13 

Hatch(ring)
Density(kg/ dm3) 2,7 
Volume, dm3 (from CAD) 
 

0.136 dm3

Mass, kg 0,366 kg 
 

Total estimated cost 92 SEK 

Glass
Area, m2 0.131 m2 

Total estimated cost 79 SEK 



 

Appendix 8 - LED ARMATURE COST ESTIMATION 

The prices in the table below are estimated from the price of the manufacturing estimation on the 
FL-X. 

Price estimation for FL-LED M1 
Part Density(kg/ dm3) Volume(dm3) Mass(kg) Estimated price(SEK) 
Module 2,7 1,809 4,88 340 
End cap 2,7 0,0402 0,10 60 
Fixation 2,7 0,116 0,31 44 
End cap Seal    50 
Glass    44 
PCB    500 
Cree XM-L    27*38=1026 
Cree XP-E    10*4=40 
LED90W    460 
RACD03     60 

 

(XM-L) The price for one led, ~27 SEK.95  

(XP-E) Price for one red LED, ~10 SEK96 

LED Driver for the Main lighting: 

LED90W-128-C0700-D, is manufactured by the company Thomas Research Products and has a 
price of 455,89884 SEK97.( White LED) 

 

The ballast for the red LEDs: 

RACD03-35098, is manufactured by the company Recom Power Inc99 and costs 60,33288 
SEK100(Red LED) 

 

Appendix 10 - Environmental impact and hazardous substance 
                                                 
95 Digikey, ‘XPL ‘, [web page] (2012) 
<http://www.digikey.se/scripts/dksearch/dksus.dll?vendor=0&keywords=XMLAWT-00-0000-0000T5051>, 
accessed 2012-08-10 

96 Digikey, ‘XPE ‘, [web page] (2012) <http://www.digikey.se/product-search/en/optoelectronics/leds-75ma-high-
brightness-power/525057?k=XPERED-L1-0000-00301>, accessed 2012-08-10 

97 http://www.digikey.com/product-detail/en/LED90W-128-C0700-D/1121-1121-ND/2786619 

98 http://www.recom-international.com/pdf/Lightline/RACD03.pdf 

99 http://www.recom-power.com/ 

100 http://www.digikey.se/product-detail/en/RACD03-350/945-1413-ND/2652166 



 

Carbon dioxide emissions 
In a normal year the carbon dioxide emissions for 1kWh electricity in Sweden is about 20 grams of carbon dioxide 
per kWh, 20gCO2/kWh. The emission is low due that the most of the energy in Sweden is produced in hydro- and 
nuclear power plants. During a dry-year, the Swedish electricity production can’t meet the demands, this require 
energy import from other countries.  With moderate imports the carbon dioxide will double to 40gCO2/kWh. 
Under a wet-year, this admits the Swedish water reservoirs to be full, the electricity is essentially free from carbon 
dioxide101. 

Mercury 
Mercury, Hg, is a chemical element that’s often produced from mercury ore. The chemical is the only metal that is in 
a liquid state in standard conditions for temperature and pressure102. Mercury is in a solid state when it has a 
temperature of −38.83 °C and has a boiling point of 356.73 °C103.  

Amalgam is a mercury alloy, and can be formed with almost all metals with the exception of iron and platinum104. 

The critical organs that mercury targets are the brain and kidneys.105 The most sensitive period for brain and nervous 
system are at the embryonic stage. Children, with mothers who had an excessive intake of mercury in this period, has 
the normal development been delayed.106  The mercury can be converted into methylmercury, a chemical 
organometallic compound, which is a highly toxic and bioaccumulative environmental pollutant.  

It is therefore important to recycle products with mercury. When recovering lamps containing mercury, they are first 
crushed. Phosphors are separated from the metal and glass. This then is placed in a distiller which the mercury vapor 
is condensed and gathered. Other recycler crushers the light source in a liquid that oxidizing the mercury, then it’s 
separated from the metal and glass107 

  

                                                 
101 Svensk Energi, ‘koldioxidutsläpp’, [web page] (2011) <http://www.svenskenergi.se/sv/Om-el/Miljo-och-
klimat/Klimatpaverkan/koldioxidutslapp/>, accessed  2012-06-20 

102 Wikipedia, ‘Standard conditions for temperature and pressure’, [web page] (2012) 
<http://en.wikipedia.org/wiki/Standard_conditions_for_temperature_and_pressure>, accessed 2012-06-25. 

103 Wikipedia, ‘Mercury (element)’, [web page] (2012) <http://en.wikipedia.org/wiki/Mercury_(element)>, accessed 
2012-06-25. 

104 Wikipedia, ‘Amalgam (chemistry)’, [web page] (2012) <http://en.wikipedia.org/wiki/Amalgam_(chemistry)>, 
accessed 2012-06-25. 

105 Sciencedirect, ‘Mercury exposure in children: a review’, [web document] (2004) 
<http://njiway.net/health/eoh/cehsweb/kiddiekollege/documents/counter04_mercuryexpochildren.pdf>, 
accessed 2012-06-25.  

106Livsmedelsverket, ‘Kvicksilver, [web page] (2011) <http://www.slv.se/sv/grupp1/Risker-med-
mat/Metaller/Kvicksilver/>, accessed 2012-06-25. 

107 Energimyndigheten, ‘avfall och återvinning’, [web page] (2011) <http://energimyndigheten.se/Hushall/Din-
ovriga-energianvandning-i-hemmet/Hembelysning/Avfall-och-atervinning/>, accessed 2012-06-25. 



 

Appendix 11 - Specifications for the Light Sources 

 

OSRAM HQI-BT 400W/D 

Wattage108: 400W 
Luminous efficacy88: 83 lm/ W 
Lumen maintenance (L70)88: 12 000h, 
see figure 26. 
Lifespan88: 12 000h 

Environmentally hazardous 
substance109: Mercury 
Dimmable: No 
Startup time110: 15-20 min 
Re-strike time90: 10-20 min  
Price (with ballast): 250 lamp111 + 600 
ballast112 = 850 SEK 
CRI (color rendering index) 88: 90 
Color temperature88: 5200 

LIFI-STA-41-01 

Wattage113: 275W 
Luminous efficacy114: 115 lm/ W 
Lumen maintenance (L70)100: 50 000h 
Lifespan100: 50 000h 
Environmentally hazardous substance: Mercury 
Dimmable99: 20-100% 
Startup time99: Yes, 45 sec 
Re-strike time99: Yes, 2 min 
Price (with ballast): 5500 SEK, appendix 
CRI100: 80 
Color Temperature100: 6000K 

                                                 
108 Osram, Powerstar hqi technical information, [web document] (2009) 
<http://www.osram.de/media/resource/hires/318139/POWERSTAR-HQI---TECHNICAL-INFORMATION-
(GB).pdf>, accessed 2012-08-03 

109 Osram, miljödeklarationer för ljuskällor, [web document] (2006) 
<http://www.osram.se/osram_se/Kundservice&Verktyg/Broschyrer/Miljoedeklarationer/HQI_BT_400W.pdf>. 
acccessed 2012-08-03. 

110 Reefkeeping, ‘Facts of light, [web page] (2008) <http://reefkeeping.com/issues/2007-03/sj/index.php?>, 
accessed 2012-08-03. 

111 Thomann, ‘ osram hqi bt 400w/d e40, [web page] (2012) 
<http://www.thomann.de/se/osram_hqi_bt_400wd_e40.htm> , accessed 2012-08-03 

112 National lamps and components, ‘Vossloh scwabe 400w elerctromagnetic ballast’, [web page] (2012) 
<http://www.nationallampsandcomponents.co.uk/f.php/Control-Gear/Vossloh-Schwabe-Ballasts/Vossloh-
Schwabe-400W-Electromagnetic-Ballast/17/205/1646>, accessed 2012-03. 

113 Luxim, ‘H400 Highbay Luminaire’, [web document] (2012) <http://www.goodmart.com/pdfs/luxim/hs.pdf>, 
accessed 2012-08-03. 

114Luxim, ‘LiFi STA 41-01’, [web document] (2012) <http://www.luxim.com/pdfs/STA%2041-01.pdf>, accessed 2012-
08-03. 



 

Master Color CDM-T Elite 315W942 1CT 

Wattage115: 315W 
Luminous efficacy93: 113 lm/ W 
Lumen maintenance116(L70): 30 000h,(figure 28) 
Lifespan93: 30 000h 
Environmentally hazardous substance93: Mercury 
Dimmable: No 
Startup time93: 3 min as max 
Re-strike time93: 10 min as max 
Price (with ballast): 800 lamp117 + 1300 ballast118 = 2500 
SEK  

CRI93: 85 (as min), 93 (as nom). 
Color Temperature93: 4200K 

 

Cree® XLamp® XP-G LEDs in the Group R3 

Wattage120: 4.9, maximum power (W) 
Luminous efficacy103: 93 lm/ W @ 1.5 A 
Lifespan103: 60 000 hours 
Environmentally hazardous substance: No 
Dimmable: 0-100% 
Startup time: No 
Re-strike time: No 
Price121: ~24 SEK/ LED 
CRI101: 75 
Color temperature101:3 700 – 5 300 K 

 

 

                                                 
115 Philips, ‘Master Color CDM-T Elite Med Wattage’, [web document] (2012) 
<http://download.p4c.philips.com/l4b/9/928601164801_na/928601164801_na_pss_aen.pdf >(p.1), accessed 2012-08-03. 

116 Philips, ‘Perfect sparkle, reliable life’, [web document] (2012) 

<http://download.p4c.philips.com/l4bt/3/322853/mastercolour_cdm-t_elite_mw_322853_ffs_aen.pdf> (p.6), accessed 2012-
08-03. 
 
117 Philips, ‘Katalog & prislista Ljuskällor & Driftdon 2011, [web document] (2011) 
<http://www.lighting.philips.se/pwc_li/se_sv/connect/assets/pdf/tools_downloads/Catalog_sesv_2011.pdf> (p.86), accessed 
2012-08-03. 
 
118 Philips, ‘Katalog & prislista Ljuskällor & Driftdon 2011, [web document] (2011) 
<http://www.lighting.philips.se/pwc_li/se_sv/connect/assets/pdf/tools_downloads/Catalog_sesv_2011.pdf> (p.204), accessed 
2012-08-03. 

119 Philips, ‘ Daybrite HB-20020 ’, [web document] (2011) <http://www.daybrite.com/pdfspecs/HB-20020.pdf>, 
accessed 2012-08-03. 

120Cree, ‘ XLamp XP-G ’, [web page] (2012) < http://www.cree.com/led-components-and-
modules/products/xlamp/discrete-directional/xlamp-xpg>, accessed 2012-08-03. 

121 Digikey, ‘XPG ’, [web page] (2012) 
<http://www.digikey.se/scripts/DKSearch/dksus.dll?Detail&partId=2278800&quantity=1&cref=&em1=Minumu
m%20Quantity%20Not%20Met&uq=634799972998933738>, accessed 2012-08-03 

Specifications for the 128 CREE XPG LEDs in the 
Day Bright HBL LED High Bay 
 
Wattage119: 300 W 
Luminous efficacy105: 77.5 lm/ W 
Lumens105:  22,435 
Current105: 700 mA 
Total Luminous efficacy105: 22 435 lm / 300 W = ~75 
lm/W 
Lumen maintenance (L70)105: 100 000h at 45 °C 
CRI105: 76 
Color temperature105: 4000 K 
 



 

ICE150/841/2P/ECO  

Wattage122: 150W 
Luminous efficacy107: 76 lm/ W  
Lumen maintenance (L70)123: 60 000h, figure 33. 
Lifespan107: 100 000h 
Environmentally hazardous substance: Mercury 
Dimmable: No 
Startup time107: No 
Re-strike time107: No 
Price (with ballast): 300 lamp124 + 1200 ballast125  = 
3200 SEK 
CRI107: 80  
Color Temperature107: 5000 K 

 

Master Color CDM-T Elite 210W942 1CT 

 

 

Price: 700 lamp126 + 1200 ballast127 

  

                                                 
122 Sylvania, ‘ ICETRON ECOLOGIC ’, [web document] (2011) <http://www.1stsourcelighting.com/uploads/documents/Syl-
Icetron-PB%202011.pdf>, acceseed 2012-08-03. 

123Sylvania, ‘SYLVANIA ICETRON®QUICKTRONIC®’, [web document] (2012) 
<http://www.lithonia.com/Micro_Webs/induction/ICETRON.pdf > (p.4), accessed 2012-08-03. 
 
124 Elightbulbs, ‘ICE150/841/2P/ECO’’, [web page] (2012) <http://www.elightbulbs.com/Sylvania-26153-ICE150-841-2P-
ECO-U-Shaped-T17-Icetron-Fluorescent-Tube>, accessed 2012-08-03.  

125 Atlantalightbulbs, ‘QTX1X150-240-ICE-UNVT, [web page] (2012) 
<http://www.atlantalightbulbs.com/ecart/nw012104/QT1X150.120-240-ICE-UNVT.htm>, accessed 2012-08-03. 

126 Philips, ‘Katalog & prislista Ljuskällor & Driftdon 2011, [web document] (2011) 
<http://www.lighting.philips.se/pwc_li/se_sv/connect/assets/pdf/tools_downloads/Catalog_sesv_2011.pdf> (p.86), accessed 
2012-08-03. 
127 Philips, ‘Katalog & prislista Ljuskällor & Driftdon 2011, [web document] (2011) 
<http://www.lighting.philips.se/pwc_li/se_sv/connect/assets/pdf/tools_downloads/Catalog_sesv_2011.pdf> (p.204), accessed 
2012-08-03. 



 

Appendix 12 – FEM-analysis of the bracket 

 

Choice of material  

The material that was chosen was the aluminum AL6061, in Creo. 
It has similar properties to the aluminum that was selected in the 
report. 

Safety Factor 

Here was a total force of 180N chosen which would correspond to the  
three modules and more, shown in figure 1.  
The weight of one platform is estimated to 4,5 kg.  

 

 

Result 

Below are the results of displacement and stress caused by the force of 180N. It indicates an 
displacement of 1,9 micrometer (figure 2) and an stress of 4,3 megapascal (figure 3). This means 
that the construction of the bracket will manage the load of three modules. 

  

Figure 1, force of 180N

Figure 2, displacement [mm]



 

 

Figure 3, Stress von Mises [MPa] 

 

 

Figure 4 Measurement of the bracket taken from PCT, Creo. 

  



 

Appendix 13 - FL-LED Module system 
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