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Sammanfattning  

Arbetets syfte är att undersöka olika avisningsmetoder och isförebyggande åtgärder för hu-
vudstrålkastare och baklyktor, speciellt LED-lampor. Ytterligare syfte är att undersöka hur 
stort problemet med otillräcklig avisning är beroende på vilken region och miljö som fordonen 
körs i. 
 
Problemet med otillräcklig avisning av fordonsbelysning har undersökts genom observatio-
ner, en förarenkät samt genom tester av olika strålkastare och baklyktor. Avisningsmetoder 
har identifierats genom en litteraturstudie. Metoderna har studerats i detalj och några har 
även utvärderats genom tester. Testerna har utförts enligt en för uppgiften framtagen testme-
tod. De insamlade uppgifterna har sedan används för att utvärdera om åtgärder behöver vid-
tas och för att ge rekommendationer för framtida utvecklingsprojekt. 
 
Första prioritet bör vara att förbättra baklyktornas avisningsförmåga. Huvudstrålkastarna kan 
även de förbättras men det föreligger inte i dagsläget något akut behov av det. Otillräcklig 
avisning av huvudstrålkastare och bakljus kan potentiellt vara ett problem i alla miljöer med 
ett kallt vinterklimat. Baklyktorna bör utrustas med en eluppvärmd lins för att förbättra avis-
ningen. Lamporna bör placeras på ett sådant sätt att snö och is inte kan ansamlas ovanpå 
dem. Avisningstiden för en baklykta bör inte överstiga 10 min. Lastbilschaufförerna behöver 
bli bättre på skrapa av is och snö från huvudstrålkastare och baklyktor. 
 
Avisningstiden för Scanias H7 huvudstrålkastare är 20 min för halogen versionen och 35 min 
för xenon versionen vid -18 °C. Detta kan jämföras med att BMW:s LED-huvudstrålkastare 
behöver 65 min för att avisas. LED-huvudstrålkastare är troligtvis begränsade till en avis-
ningstid kring 60 min om inte någon extra värme tillförs. Den snabbaste metoden för att avisa 
en huvudstrålkastare är att använda varm spolarvätska men elektrotermisk avisning kan 
också vara mycket effektivt. Den föreslagna testmetoden är ett enkelt sätt att jämföra och 
utvärdera olika huvudstrålkastare och baklyktor. Det som är unikt med testmetoden är hur 
isskiktet på lamporna bildas. Isskiktet som skapas är extremt jämt och lätt att utvärdera. 
 

Nyckelord: avisning, huvudstrålkastare, baklyktor, LED, varm spolarvätska, testmetod, isskikt 
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Abstract 

The work aims to study different methods suitable for de-icing and ice prevention of vehicle 
headlamps and tail lamps, especially LED-lights. Furthermore, the work aims to investigate 
the scale of the problem with insufficient or lack of de-icing on automotive lamps depending 
on the region and the environment the vehicle operates in. 
 
The problem with insufficient de-icing in automotive lamps was investigated by observations, 
tests of various lamps and a driver survey. Deicing methods were identified through a litera-
ture review. The methods were studied in detail, and some were also evaluated by tests. The 
tests were narrowed down to temperature measurements and de-icing measurements. The 
latter were performed using a test method especially developed for the task. The collected 
data was used to evaluate whether actions are needed to be taken and to form recommen-
dations for future developments. 

 
The number one priority should be to improve the tail lamps de-icing ability. Headlamps can 
also be improved but there is no imminent need. Insufficient de-icing of headlamps and tail 
lamps can potentially be a problem in all areas subjected to cold winter climate. Tail lamps 
should be fitted with electrical heating in order to improve the de-icing ability. They should be 
positioned so that snow and ice does not stack on top of them. The de-icing time of tail lamps 
should be less than 10 min. Truck drivers needs to be better in scraping their headlamps and 
tail lamps. 
 
The time needed for de-icing Scania’s H7 headlamps is 20 min for halogen version and 35 
min for xenon version at -18 °C. This should be compared to the BMW LED-headlamp which 
needs 65 min to complete de-icing. LED-headlamps are probably limited to a de-icing  time 
of approximately 60 min unless additional heat is added to the headlamp lens. The fastest 
and most efficient way to de-ice the headlamps is to use hot washer fluid. Electrically heated 
lenses are also effective but the de-icing process is slower. The proposed test method is a 
simple and effective way to compare and evaluate headlamps and tail lamps without knowing 
internal airflows and light sources. The way the ice layer is created on the device under test 
is unique to this method. The created ice layer is extremely uniform  and the results are easy 
to evaluate. 
 
Key words: de-icing, headlamp, tail lamps, LED, hot washer fluid, test method, ice layer  
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1 Introduction   

1.1 Scania company presentation 
Scania AB is a Swedish manufacturer of heavy trucks, buses and engines for industry and 

marine appliances founded in Malmö 1891. The company is today one of the world’s leading 

manufacturer of its kind and the majority shareholder is since 2011 the German motor com-

pany Volkswagen AG. 

Scania has been remarkably successful and have show good earnings even during periods 

of financial decline. The company has reported profit every year during a period of more than 

seven decades. Scania’s three core values: ‘’customer first’’, ‘’respect for the individual’’ and 

‘’elimination of waste’’ forms the company and its culture, leadership and success.  

The company operates in approximately 100 countries and has more than 37500 employees 

among about 3300 works with research and development. Scania’s head office is situated in 

Södertälje where the company also has a large production plant. During 2011 the company 

produced in total 72120 trucks, 7988 buses and 6960 engines. [1] The Scania logo can be 

seen in Figure 1 below. 

 

Figure 1: Scania's logo shows a Griffin, from the coat of arms of the Swedish region 
 of Scania (Swedish: Skåne) were Malmö is the regional capital. [1] 

1.2 Background   
LED-technology has been introduced to the automotive industry. The main argument for in-

corporation of this technology is found in its low energy consumption, long life and opportuni-

ties to achieve a high efficiency and flexible designs of headlamps and tail lamps. This ena-

bles a large amount of solutions making the vehicle unique and special. Scania currently us-

es LEDs to a certain extent in signal lamps and front lamps and the use of LEDs is most like-

ly to increase in the future. The trend in the automotive industry is clear, the use of LED light-

ing in vehicles increases. LED-headlamps are still not very common and not as good as the 

best Xenon- headlamps but improvement are being made constantly. It's just a matter of time 

before this will be in every man’s car. 

 

Audi built the world’s first ALL-LED headlight system in 2009 and since then the rest of the 

companies within the automotive industry have been striving to catch up and introduce sys-

tems of their own. All electric systems within a combustion vehicle are powered by energy 

which originates in the fossil fuel powering the engine. It’s therefore clear that by lowering the 

consumed electricity the fuel consumption is also lowered which is good.   
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By introduction of cold light sources such as LED the excess heat previously used for defog-

ging and de-icing headlamps and tail lamps is lost. Large amounts of snow and ice are built 

up at the rear of trucks and can subsequently completely cover the tail lamps resulting in loss 

of light. At the front melting water can pour down and freeze, covering headlamps and signal 

lamps mounted on the truck cabin. The problem with fogging and moisture intrusion in lamps 

is an area where the automotive industry puts large amount of resources trying to solve 

through simulations and test of various ventilation solutions. Methods regarding de-icing 

however have not been given the same attention, which is very likely to change as the usage 

of LEDs continues to increase. [2] 

 

1.3 Objectives 
The purpose of this master thesis is to study different methods suitable for de-icing and ice 

prevention of vehicle headlamps and tail lamps, especially LED-lights. The work is carried 

out through literature studies and practical tests in laboratories. Additionally the work aims to 

investigate how the problem with insufficient or lack of de-icing in automotive lamps depends 

on the region or the environment the vehicle operates. The rapport has three main objectives 

which are defined as following: 

 
 First objective is to produce a list of design concepts capable of reducing the problem 

with icing of LED-lamps by improved de-icing, anti icing or a combination of both. 

 
 Second objective is to develop and verify a test method capable of comparing lamps 

with different de-icing solutions. 

 

 Third objective is to suggest reasonable de-icing requirements for LED-headlamps 
and tail lamps based on performed de-icing tests. 

 

1.4 Delimitations 
The thesis focus is to investigate different de-icing solutions and to determine which of these 

that could be efficient and possible to implement into Scania’s future lamps. There are many 

different lamps on a truck and there isn’t time to evaluate them all so the work is limited to 

only investigate headlamps and tail lamps. The reason for selecting headlamps and tail 

lamps is due to their large exposure to snow and ice, situated close to the road surface. See 

the appendix Lamps and functions. 

The lab tests will be narrowed down to temperature and de-icing measurements of head 

lamps and tail lamps. Headlamps will be tested with only dipped beam function and tail 

lamps with only taillight function switched on. 
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2 Methods 

2.1.1 Literature review 

In the initial stage of the project a literature study was conducted in order to find appropriate 

theories, literature and previous work within the field of de-icing and defogging. Important 

sources of information were the Scania library, the KTH-library, internet websites and data-

bases of articles and patents. The collected literature consists of books, scientific articles, 

patents, Scania's technical reports and guidelines and presentations from Scania subco-

tractors. 

During the literature study general knowledge regarding working principles, placement and 

function of different automotive lamps were acquired. Physics literatures about heat transfer 

and phase transition of water have been studied to fully understand the core of the problem. 

Finally knowledge of several different de-icing and anti icing methods and the difficulties to 

implement these in practice were acquired.  

2.1.2 Experiments 

Laboratory testing was an important and large part of this thesis. Temperature measurement 

of headlamps and tail lamps were performed in order find the temperature distribution on the 

lenses and the temperature at certain key component. The temperature distribution shows 

the heat transfer paths and gives a hint whether de-icing will be achievable or not. De-icing 

performance was measured by applying a layer of ice on the lens and then observes how 

long it takes for the lamp, after switching on, to melt the ice layer. Experiments with different 

design concepts were also conducted.  

2.1.3 Observations 

Trucks that have been parked within the Scania gates have been observed and photo-

graphed. This was done to find out if there were any problems regarding insufficient de-icing. 

The second reason was to find out clues about what might cause ice accretion on headlamps 

and tail lamps. Trucks have also been observed during daily travels between Stockholm and 

Södertälje. 

2.1.4 Interviews  

In order to get an understanding of the customer acceptance regarding insufficient de-icing 

some persons involved in sales and marketing at Scania were interviewed. The benefit of 

interviews is that they are able to provide first-hand information developed for the specific 

study.  

2.1.5 Surveys  

A survey was designed and sent to Scania's test drivers to take part of their experiences and 

thoughts on de-icing and driving in winter conditions. The survey gives an idea of how big the 

problem with insufficient de-icing of vehicle headlamps and tail lamps is and a hint of what 

might bother customers.  
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3 Theory of Heat transfer 

It’s known from thermodynamics that energy can be transferred by interactions of a system 

with its surroundings. Heat transfer theory describes the mechanisms that provide for heat 

exchange and the methods for computing the rate of heat exchange. Heat transfer occurs 

when there is a temperature difference within a system. According to the second law of 

thermodynamics heat transfer is only possible from a warmer to a colder body and not vice 

versa. There are three basic heat transfer processes, which are listed conduction, convection 

and radiation. [3], [4] A thermodynamic model of a headlamp can be seen in Figure 2 below.  

 

Figure 2: Thermodynamic model of a conventional headlamp including  
some factors affecting icing and de-icing. [5] 

3.1 Conduction 
Conduction is the transfer of thermal energy from the more energetic to the less energetic 

molecules of a substance due to vibrations between the molecules. Conduction can take 

place in solids, liquids, or gases but is most significant in solids. The physical mechanism of 

conduction in gases and liquids is due to collisions and diffusion of molecules caused by their 

random motions. Conduction in solids is due to the vibrations of molecules in a lattice and 

the energy transport by free electrons. 

Heat transfer processes can be quantified in terms of rate equations in order to compute the 

amount of energy being transferred per unit time. The rate equation for conduction is known 

as Fourier's law of heat flux. A one-dimensional plane wall with a temperature distribu-

tion     , is shown in Figure 3. The heat transfer rate or heat flux in the x direction per unit 

area orthogonal to the direction of transfer is written as Equation 1. 

Figure 3: One-dimensional heat transfer by conduction. [3] 

L 
x 

T 
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       (1) 

The heat flux is proportional to the temperature gradient      , in this direction. The param-

eter         is the thermal conductivity, a material property characteristic for each material. 

The thermal conductivity of some selected materials are given in Table 1 below. The temper-

ature gradient is linear under steady state conditions so Equation 1 can be expressed as 

Equation 2. 

  
      

     

 
   

     

 
   

  

 
       (2) 

The heat rate by conduction      , through a plane wall of area A, is then the product of the 

heat flux and the area of the wall. See Equation 3 given below. [3], [4] 

     
         (3) 

 

Table 1: Thermal conductivity of some selected materials. [6] 

Materials Type  Thermal  conductivity 
     

Usage 

Duroplast Thermoset 0.290 Reflector base material 

Bakelite Thermoset 0.402 Reflector base material 

Polypropylene (PP) Thermoplastic 0.220 Reflector base material 

Polyetherimide (PEI) Thermoplastic 0.240 Reflector base material 

Polyethersulfone (PES) Thermoplastic 0.190 Reflector base material 

Aluminium  Metal 210 
Reflective coating  
Reflector base material 

Stainless steel AISI 302 Metal 15.9 Reflector base material 

Magnesium  Metal 159 Reflector base material 

Silver Metal 419 Reflective coating 

Glass  0.173-0.200 Lenses 

Polycarbonate  Plastic 0.173-0.200 lenses  

Polypropylene with  
30%  Glass Fiber Filler  

Reinforced  
Thermoset 

0.270-0.331 Housing material 

Polypropylene with  
40%  Talc Filler  

Reinforced  
Thermoset 

0.317 Housing material 

Polyetherimide (PEI) with 
10% Glass Fiber  

Reinforced  
Thermoplastic 

0.176 - 0.500 Housing material 

Ice  1.88  

Water  0.598  

 

3.2 Convection 
Convection is a type of heat exchange, which take place between a bounding surface and a 

fluid (e.g., liquid or gas) in motion when the two are at different temperatures. The process of 

convection is comprised of the two mechanisms heat diffusion and advection. The first 

mechanism transfer energy by random molecular motion. The latter mechanism transfer en-

ergy by fluid bulk motion. Further, convection may be divided into two categories according 

to the nature of the flow. [3], [4] 
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3.2.1 Forced convection 

The flow is caused by external means such as by a fan, a pump, or atmospheric winds. 

3.2.2 Natural convection 

The flow is caused by buoyancy forces which are induced by density differences caused by 

temperature variations in the fluid. 

Regardless of the particular type of the convection heat transfer process, the simplified rate 

equation is formulated according to Equation 4. 

                   (4) 

Where the convective heat flux     is proportional to the difference between the surface and 

fluid temperatures,    and  , respectively. The expression is known as Newton’s law of cool-

ing. The parameter             is the convection heat transfer coefficient. It depends on 

conditions in the boundary layer. 

3.3 Radiation 
Thermal radiation is the energy emitted in the form of electromagnetic waves and it can be 

attributed to the thermal motion of charged particles in matter. This type of energy transfer 

does not require the presence of an intervening medium, which conduction and convection 

requires. Energy transfer by radiation is transmitted at lightning speed and suffers no attenu-

ation in a vacuum. All forms of matter that is at a nonzero temperature emit radiation. [3], [4] 

The intermediate portion of the electromagnetic spectrum, with wavelength of 0.1 to 100µm 

is called thermal radiation. The radiation includes a portion of UV light, all visible light and 

infrared light. Thermal radiation emitted by a surface includes multiple wavelengths with dif-

ferent magnitudes, a feature which is called spectral distribution. Directional distribution is 

another feature which implies that a surface may emit preferentially in certain directions.  

3.3.1 Blackbody radiation  

The rate at which energy is released per unit area by radiation is termed the emissive power. 

In order to evaluate the emissive power of a real surface it's necessary to introduce the con-

cept of a blackbody. It is an ideal surface, which satisfy three conditions. First, it absorbs all 

incident radiation regardless of wavelength and direction. Second, no surface can emit more 

energy than a blackbody for a prescribed temperature and wavelength. Third, a blackbody is 

a diffuse emitter. The radiant energy emitted by a blackbody is a function of wavelength and 

temperature but is independent of direction.  

The blackbody serves as a standard, against which the radiative properties of actual surfac-

es may be compared. The emissivity ( ) is a radiative property of the surface relative that of a 

blackbody. The value is in the range 0≤ ≤1. Blackbody radiation corresponds to emissivity 

 =1. The emissive power E is given in Equation 5, where    is the surface temperature,   is 

the emissivity and   is the Stefan-Boltzmann constant (                     ).  

      
        (5) 
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4 Theory of Automotive Lighting 

4.1 Optical concepts 
Today’s modern headlamp is based on two different optical concepts, these are reflection 

and projection. These concepts are used both separately and in combination. Reflection sys-

tems use a large reflector behind a clear or patterned lens while projection systems use a 

small light aperture with a characteristic lens. Reflection systems are in general higher and 

wider but require less installation depth than projection systems. [5] 

4.1.1 Reflection technology 

The light of the bulb is distributed by the geometric shape of the reflector and optional patter-

ing in the cover lens into the road surface. A shading cap covers the light bulb partly in order 

to prevent direct beaming of the bulb and illumination on areas where it’s unwanted and 

could cause intolerable glare above the cut off. The current trend is to use clear cover lenses 

in headlamps accompanied with smooth, segmented or faceted reflectors. These systems 

use in contrast to conventional systems no scatter lenses on the cover lens or on any inter-

mediary lens placed between the cover lens and the reflector. The light distribution is pro-

duced by the reflector geometry and the shading cap. In the past, most reflectors were made 

of stamped sheet metal. Today most reflectors are made of computer-calculated free-form 

reflective plastic surfaces and only a few are made of stamped sheet metal. A picture of a 

reflector headlamp can be seen in Figure 4. 

 

 

 

Figure 4:  Scania Reflector headlamp [1] 

4.1.2 Projection technology 

The light generated by the bulb is focused by an elliptical reflector in the focal plane of the 

lens. A small shield in the reflector limits the light bundle in order to produce the cut-off. In 

front of the reflector is a plano-convex aspheric lens fitted which projects the light onto the 

road. This lens typically has a diameter of 40-75mm. Characteristic for projection systems is 

the color fringe on the sharp cut-off. A picture of a projector/reflector headlamp can be seen 

in Figure 5. 
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Figure 5: Volvo Projector/Reflector headlamp. 
Note: Projector module marked with a red arrow. [7] 

4.2 Light source technologies 

4.2.1 Incandescent light bulb 

The classic light bulb produces light with a filament wire. Light is produced by heating the 

filament wire within the glass bulb to a high temperature by an electric current passing 

through it until it glows. The hot filament is protected from oxidation with a glass bulb that is 

filled with inert gas (or evacuated). 

4.2.2 Halogen bulbs 

The halogen bulb is a type of filament bulb which was introduced in the 1960’s. In a halogen 

bulb one or several halogens have been added to the inert gas. Halogens are a certain group 

of elements which includes iodine, chloride bromine, among others. The purpose of adding 

halogen atoms (e.g. iodine) is to reduce the blackening of the glass bulb caused by tungsten 

vapor from the filament wire. The tungsten iodide is gaseous at temperatures above 250 °C 

and decomposes into tungsten and molecular iodine at high temperatures. This means that 

by keeping the tungsten iodide in gaseous state it cannot precipitates and cause blackening 

of the glass bulb. Halogen bulbs give a bluish-white light and are relative small in order to 

obtain a temperature of more than 250 °C. The lamp preserves its original light output over 

the life of the lamp. 

Gas discharge light sources 

The Xenon light sources and fluorescent light sources fall within this category. These light 

sources generate light by sending an electrical discharge through an ionized gas, a plasma. 

The working gas is typically a noble gas (argon, neon, krypton and xenon) or a mixture of 

these gases. It’s very common to also add other materials such as mercury, sodium and 

metal halides. Free electrons are necessary for the current flow and are produced by a spe-

cial ignition device. The free electrons within the plasma are accelerated by the electrical 

field in the tube and collide with gas and metal atoms. The atomic collisions cause some 

electrons in the atomic orbitals to jump to a higher energy state. The electrons emit energy in 

the form of light when they fall back to their lower energy states. The atoms are either left in 

an exited state or ionized depending on the absorbed energy. In order to avoid a cumulative 

ionization and an ever increasing current, electronic devices with current limiting functions 

are used. The lamps used in xenon headlamps are based on high pressure gas discharge. 

The luminous volume is very small and a very high luminance can be achieved. The lamps 

http://en.wikipedia.org/wiki/Electrical_discharge
http://en.wikipedia.org/wiki/Ionization
http://en.wikipedia.org/wiki/Plasma_(physics)
http://en.wikipedia.org/wiki/Noble_gas
http://en.wikipedia.org/wiki/Argon
http://en.wikipedia.org/wiki/Neon
http://en.wikipedia.org/wiki/Krypton
http://en.wikipedia.org/wiki/Xenon
http://en.wikipedia.org/wiki/Electrical_field
http://en.wikipedia.org/wiki/Electrical_field
http://image.trucktrend.com/f/40027948/Volvo-FH-Front-Headlight-Detail.jpg
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are very efficient compared to thermal emitters. The light's color composition and appear-

ance can be controlled by adding suitable materials. The light spectrum contains UV-light 

which need to be filtered to avoid damage to the headlamps plastics covers. Xenon head-

lamps were first introduced in the early 1990’s. 

 

4.2.3 LED 

Light emitting diodes is a special type of semiconductor which emits light when an electrical 

current flow through it. A LED consists of a semiconductor material doped with impurities to 

create what is called a PN- junction. The charge carriers (electrons or holes) recombine at 

the PN- junction and releases energy in the form of photons. The color of the light depends 

on the semiconductor materials that are used and could be in the ultraviolet, infrared or visi-

ble spectrum. Unlike incandescent bulbs, which can use AC/ DC, LEDs require DC. The 

most common type of LED is surface mounted. Much work has been done to make enclo-

sures with sufficient cooling since the LEDs are sensitive to overheating. [8] The differences 

between LED and the other light source technologies are displayed in Table 2. 

 

Table 2: Comparison of automotive lamps 

Automotive 
lamp 

Standard bulb 
W5W 

Halogen Bulb 
H7 

HID Lamp  
D2S 

High-power 
LED 2.5Watts 

Light source: Filament Filament Light arc LED 

Luminance: 5Mcd/m2 30Mcd/m2 90Mcd/m2 70Mcd/m2 

Luminous flux: 50lm 1100lm 3200lm 175lm 

Color tempera-
ture: 

2700K 3200K 4000K 6500K 

Capacity: 5W 55W 35W 2.5W 

Energy balance: 5% light radiation 
95% heat radiation 

8% light radiation 
92% heat radiation 

28% light radiation 
58% heat radiation 
14% UV radiation 

15% light radia-
tion 
85% heat radia-
tion* 

Efficiency 8 lm/W 25lm/W 90lm/W 70lm/W 

Service life: 800 hours 500 hours 2500 hours 25 000-
50 000hours 

Vibration-
proof: 

To a certain extent To a certain extent Yes Yes 

Ignition volt-
age: 

No No Yes 23000V (3rd 
generation) 

No 

Electronic con-
trol: 

No No Yes Yes 

Replaceable Yes Yes Yes No 
Note (*) the heat radiation is on the backside of the LED and not in the direction of the light. [9] 
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5 Operating conditions 

5.1 Icing & fogging 
Headlamps and tail lamps are normally not hermetically sealed and are therefore subject to 

ambient air intrusion. The air which flows into the lamps could be warm and humid depend-

ing on temperature and weather condition. Fogging is a phenomenon which arises when 

warm humid air is cooled off. Warm and humid air is cooled and condenses into small water 

drops which can attach to a cold surface such as a windscreen or a lamp lens. If this hap-

pens the water drops forms a thin layer of vapor on the cold surface. If the surface is very 

cold the vapor layer gets frozen and forms a layer of frost. [10] Frost layers can form either 

on the inside or on the outside of the lamp lens depending on conditions. However frost 

formed on the inside of the lens is in general sparse and of less concern but of course it af-

fects the appearance. Frost layers which have formed on the outside of the lens have a neg-

ative effect on the light image because they are thicker and often completely cover the lens. 

See Figure 6. 

 

 

Figure 6: Truck headlamp covered in ice and snow 

 

5.2 Humidity 
Dry air is a mixture of gases, which consists of 78 % nitrogen, 21 % oxygen, and 1% of ar-

gon, carbon dioxide and other gases. The amount of moist is in general only a few percent. 

The relative humidity is the amount of water vapor present in proportion to the maximum 

amount at a certain temperature. The relative humidity is expressed as percentage of humidi-

ty at saturation, i.e. the maximum amount of water that may be in a gaseous state at the cur-

rent temperature. The maximum amount of water vapor at a certain temperature is called the 

saturation value and it corresponds to a relative humidity of 100 %. If the amount of water 

vapor exceeds the saturation value the excess will devolve into liquid water by condensation 

or to solid ice by deposition. The higher the temperature, the more water can be in gaseous 

form and hence the greater the saturation value.  
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One cubic meter of moist air at +20 °C and 1013.25 hPa contains typically between 3-17 g of 

water vapor. In Figure 7 below it can be seen that one cubic meter of air can contain different 

amounts of water depending on the temperature. Notice that the increase of water vapor 

content is much less in the interval - 30 to 0 °C than the interval 0 to +40 °C. [10] The theory 

which is presented in this chapter is fundamental to understand the de-icing test method pre-

sented in chapter 8 and the environment the trucks are subjected too. 

 
 

Figure 7: The amount of water vapor at saturation at different temperatures (100% relative humidity). [11] 
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6 De-icing and Anti-icing methods  

This is a short overview of the most commonly used de-icing and anti-icing methods which 

are currently used in the aeronautical and vehicle industry. Anti-icing should not be mistaken 

for de-icing. De-icing is to remove ice after it begins to accumulate while anti-icing is to pre-

vent ice from forming. Traditionally, de-icing and anti-icing has been accomplished by me-

chanical, chemical and thermal methods.  

 

6.1 Mechanical methods 
 

6.1.1 EMEDS- Electro-Mechanical Expulsion De-icing System 

This is an effective de-icing system which was developed during the cold war in the US by 

the company Innovative Dynamics Inc, financed by NASA and DARPA (Defense Advanced 

Research Projects Agency). The system is currently used by a couple of smaller passenger 

jets. The system consists of De-icing Control Unit (DCU) and an Energy Storage Bank (ESB) 

that contains capacitors, and electromechanical actuators. The expulsive actuators are 

mounted on a substructure or a metal tray under a semi-rigid metallic or composite aircraft 

skin. The idea is to send an electric charge to an actuator, creating a magnetic field which 

forces the actuators cross-section to change shape rapidly from elliptical to near circular. 

Due to the actuators are positioned close to the aircraft skin, this action gives a force which 

results in high acceleration, and low deflection of the aircraft skin. The sudden deflection of 

the skin shatters and removes the accreted ice.  Depending on the de-icing cycle time the 

inter-cycle thickness can be controlled. These systems are only effective if the ice thickness 

is typical at least 1.5 mm. The energy discharged from the ESB each time a 15’’ actuator is 

fired is about 45 joules (550 V and 300 µF capacitance). The aircraft skin deflects 0.6-1.0 

mm in less than 0.005 s. EMEDS can also be combined with different thermal subsystems 

such as electro thermal de-icing for greater efficiency. [12] A hybrid system that combines 

wet anti-icing with EMEDS can be seen in Figure 8. 

 

Figure 8: Hybrid system (wet anti-icing combined with EMEDS) [12] 
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6.1.2 Pneumatic de-icing boots 

The idea is to attach Inflatable rubber strips (boots) to the leading edge of the wing and tail 

surfaces. When the system is activated the boots are pressurized with air causing them to 

expand breaking ice off the surface as the shape of the wing changes. The wing shape is 

then restored by applying suction to the boots forcing them to return to their original shape. 

[13] The leading edge of the wing, before and after deicing boots are inflated is illustrated in 

Figure 9. 

 

 

Figure 9: Pneumatic de-icing boots [13] 

 

6.1.3 Headlamp wipers  

It was previously common to use wiper blades in order to remove grime accumulated on the 

headlamps lens. These were if properly adjusted and maintained very effective in keeping 

the headlamps clean. The headlamps were sprayed with washer fluid from the spray nozzles 

and then wiped clean by the wipers. However this was a complex and sensitive mechanism 

which often broke and malfunctioned.  Most manufacturers of cars and trucks have stopped 

to purchase and use wiper blades for headlamps in favor of high pressure spray nozzles. 

Today’s car and trucks no longer have headlamps with nearly-vertical faces, which diminish 

the practical utility of wipers. Headlamp lens coverings have been sloped toward the horizon-

tal, to reduce drag and improve fuel efficiency. The move to use plastic instead of glass as 

material for the lens also limit the usage of wiper blades as they might scratch the plastic 

lens. However, test conducted at Scania have proved that wiper blades do work and are ef-

fective if properly adjusted at least for some headlamps designs. The tests were conducted 

by A. Karlsson, Scania in 2003 and 2006. [14] 

Headlamp wipers are most likely to be effective for wiping off wet snow and slush and there-

by preventing ice to build up on the lens. If wipers are used accompanied with hot washer 

fluid very good de-icing properties are to be expected. 
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6.1.4 Aerodynamic design 

The wind speed and the aerodynamics of the vehicle influence the snow and ice buildup on 

lamps. A more aerodynamic design could possibly reduce the ice and snow buildup on the 

lamps to some extent. Especially the rear light would benefit of a more aerodynamic design 

to avoid snow grime and dirt. The Scania headlamp aerodynamics can be seen in Figure 10.  

 

Figure 10: Scania headlamp aerodynamics [1] 

6.1.5 Splash guards and Covers 

A simple and effective way to reduce ice to build up on tail lamps is to prevent snow and ice 

from getting their in the first place. Extra long splash guards can be used to prevent the slush 

from splashing up on the tail lamps. Protection shall be designed and constructed with regard 

to drainage of melt water. Figure 11 shows a tail lamp with a protective cover in metal. 

 
 

Figure 11: Protective cover  

6.1.6 Design 

Avoid ice shelves where snow and ice accumulate above the headlamps to prevent that melt 

water flows down and form ice on the lamp. Observations have indicated that melt water 

causing ice on headlamps is a major problem. See Figure 12. 
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Figure 12: Ice shelf (marked by arrow)  

6.1.7 Super hydrophobic coatings  

Most de-icing methods are energy consuming and many also have a negative impact to the 

environment due to the use of chemicals. By integrating anti-icing technology into material 

design it’s possible to make de-icing and anti-icing methods more efficient and sustainable. 

Scientists and engineers have recently begun to explore the utility of super hydrophobic sur-

faces in delaying and reducing the accumulation of wet snow, ice or frost. [15] Coatings with 

hydrophobic or super hydrophobic properties are in general most effective in glaze ice condi-

tions. [16]  

Super hydrophobic coatings are water repellent surfaces, on which liquid water adhesion is 

low. The water adhesion is defined as the contact angel a sessile drop forms when placed on 

a surface. Surfaces with high contact angels (>150°) and low contact angel hysteresis (<10°) 

are usually attributed super hydrophobic. The idea of using coatings with these characteris-

tics is to reduce or eliminate water accumulation on the surface before water freezes. This is 

expected to lower ice or wet snow accumulation on such surfaces. The ice and water adhe-

sion on a surface depends on intermolecular forces in the contact interface. It has been 

found that materials with super hydrophobic characteristics often also show weak ice-

adhesion making them suitable for ant icing strategies. [16] Super hydrophobic surfaces can 

prevent ice formation upon impact of super cooled water both in laboratory condition and in 

natural occurring environment. This was verified by Cao et al through testing hydrophobic 

surfaces made of nanoparticle-polymer composites.[16]  

The anti-icing property of the coatings is dependent not only on the superhydrophobicity but 

also on the size of the particles in contact with the surface. It follows from this that surface 

texture and multiple length scales should be considered when constructing hydrophobic sur-

faces. Research indicates that highly ordered micro/nano structured super hydrophobic sur-

faces can be designed to remain entirely ice–free down to approximately -25 to -30 °C. In a 

recent study by Mishchenko et al the dynamic droplet freezing on structured surfaces was 

investigated.[15] The ice accumulation test in the study was conducted by letting a cold (0 

°C) stream of water droplets fall from a 10 cm height at a rate of 0.06 ml/s onto a 30° tilted  

cold (-10 °C) surface. Different surfaces with ether hydrophilic, hydrophobic or super hydro-

phobic properties were tested. No freezing or accumulation was observed on the super hy-

drophobic surfaces in contrary to the rest. The properties and geometries of super hydropho-
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bic surfaces and a comparison between different surfaces from the study can be seen in Fig-

ure 13. There are some issues with the use of super hydrophobic coatings due to gradually 

degradation of anti icing properties. Hydrophobic coatings for windscreen have a lifetime of 

about 3 years. The use of super hydrophobic coatings as anti icing materials in humid envi-

ronments may be limited by water condensation or frost intrusion which affects the anti-icing 

properties negatively.[17] A new future concept for durable hydrophobicity are self generating 

water repelling layers. The idea is to use a polymeric replenishment layer, which releases a 

volatile wax like polymer through a porous, nanostructured metal oxide top coat. This self 

healing concept could prove to have stable super hydrophobic properties over long terms. 

[18] 

 

Figure 13: Ice accumulation on (A) flat aluminum, (B) smooth fluorinated silicon, and (C) micro structured 
fluorinated silicon surfaces. Insets show small graphs of super hydrophobic surfaces: posts, bricks, 

blades and honeycombs (scale bars: 10µm).The white circles indicate the position of droplet impact. Note 
that no freezing or accumulation can be seen on the super hydrophobic surface (C) in contrary to the rest. 

[15] 

6.1.8 Icephobic coatings 

Coatings specially designed to prevent ice from sticking to a surface due to their anti-

adherent properties are called icephobic. [19] Ice phobic coatings are in general the most 

effective coatings in rime ice conditions. The first study on icephobic coatings was done by 

the U.S. Navy in the sixties. The potential of the coatings was found to be insufficient to moti-

vate further research so no studies were to be done for several decades. In recent years low 

adhesion coatings have gain interest again. Studies of ice adhesion on various surfaces sub-

jected to atmospheric icing were performed by Anderson and Reich in 1997. They discov-

ered that ice accretion depended solely on environment condition and not on the surface on 

which the ice accreted. It was shown that coatings cease to be effective and ice accumula-

tion is accelerated as soon as a thin layer of ice has formed on the surface. A study to de-

termine ice adhesion efficiency of seven ice-phobic coatings was performed by Laforte et al 

in 2002. [16] The best coating was able to reduce the ice adhesion by 37 % compared to 

uncoated aluminum. The study concludes that ice phobic coatings may not be suitable as a 

standalone de-icing solution due to gradually degradation caused by successive de-icing 

operations. A study was made in 2008 to find an ice-phobic coating for the brackets securing 
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the liquid oxygen feed line to the tank on the NASA space shuttle.  The study found that a 

coating mixture of Rain-X® and MP-55 resulted in low ice adhesion compared to bare metal. 

One of the most recent studies of ice-phobic coatings date to 2011, which suggests the use 

of PTFE coatings in order to improve hydrophobic and ice-phobic properties of aluminum 

alloys. The suggested coating show excellent mechanical durability and a 75 % reduction of 

ice adhesion compared to bare aluminum. The great reduction of ice adhesion can be ex-

plained by air pockets at the ice –solid interface due the 3D-nano topography. The coatings 

can be made almost transparent but it’s uncertain whether they can be applied to lamp lens 

materials and if they still would be effective. [16] 

6.1.9 Low thermal emissivity coatings 

Low-emission glasses for windows have been around for almost two decade. These are 

usually windows coated with a thin silver layer. The Fraunhofer Institute for Surface Technol-

ogy (IST) in Braunschweig has together with researchers from Volkswagen and Audi devel-

oped the first anti-fogging and anti-icing car windscreen. The secret is a thin transparent lay-

er of indium tin oxide (InSnO) on the outer surface which blocks heat radiation. 

The conductive "Low-E coating" prevents the windscreen from cooling, so that water on the 

outer surface doesn’t condense or freeze. This means that by minimizing the heat radiation 

loss through the glass it’s possible to prevent or delay cooling of the glass below the dew 

point. The technology makes it possible to prevent ice accretion on windscreens even at 

temperatures as low as -18 °C. Weather conditions such as cloudiness, relative humidity and 

wind are also important and most certainly affect the windows condensation behavior. The 

coating cannot completely prevent ice formation or condensation, but it can greatly reduce 

the probability of it to happen. There is one issue with the coating; it limits radio traffic in the 

automobile which can impair radio and mobile phone reception. So when can this product be 

on the marked? Thomas Drescher of Volkswagen Development has said:"It will take some 

time before the ice-free car windscreen is market-ready, but we are working intensively to-

ward this goal. The bottom line is that for the Volkswagen Group, the ice-free window repre-

sents a successful innovation that is unique worldwide.’’ [20] The difference between a wind-

screen with and without 'Low-E' coating is displayed in Figure 14. 

 

Figure 14: Windscreens (right: with 'Low-E’ coating, left : without ‘Low-E’ coating) [20] 
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6.2 Chemical methods 

6.2.1 Weeping wing system 

This is a de-icing system which is very common in the aircraft industry and has been used for 

many years. The principle is to pump de-icing fluid from a reservoir through a mesh screen 

embedded in the leading edges of the wings and tail. When the system is switched on by the 

pilot, the liquid starts to flow all over the wing and tail surfaces, de-icing as it flows. The sys-

tem is also often applied to the windscreen. This is in contradiction to normal preflight glycol 

spraying of aircraft a method which can be used during flight [13] 

 

6.3 Thermal methods 

6.3.1 Cooling fan 

Most headlamps designs contain ample passive heat sink in order to ensure that the temper-

ature sensitive LEDs not are getting overheated. One new method which currently is being 

used to some extent is the use of a small fan within the headlamp to distribute the heat gen-

erated by the LEDs to the outer lens. The method's technical principle is based on a reverse 

heat exchanger. 

For the thermal management a fan situated below the heat sink is used for an active cooling. 

The fan blows the air through the heat sink, and then the heated air is circulated around in a 

diffuser in the direction of the outer lens. The air gets cooled when it reaches the outer lens 

and then travels on back to the fan. This method combines the need of cooling the LED to 

avoid overheating and defogging and de-icing the outer lens. This method has been proven 

to be able to deliver high performance, in term of defogging and de-icing, while providing 

cooling for the LED. [21] 

 

6.3.2 Electro-thermal de-icing 

Electrically heated windscreens have been in use for a long time in the automotive industry. 

The principle is to use a network of thin electrical wires embedded within the glass to gener-

ate heat when an electrical current flows through. Windscreens using this technology are 

able to clear frost or ice three to five times faster than a conventional defrosters [22]. These 

windscreens are complicated and expensive to manufacture and cannot be repaired if heat-

ing elements burns out. [23] There are also some concerns related to the electrical heated 

windscreens which have led to a ban on certain markets. The main concerns are shimmering 

and obstruction of vision. 

Shimmering 

It occurs when the material immediately surrounding the wire is heated creating local change 

in the refractive index of the glass. The effect is however relatively short in duration and dis-

appears once the screen is warm.  

Obstruction of vision 

The reduction in light transmission through the windscreen can cause obstruction of vision 

under daylight condition. Therefore, the wires used are extremely fine, only 0.02 mm in di-

ameter and the number of wires are limited to 5 wires per cm of the windscreen.  
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Diffraction/refraction of light 

Scattering of light across the windscreen caused by oncoming vehicle headlamps was previ-

ously a big issue under low ambient light. This problem was due to the use of straight wires 

(uncrimped) causing multiple reflections of headlamps. This design fault has been taken care 

of by introduction of sinusoidal crimped wire which substantially reduces the reflections. Ex-

periences have shown that in order to maximize visibility the wires should be drawn vertically 

across the windscreen rather than horizontally. The explanation is that wires which run hori-

zontally have an effectively closer interwire distance due to the incline of the windscreen. [24]  

6.3.3 Conductive coatings 

Conductive polymers have in recent years attracted much attention due to their low weight, 

high conductivities and electrochromic properties. One of the most popular conductive poly-

mers is Poly(3,4-ethylenedioxythiophene) (PEDOT). They are used in several applications 

such as organic light emitting diodes (OLEDs), organic photovoltaic devices (OPVs), capaci-

tors, and sensors. The polymer have achieved commercialization in the form of a colloidal 

dispersion in water, then called PEDOT-PSS. Polymer coatings have several advantageous 

properties such as high stability, excellent transparency and relatively high conductivity 

(0.05-10 S/cm).The process of applying the coating to a surface is easy and several methods 

are available. The coating must not be subjected to temperatures above 200 °C, since the 

conductivity of the coating starts to decrease at this temperature. The coating can be used to 

make transparent heating circuits to defrost lenses and windscreens. The coating is highly 

durable as it shows high mechanical and chemical resistance. Whether large scale produc-

tion is possible is uncertain. [25] 

 

6.3.4 Pulse Electro-thermal De-icing. (PETD) 

A research team led by Professor Victor Petrenko at Dartmouth College has developed a 

new improved electro-thermal de-icing method called  PETD. It was presented in full detail in 

2011 after several years of extensive testing. The method has been proven to be faster, 

more effective and able to reduce the energy needed for de-icing by as much as 99% com-

pared to conventional electro-thermal de-icing.  

A thin-film-heater is constructed either on top of the surface where ice forms or inside the 

underlying structure depending on what is preferable. The heater is controlled to provide heat 

as short high energy pulses rather than continuously and by these avoiding heat losses 

caused by conduction and convection. The heater is in the case of windscreens a thin layer 

of clear indium tin oxide, but can be titanium foil or carbon fibers in applications were trans-

parency isn’t an issue.  

The short heat pulse melts just the amount of ice needed to reduce adhesion strength suffi-

ciently for the ice to loosen from the surface. This implies that no more heat than needed is 

used to heat the substrate or to raise the temperature of the ice. The heating times are in 

between 1 ms to 5 s long. This method is significantly more effective compared to traditional 

electro thermal technologies. The difficulty with PETD lies in power delivery. The entire sur-

face needs to be heated simultaneously 1-2 °C, which requires some energy. The energy 

needed is not more than an ordinary car while running can provide it. The PETD method can 

be applied to aircrafts, buildings, bridges, automobile windscreens and refrigerators. PETD is 

currently being developed for several large airplane manufactures by Goodrich. [26], [27]    
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6.3.5 Heat pipes   

A heat pipe is a heat transfer device which is extensively used in solar panels and electron-

ics. Heat pipes are in principle closed tubes made of materials with high thermal conductivity 

such as copper or aluminum with a fluid inside. Example of working fluids is water, ethanol, 

acetone or mercury. The interior wall of the tubes are covered with porous material. The 

pressure inside the tubes is such that the fluid evaporate at a certain temperature (commonly 

just above room temperature) depending on chosen fluid. Heat pipes are able to efficiently 

transfer heat between two solid interfaces by combining the principles of both mass transport 

and phase transition.  

One end of the heat pipe is thermally connected to a hot surface causing the fluid inside the 

heat pipe to evaporate into vapor at this end. The vapor then starts to travel towards the cool 

end of the heat pipe where it condenses back to fluid as it gets cold. The fluid is then ab-

sorbed by the porous material by capillary action. In the condensation process thermal ener-

gy contained in the vapor is released and transferred to the cold end of the heat pipe. The 

fluid flows back along the inside of the tube towards the warm end. See Figure 15. There are 

also other designs of heat pipes in which liquid is returned to the hot end by means of a sep-

arate tube or by gravity. Heat pipes contain no mechanical moving parts and typically require 

no maintenance. This is a significant advantage when it comes to durability in tough envi-

ronments where it might be subjected to high vibration levels.  

 

 

 

Figure 15: Heat pipe working principle [28] 

  

http://en.wikipedia.org/wiki/Copper
http://en.wikipedia.org/wiki/Aluminium
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Heat pipes are very effective in transferring heat. The thermal conductivity of a heat pipe can 

be several hundred times that of copper.[29] Heat sinks are easier to design and manufac-

ture but less effective at transferring heat compared to heat pipes. There are heat pipes us-

ing lithium as the working fluid, which have demonstrated a heat flux of 10-20 kW/cm². 

Heat pipes must be designed thoroughly based on the environment in which they will oper-

ate. The optimal temperature range where a heat pipe is working is determined by the choice 

of pipe material, size and working fluid. Physical properties of a few selected heat pipes 

working fluids can be found in Table 3. Heat transfer is only possible in one direction from 

where the fluid is vaporized to where it condenses. When a heat pipe is heated above its 

upper temperature limit all of the working fluid will vaporize and the condensation process will 

cease to occur. When instead the heat pipes gets below the lower temperature limit the 

working fluid will not undergo a phase change. In both cases the thermal conductivity will be 

reduced to that of the solid metal casing. [30], [31], [32] 

 

Table 3: Heat pipes working fluids [29] 

Medium Melting 

point [°C ] 

Boiling point at 

atmos. pressure [°C ] 

Useful range 

[°C ] 

Helium -271 -269 -271 to -269 

Nitrogen -210 -196 -203 to -160 

Ammonia -78 -33 -60 to 100 

Pentane -130 36 -20 to 120 

Acetone -95 56 0 to 120 

Methanol -98 65 10 to130 

Flutec PP2 

PPPPP2 

-37 76 10 to160 

Ethanol -114 78 0 to 130 

Heptane -91 99 0 to 150 

Water 0 100 30 to 200 

Toluene -95 111 50 to 200 

Flutec PP9 -70 160 0 to 225 

Thermex 12 257 150 to 350 

Mercury -39 357 250 to 650 

Cesium 28 678 450 to 900 

Potassium 63 759 500 to 1000 

Sodium 98 883 600 to 1200 

Lithium 181 1342 1000 to 1800 

Silver 962 2212 1800 to 2300 
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6.3.6 Hot fluid 

Hot washer fluid could possibly be used for quickly clearing snow and ice of the lens of the 

headlamps. It is also possible reduce the problem of dirt and clog at the end of exposed noz-

zles by using hot washer fluid. There are several companies which are currently selling heat-

ed fluid windscreen wash systems for car and trucks. The idea is to install a small unit be-

tween the windscreen washer fluid tank and the exterior spray nozzles. The unit which is 

powered by the battery heats and delivers hot wiper fluid on demand to the windscreen via 

the vehicles factory installed washer system. See Figure 16. 

The system starts to operate when the engine is switched on and battery voltage level is 

higher than 13 V. The washer fluid inside the unit's heating chamber is heated during 30 s to 

50-60 °C and is maintained at this temperature. The heating chamber stores 50-60 cc of 

washer fluid which is enough for approximately 3 s of spray. The heating chamber gets filled 

with more fluid immediately after the heated fluid within the chamber is consumed. The new 

washer fluid is heated and available within 10-20 s depending on ambient conditions. The 

driver can spray multiple times if needed, best result is achieved when the time interval be-

tween each heated spray is 20 s. The unit uses 50 A during the initial heating process and 

less than 2 A on average to maintain the fluid warm.  

There is a potential risk of breaking or damaging windscreens with stone chips or cracks by 

subjecting them to the warm fluid at subzero temperatures. This risk is dismissed entirely by 

the manufacturer, who claims that this have been tested extensively without damaging any 

windscreens. [33] 

 

Figure 16: Cross section of hot fluid unit (left) Schematics of hot fluid principle (right) [33] 
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6.3.7 Warm air 

It is common that aircrafts and wind turbines use hot air for de-icing. The hot air is produced 

by blowers located in the root of each blade or inside the hub. The air heats the rotor blades 

and keeps them free of ice. The volume inside the blade can be divided into two in order to 

create an air circuit. The system should be designed as a closed circuit for maximum effi-

ciency. It is also preferable to use waste heat from the machinery. In aircrafts bleed air from 

the engine is used for de-icing. Bleed air is compressed air taken from within the engine. The 

heated air is ducted to a cavity beneath the surface of the wings when de-icing is needed. 

[19] 
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7 Temperature measurements  

7.1 Measurement procedure 
A grid of measurement points was painted onto the tested headlamp or tail lamp. The test 

object was placed on a workbench and connected to a power supply. The test object was 

then turned on with only one or a few light functions switched on. Headlamps were tested 

with only dipped beam function and tail lamps with only taillight function switched on. The 

test object was then left switched on for a couple of hours so that the lens could warm up and 

reach equilibrium temperature before the measurement started. 

Thermocouples together with a digital data acquisition unit were used to measure the tem-

perature at each point on the lens surface as well as the ambient room temperature. All 

equipment was pre calibrated. The temperatures on the lens were measured with solely one 

thermocouple which was moved around all positions. The thermocouple was fastened during 

etch measurements with a small piece of adhesive aluminum tape. The temperature at each 

point was read when it stabilized and did not continue to increase. The ambient temperature 

was measured with another thermocouple and noted after each measurement. The tempera-

ture measurements were used to create a plot in MATLAB of the heat distribution on the 

lens. The number of measurement points forming the grid determines the resolution of the 

heat distribution plot. The measurement results are summarized in Table 4 at page 28. See 

the Appendix for all temperature measurement data. 

7.1.1 Accuracy 

It was not possible to guarantee that the thermocouple- and the predetermined measurement 

positions where exactly the same due to the use of adhesive tape. The effect of incorrectly 

positioned thermocouples possibly resulted in temperature readings being ±1 °C.  

7.1.2 Measurement uncertainties 

The ambient temperature was around 23 °C ±0.5 °C during all the measurements so it would 

have no or very little influence on the measurements.  Due to the use of adhesive tape it was 

hard to guarantee the exact position better than 5 mm. The tape itself will also work as heat 

sink lowering the temperature of the lens although the effect is regarded to be small due to 

the small pieces of tape that were used.  

7.1.3 List of tested lamps 

Scania H7 Xenon headlamp  

BMW Adaptive LED headlamp  

Volvo Halogen headlamp 

Scania LED-tail lamp 
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7.2 Result 

7.2.1 Scania H7 Xenon headlamp - temperature distribution on lens 

The highest temperature recorded was 62.1 °C at position (x,y)=(26,10). The lowest tem-

peratures were recorded close to the edge of lens away from the heat source as expected. 

The lowest temperature recorded was 25.2 °C. If the lens temperature is assumed to change 

proportionally to the ambient temperature, the lens temperature can be estimated for various 

ambient. Ice accretion starts to occur at temperatures below 0 °C so the lens temperature 

must not be below 0 °C. Most likely it’s not possible to sufficiently deice the whole lens while 

just operating with solely dipped beam due to uneven heat distribution. The measurement 

setup can be seen in Figure 17. Sufficient de-icing is estimated to be possible on the non 

lighted area down to ambient temperature of -5 °C based on Figure 18.  

 

 

Scania H7 Xenon  

Type  headlamp 

Function dipped beam 

Measurement grid 2x2cm 

Number of points 144 

Voltage 28V 

Electric current 1.4A 

Power 39.2W 

Warm up time 1.5h 

Highest temperature 62.1 °C 

(x,y)= (26, 10). 

Lowest temperature 25.2 °C. 

Figure 17: Measurement setup and data 

 

 

 

 

Figure 18: Heat distribution on Scania H7 Xenon headlamp 
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7.2.2 BMW Adaptive LED headlamp - temperature distribution on lens 

The highest temperature recorded was 47.3 °C at position (x,y)=(10,20). The lowest tem-

perature recorded was 25.5 °C close to the edges of lens. The elements of the mesh vary in 

shape due to the presentation of a curved surface as a flat surface. This headlamp have 

been proven to have a very even heat distribution, this is probably due to its dipped beam 

design and internal fan. The dipped beam function is equally distributed on the two lamps 

within the headlamp. This rather unconventional design with no separate full beam and 

dipped beam contributes to the even heat distribution in addition to stylish look. The internal 

cooling fan distributes effectively heat from the heat sink behind the LEDs to the headlamp 

lens. The measurement setup can be seen in Figure 19. Sufficient de-icing is estimated to be 

possible on lighted area down to ambient temperature of -10 °C based on Figure 20. The 

estimation should not be taken for truth but rather a qualified guess if the car is idling in cold 

windless environment.  

 

 

BMW Adaptive LED  

Type  headlamp 

Function dipped beam 

Measurement grid 2x2cm 

Number of points 201 

Voltage 12V 

Electric current 4.8A 

Power 57.6W 

Warm up time 2.5h 

Highest Temperature 47.3 °C 
(x,y)=(10,20) 

Lowest Temperature 25.5 °C  

Figure 19: Measurement setup and data 

 

 

Figure 20: Heat distribution on Scania H7 Xenon headlamp 
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7.2.3 Volvo Halogen headlamp- temperature distribution on lens 

The Volvo headlamp has a tower design with a projector dipped beam at the bottom and a 

reflector main beam at the top. This design in contrary to the Scania headlamp has the ad-

vantage of being able to indirect heat the main beam lens area with dipped beam through 

natural convection. However it consumes 72.8 W in contrary to the Scania headlamp 39.2 W. 

The highest temperature recorded was 89.7 °C at position (x,y)=(12,15). The lowest tem-

perature recorded was 23.8 °C at the lower right corner of the lens. The measurement setup 

can be seen in Figure 21. The elements of the mesh are slightly larger a consequence of 

measuring less points. The large size of the headlamp will probably make the lens areas be-

low the projector dipped beam hard to deice. See Figure 22. 

 

 

Volvo Halogen  

Type  headlamp 

Function dipped beam 

Measurement grid 3x3cm 

Number of points 77 

Voltage 28V 

Electric current 2.6A 

Power 72.8W 

Warm up time 1.5h 

Highest Temperature 89.7 °C 
(x,y)= (12, 15). 

Lowest Temperature 23.8 °C  

Figure 21: Measurement setup and data 

 

 

Figure 22: Heat distribution on Volvo Halogen headlamp 
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7.2.4 Scania LED-tail lamp - temperature distribution on lens 

The highest temperature was 25.6 °C, recorded at an illuminated part near the left edge. Af-

ter the light has been on for nearly five hours a little increase in temperature in the range of 1 

degree were registered. In total only 13 points were measured before the experiment were 

aborted. Most measurements were within the fault margin apart from the local hotspot were 

the maximum temperature was recorded. The tail lamp is not getting warm at all and de-icing 

using the heat generated by the lamp itself seems impossible. The measured temperatures 

were only a few degrees higher than the ambient temperature which was around 23 °C ±0.5 

°C, this affect the accuracy of the measurement significantly. The measurement setup can be 

seen in Figure 23. 

 

 

 

Scania LED 

Type  tail lamp 

Function tail light 

Measurement grid 2x2cm 

Number of points 70 

Voltage 28V 

Electric current 0.08A 

Power 2.24 

Warm up time 2h 

Highest Temperature 25.6 °C, 

Lowest Temperature 23.8 °C 

Figure 23: Scania LED Tail lamp and data 

 

 

7.2.5 Summary – temperature distribution on lens 

 

Table 4: Measurements summarized 

Test object Scania H7 Xenon  BMW Adaptive LED  Volvo Halogen  Scania LED 

Type  headlamp headlamp headlamp tail lamp 

Function dipped beam dipped beam dipped beam tail light 

Measurement grid 2x2cm 2x2cm 3x3cm 2x2cm 

Number of points 144 201 77 70 

Voltage 28V 12V 28V 28V 

Electric current 1.4A 4.8A 2.6A 0.08A 

Power 39.2W 57.6W 72.8W 2.24 

Warm up time 1.5h 2.5h 1.5h 2h 

Highest Temperature 62.1 °C 

(x,y)= (26, 10). 

47.3 °C 

(x,y)=(10,20) 

89.7 °C 

(x,y)= (12, 15) 

25.6 °C 

Lowest Temperature 25.2 °C. 25.5 °C  23.8 °C  23.8 °C 

De-icing Possible Possible Possible Not Possible 
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8 De-icing measurements 

This is a much more efficient and less time consuming way of assessing de-icing ability than 

temperature measurements. The measurement was performed according to the proposed 

test method Test method --Headlamp and Tail lamp defrosting system provided in the ap-

pendix and briefly described here. The test method is based on three standards on adjacent 

area of technology [34], [35], [36]. 

8.1 Test  
The idea was to test the de-icing ability of a certain lamp at a specific temperature. This was 

done by first applying a thin layer of frost on the lamp through a delicate process involving 

freezing followed by condensation. The lamp outer lens surface is prior to the freezing pro-

cess thoroughly cleaned by mentholated spirit and wiped dry by a paper towel. The frost lay-

er was created by first freezing the lamp to a temperature of -40 °C followed by a time period 

in a climate chamber at 20 °C and 80 % humidity. The time period in the climate chamber 

was 45 s for plastic lenses and 90 s for glass lenses. The process was repeated once. The 

created frost layer has a thickness of approximately 1-2 mm.   

The frosted lamp is then stored in a freezer at -40 °C for at least 2 hours while the test is 

prepared. The climate chamber is set to the specific temperature for the measurement. The 

climate chamber can be seen in Figure 24.The power unit which supplies the lamp under test 

with electricity is set up.  

 

 

Figure 24: Climate chamber  
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The lamp is taken out of the freezer, placed in the climate chamber and connected to the 

switched off power unit. The lamp is positioned so that the lamp is facing the door of the cli-

mate chamber. A camera is fitted on a tripod and positioned so that it can take sharp images 

of the lamp when the door of the climate chamber is opened a little. When this is done, take 

a picture of the lamp from this position. The test can start when all preparations are made 

and the climate chamber has reached the specified test temperature. There are three tem-

perature ranges to choose between, which are listed below. 

A)   -8 °C ±2 °C Restricted temperature range. 

B) -18 °C ±3 °C Full temperature range 

X) -28 °C ±3 °C Extreme temperature range 

 

The power unit is switch on. The lamp under test is set to operate with only dipped beam 

(headlamp) or only tail light function (tail lamp). Immediately after the power is switch on the 

test starts. A picture should be taken every 5 min during the test which last for at least 60 min 

unless the lamp is already cleared of ice before this time. The de-icing process is finished 

when 80 % of the illuminated lens surface is cleared from  ice. The size of the ice layer on 

the lens is determined by visual inspection. The test method is given in its whole in the ap-

pendix as a test manual which is easy to follow. 

8.1.1 Accuracy 

The ice layer is very even but the layer thickness is not measured. The ice layer could possi-

bly be measured with a coating thickness gauge. There are both mechanical ones and ones 

which uses ultra sound. The de-icing ability is determined by visual inspection of the ice layer 

on the lens. The accuracy of the test would increase if the size of the ice layer on the lens 

was calculated more accurately. 

8.1.2 Measurement uncertainties 

The opening of the door cause the temperature to rise slightly however the effect is regarded 

to be small due to the very effective climate chamber and the short opening time.   

8.1.3 List of tested lamps 

Scania H7 Xenon headlamp 

Scania H7 Halogen headlamp 

BMW Adaptive LED headlamp 
Volvo Halogen headlamp 
Scania tail lamp headlamp 

Scania LED-tail lamp 

Heated lens tail lamp 
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8.2 Results 
The result for each tested lamp is presented as a set of photos from which the de-icing ability 

can be estimated by visual inspection. Figure 25 below is an example of what these sets of 

photos looks like. This chapter only give the test result in text. See the Summary of tempera-

ture and de-icing measurements in the Appendix. The photosets are given in the Appendix 

under De-icing measurement data. The de-icing ability was considered to be sufficient if the 

de-icing process was completed within 30 min from start. 

 

0 min 5 min  

  
10 min 15 min 

  
20 min 25 min 

  
Figure 25: Scania Xenon Headlamp -8 °C 

 
The lamps can be classified by their ability to de-ice by the classification chart below. See 

Table 5. The first letter tells which temperature range the lamp has completed the criteria for 

pass or fail. The second letter tells the de-icing time. 

Table 5: Classification chart 

Temp 5 min 10 min 20 min 30 min 

-8 °C. AA AB AC AD 

-18 °C. BA BB BC BD 

-28 °C. XA XB XC XD 
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8.2.1 Scania H7 Xenon headlamp-de-icing ability 

This is currently Scania’s high-end option of headlamp in terms of light and design. The 

headlamp is equipped with a clear glass lens. The headlamps de-icing ability have been 

tested at three different temperatures. These temperatures were -8 °C -18 °C and -28 °C. It 

was found that the created frost layer on the headlamp lens was difficult to melt. The purpose 

of the test was to find out if the headlamp was able to deice the illuminated area using only 

the dipped beam function. The tests showed that this was possible although it takes some 

time. The headlamp needs 25 min to deice at -8 °C. The time needed for de-icing increase 

as the temperature get colder. The time needed for de-icing is 35 min at -18 °C and 80 min at 

-28 °C. The de-icing time is limited by the time it takes for the lamp to heat up. De-icing 

based on heat radiation is practically only effective on the area which is subjected to the heat 

radiation. De-icing of other areas is possible but only after extended periods of time. The 

reason is that natural convection and conduction within the lens still occurs even though the 

main heat transfer to the lens comes from heat radiation. The measurements showed that 

previous forecasts which indicated that de-icing only was possible down to temperatures of   

-5 °C were wrong. The headlamp when de-icing was completed can be seen in Figure 26. 

 

Figure 26: Scania Xenon Headlamp 

8.2.2 Scania H7 Halogen headlamp-de-icing ability 

The headlamp design is very similar to the xenon headlamp. The biggest difference is the 

reflector which is different mainly because the lamp uses a halogen light source. Halogen 

light sources radiate a lot of heat but also consume more energy. There are several different 

headlamps available but halogen headlamps are still the choice for most for Scania custom-

ers. The halogen headlamp de-icing ability was tested solely at the temperature of 

-18 °C. The time needed for de-icing is 20 min at -18 °C which must be considered as very 

good. The difference in de-icing ability compared to the Xenon lamp is a whole 15 min. Both 

the lamps housing and lenses are identical and made of same materials. The reflectors are 

different in design but similar in shape and material. The difference in result must be due to 

halogen light source getting warmer and radiating more heat. 

8.2.3 BMW Adaptive LED headlamp-de-icing ability 

This car headlamp which employs high-power LEDs is the most modern of the tested head-

lamps. The materials of the housing and reflector are similar to the ones used in the tested 

Scania headlamps but the lens is made of plastic. Heat management is extra important when 

dealing with LEDs due to their sensitivity to overheating. BMW have solved this issue by 

massive heat sinks and installing a small fan inside the headlamp to provide for better cool-

ing and heating of the lens. The headlamp was tested at two temperatures -8 °C and -18 °C.  

Additionally the headlamp was tested at -18 °C with the fan disabled in order to see how 

much it affected the de-icing ability. The de-icing ability of the headlamp was found to be very 
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poor. The time needed for de-icing is 50 min at -8 °C and 65 min at -18 °C. The time required 

for de-icing increased by 5 min with the fan disabled. This means that the fan doesn’t affect 

the de-icing ability significantly. The fan can however still be useful for transporting excessive 

heat from the sensitive LEDs. The fan could possibly be more effective for reducing the time 

needed for defogging. The headlamp when de-icing was completed can be seen in Figure 

27. 

 

Figure 27 BMW Adaptive LED headlamp 

 

8.2.4 Volvo Halogen headlamp-de-icing ability 

It’s useful to keep an eye on what competitors do in order to stay on top. This headlamp is 

from Volvo trucks, i.e. one of Scania’s main competitors. Scania and Volvo are both regarded 

to be premium brands. The companies have chosen completely different design on the head-

lamps. Scania's headlamps are compact in design and use solely reflectors to distribute the 

light. Volvo's headlamps are less compact and of tower design. They use both reflectors and 

projection technology in their headlamps. Scania uses lenses made of glass while Volvo use 

lenses made of plastic. The Volvo headlamp was tested at two temperatures -8 °C and  

-18 °C. The de-icing ability of the headlamp was found to be in line with the Scania Xenon 

headlamp. The time needed for de-icing is 25 min at -8 °C and 35 min at -18 °C. The Volvo 

headlamp consumes a lot more energy, in fact as much as the Scania halogen headlamp 

does. This means that these two headlamps should be compared instead. The Scania halo-

gen headlamp needs 15 min less time compared to the Volvo headlamp to deice the illumi-

nated area at -18 °C. The Volvo headlamp is of tower design, meaning the dipped beam and 

the main beam is stacked on top instead of beside. This has the advantage that the main 

beam area can be deiced by natural convection while using the dipped beam. The headlamp 

when de-icing was completed can be seen in Figure 28. 

 

Figure 28 Volvo Halogen headlamp 
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8.2.5 Heated lens-de-icing ability 

One of most common solutions for de-icing of airfoils and windscreens is to use electrical 

wires for heating them. The tested heated lens is made by Japanese lamp manufacturer 

ICHIKOH. The lens is made of plastic and is intended to be used together with tail lamps of 

American truck model. The heated lens was tested at two temperatures -8 °C and -18 °C. 

The de-icing ability of the lens was found to be very good. The time needed for de-icing was 

10 min at -8 °C and 20 min -18 °C. De-icing ability is as good as the Scania halogen head-

lamp despite the heated lens only consumes a fraction as much energy as the headlamp. 

8.2.6 Scania tail lamps-de-icing ability 

Two different Scania tail lamps were tested, the standard model and the newly developed 

LED model. They were both tested at the temperature -18 °C. The LED model was not able 

to deice at all due to insufficient heating of the lens. The performance of the standard model 

was a lot better; de-icing was finished in only 15 min. During the test it was noted that there 

were a substantial difference in ice adhesion between the two models. Frost formed a lot 

easier on the LED model than the standard model. This was surprising because the two 

lamps were made of similar material and had approximately the same dimensions. The dif-

ference could be due to different choices of surface coating. This should be Investigated. 

Perhaps the LED-tail lamp has been covered with an ice phobic coating? Ice phobic coatings 

have been found to be unsuitable to use in a humid environment where they tend to increase 

ice adhesion rather than prevent it. The frost layer was created according to the test method 

by subjecting the cold lamp to a very humidity environment. A potential flaw in test method 

was found during the test. The frost layer is very hard to see on colored lenses when they 

are illuminated. The proposed solution is to turn the lamp off for a short moment while taking 

the picture. Temperature measurements can in some cases be an easier way to determine if 

de-icing is likely to be possible or not. Temperature measurements can be made with either 

thermocouples or a thermal camera.  
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8.2.7 Modified Scania H7 Xenon headlamp-de-icing ability 

A Scania H7 Xenon headlamp was fitted with two sinter-heat pipes inside and a small axial 

fan in an attempt to improve its de-icing ability. The lengths of the two heat pipes were 20 cm 

and 30 cm, both with diameter of 6 mm. The reason that sintered-heat pipes were used was 

because these are able to work as a heat transfer device against gravity which standard heat 

pipes cannot. The heat pipes was fitted in order to transfer the heat created on the backside 

of the lamp towards the bottom of the lens. The modified headlamp with the heat pipes visi-

ble below the reflector can be seen in Figure 29. 

 

 

Figure 29: Modified Headlamp: Heat pipes are marked out 

 

The process of modifying the headlamp consisted of several steps: The first step was to 

identify the parts on the backside of the lamp with the highest temperatures when operation 

with dipped beam. It was found that the bottom of the xenon light source and the heat sink 

generated the most amount of heat. The heat pipes should be mounted on some of the hot 

parts. The second step was to make a thermal coupling element to be fastened on the heat 

source by clamping or screwing. The thermal coupling element was a piece of aluminum with 

drilled holes for the heat pipes to be fitted in. The created aluminum piece had two drilled 

holes for the heat pipes and the following dimension (11x37x50) mm. 

The third step was to bend the straight heat pipes so that they fit into the headlamp and also 

to direct them so that the heat is transferred where it is appropriate. The forth step was fit the 

heat pipes into the drilled holes on thermal coupling element. The coupling element is 

clamped between the xenon light source and an aluminum piece fitted on the heat sink, 

when the service hatch is closed. See Figure 30. The fan operates on 12 V and is mounted 

on top of the thermal coupling element so that it blows the air toward the lens. See Figure 31.  
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Figure 30 Modified Headlamp backside with service hatch 

 

Figure 31 Modified Headlamp backside 

 

The modified headlamp was tested twice at temperature -18 °C. The headlamp was operat-

ing with dipped beam during the tests. The first test was to see if the heat pipes alone could 

improve the de-icing ability. I was unfortunately not able to find heat pipes with a suitable 

working fluid so they had no effect on the de-icing ability. Heat pipes could prove to be effec-

tive in some headlamps but they are limited by the amount of available heat and how fast it is 

created. Heat pipes cannot generate heat they can only transfer heat which is already creat-

ed. 

The second test was to see if the heat pipes together with the fan could improve the de-icing 

ability. It was in fact the fan that was tested since the heat pipes couldn't affect the de-icing 

ability. It was found that the time needed for de-icing was reduced by 5 min when using the 

fan compared to without. This is interesting since the same difference in de-icing time was 

noted when testing the BMW headlamp with and without fan. Mounting a fan appears to be a 

simple and energy efficient way to improve the de-icing ability. It is probably possible to get 

more out of the created air stream if the fan is placed at the optimal position. The optimum 

position of the fan can be found by using CFD. Fans only transfer heat which is already cre-

ated why their effectiveness is dependent on the available heat source.  
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9 Washer fluid measurements  

The idea was to test if it was possible to use hot washer fluid for de-icing of a headlamp lens 

in an environment of -18 °C ±3 °C. In order to test this, a hot washer fluid unit was fitted on to 

a Scania headlamp washer system. The hot washer fluid unit is a device which heats a small 

amount of washer fluid. The unit is designed for cars and marketed by Heatshot Sweden AB. 

The complete washer fluid system was built separated from the truck on a fixture in order to 

simplify the installation and testing of the hot fluid solution. Measurement setup is shown in 

Figure 32. There were only a few climate chambers where the test could be conducted due 

to safety regulations regarding dealing with flammable liquids. The suitable chambers were 

not always available so not all tests have been conducted in a climate chambers which was 

the original intention. The first test was conducted outside the Scania R&D facility in 

Södertälje the 25th January 2013. The ambient temperature was around -14 °C during the 

test. The later tests were performed in a climatic chamber set to the temperature -18 °C ±3 

°C.  

 

Figure 32 Measurement setup 

9.1 Measurement procedure 
First the modified headlamp washer system was assembled and fitted to a trolley. The wash-

er pump was connected to a power unit which supplied 28 V. The washer pump consumes 

about 9 A when its operating. The Heatshot unit consumes a maximum of 40 A at start up 

and then 15 A during operation. The pump delivers the washer fluid to telescopic spray noz-

zles which sprays the headlamps with washer fluid as the pressure reaches 5 bar. 

Between the pump and the spray nozzles were two hot fluid units fitted one for each spray 

nozzle. To simplify the test only one of the two spray nozzles were fitted to spray on a head-

lamp while the other simply sprays in a bucket. Only the hot fluid unit which supply to the 

spray nozzle mounted on the headlamp was operational. The unit was connected to 13.5 V 

and consumed 40 A during 30 s at start up and then 15 A during operation. Second the 

washer system was tested prior to the installation of the headlamp. The complete system 

with pipe length is shown in Figure 33.   
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Third the headlamp was taken from the freezer to the test site to be installed. The headlamp 

fitted in the test fixture had an even frost layer, created according to the test method, briefly 

described in chapter 8. Finally when the hot fluid unit had heated up the fluid and was ready 

to be used, the test could start. Photo of the headlamp was taken prior and after the test. 

 

Figure 33 Complete system Length are in [cm] 

9.2 Result 

9.2.1 First test 

The first test indicated that the modified washer fluid system is able to completely deice the 

headlamp in just 30 s which is extremely fast. See Figure 34. In comparison the time for de-

icing the same headlamp using the self generated heat took 25 min longer at -8 °C and 35 

min longer at -18 °C. The spray time was about 5-6 s. The unit's control seemed very rough 

and jerky varying between 40 A and 15 A on and off. The check valves which were installed 

according to the installation instructions caused the telescopic nozzle to not go back properly 

and must be removed. The temperature at the test site was assumed to be the same as 

temperature in Södertälje provided by SMHI. This accuracy was sufficient enough to see if 

the hot liquid solution could work or not. There were some measurement uncertainties: It was 

not clear whether it was the heated washer fluid or the high pressure spray clearing the frost 

layer on the headlamp. The temperature of the washer fluid was higher than the ambient air 

since the washer fluid had been stored in room temperature prior to the test. The tempera-

ture affects the viscosity of the washer fluid and this could affect the de-icing. It was found 

that more tests were needed. 

 

Figure 34 Headlamp prior and after hot washer fluid have been sprayed. 
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9.2.2  Test-cold washer fluid 

The test was conducted in a climatic chamber set to the temperature -18 °C ±3 °C. The tar-

get of the second test was to investigate whether it is the heated washer fluid or the high 

pressure spray clearing the ice. In order to find out this a test was conducted using cold 

washer fluid instead of hot and with the washer fluid unit disabled. All hose transitions were 

checked, tightened and fitted with hose clamps prior to the second test. The installed check 

valves were removed so that the telescopic nozzles were able to close properly. The removal 

of the check valves led to an increase in fluid pressure. The filled washer fluid tank was 

stored along with test fixture in the cold climate chamber for at least 1.5 hour. The test pro-

cedure was the same as for the first test. 

The spray time was 6 s and the interval between each spray was 24 s. The spray nozzle 

consumes around 2 cl per s. The total amount of washer fluid used for all the sprays were 

around 36 cl. Photos of the headlamp was taken prior the test, after the three sprays and 

after 5 min. The test was conducted twice with the same result. It was found that complete 

de-icing was not possible when using unheated cold washer fluid. The cold washer fluid cre-

ates a viscous ice slush which tends to stay on the lens. It was however possible to clear a 

lot of ice but it requires large amount of washer fluid. See Figure 35. The test shows the sig-

nificance of using heated washer fluid instead of cold. 

 

 
Figure 35 Cold washer fluid de-icing, 3 spray 6 s 

 

9.2.3 Test- hot washer fluid 

The third test was aimed to test if it is possible to use hot washer fluid for de-icing of a head-

lamp lens in an environment of -18 °C ±3 °C. The first test indicated that this could be possi-

ble, but the accuracy was too low to be certain. This time the test was conducted in a climatic 

chamber set to the specified temperature for greater accuracy. The washer fluid system and 

test fixture were the same as the first test but with the adjustment made from the second test. 

The fluid pressure is higher in the adjusted system due to the removal of the check valves. 

The filled washer fluid tank was stored along with test fixture in the cold climate chamber for 

at least 1.5 hour prior to the test. The test procedure was the same as for the first test. The 

spray time was 6 s and the interval between each spray was 24 s. The third test showed that 

it was possible to completely deice the headlamp using hot washer fluid in the specified envi-

ronment. The headlamp was completely deiced after only one spray. The total amount of 

washer fluid used was 12 cl (6 cl heated). 
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9.2.4 Test- less washer fluid 

It is important to not use more washer fluid than necessary for the de-icing process. The rea-

son for this is simple the truck can only carry a limited amount of washer fluid. It was found 

that it takes 2 s for the heated washer fluid to reach the spray nozzle since the Heatshot unit 

is placed 100 cm upstream. This implies that the spray nozzle deliver cold washer fluid dur-

ing the first 2 s of a spray. The heated washer fluid lasted for approximately 3 s of spray.  

In order to use as little washer fluid as possible but still use all heated washer fluid the spray 

time should be 5 s. The test was conducted once again. This time the spray time was 5 s and 

the interval between each spray was 25 s. It was still possible to obtain complete de-icing of 

the headlamp. The headlamp was completely de-iced after only one spray. See Figure 36. 

The total amount of washer fluid used was 10 cl (6 cl heated). 

 
Figure 36: Hot washer fluid de-icing, 1spray 5s 

The test was conducted once again. This time the spray time was 3 s and the interval be-

tween each spray was 22 s. The aim was to see if de-icing of the headlamp still was possi-

ble. The maximum amount of sprays to be used is three. The 3 s spray time results in 3 

completely different mixtures of hot and cold washer fluid at each spray (1st 2 cold +1 hot, 

2nd 2 hot 1 cold, 3rd 1 cold 2 hot). It was found that de-icing was still possible but all three 

sprays were required. The total amount of washer fluid used was 18 cl (6 cl heated). 

9.2.5 Conclusions  

Hot washer fluid is in principle a working and very effective solution. The units power con-

sumption however was very high, 500-700 W during its first stage and then 200 W. The unit 

would probably be tuned down and still be sufficiently effective. A de-icing time of 10 min is 

estimated to be sufficient based on customer demands. The total energy consumption for the 

de-icing process is however very low. The hot fluid solution is interesting and need to be fur-

ther investigated. The units power consumption for different stages can be seen in Table 6. 

Table 6: Hot fluid deicing power consumption 

Device  Voltage Current Power 

Washer pump  during spray 28 V 9 A 252 W 

Heatshot unit startup  30s 13.5 V 40-50 A 540W-675 W 

Heatshot unit  maintenance mode (peak value) 13.5 V 15 A 203 W 

Heatshot unit maintenance mode (average/ hour) 13.5 V 2 A 27 W 
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10 Problem evaluation 

10.1 Test driver survey 
The survey has been answered by 12 test driver working at YDVL Vehicle Validation at 

Scania Södertälje. All test drivers participated in the survey. The idea was to take part of their 

experiences and thoughts on de-icing and driving in winter conditions. The survey consisted 

of 10 questions and an additional field for comments. All the questions are given below fol-

lowed with a pie diagram displaying the results. In addition to this are correlations between 

some questions displayed in tables. The study is summarized and commented at the end of 

the chapter. The survey form are available in the appendix. 

  

The first three questions looked into the drivers’ habits and attitude towards scraping ice off 

headlamps and tail lamps. The questions are given below and the answers are presented in 

Figure 37. 

1. I scrape ice off and brush snow off the truck's headlamps before I drive off with the truck when 

it's winter conditions. Alternatives are given in Figure 37. 

 

2. I scrape ice off and brush snow off the truck's tail lamps before I drive off with the truck when 

it's winter conditions. Alternatives are given in Figure 37. 

 

3. How do you feel about scraping ice off and brushing snow off the lamps before you drive off 

with the truck? Please mark in the scale 1-5 how much this is bothering you. (1=It doesn’t 

bother me 5=It does bother me) 

   
Figure 37: Answers questions 1-3  

 

Question 4 was about driver habits regarding truck idling. The question number 5 looked into 

whether the test drivers considered ice and snow accumulation on lamps to be a problem or 

not. The questions are given below and the answers are presented in Figure 38. 

 
4. For how long do you leave the truck idling before takeoff? 

a) 0-5 min   b) 5-10 min   c) 15-20 min   d) 20 min or more      

 

5. Do you consider ice formation and snow accumulation on lamps to be a problem present to-

day?  

17% 

33% 33% 

17% 

Question 1 

Always Most times 

Sometimes Never 

17% 

25% 

25% 

33% 

Question 2 

Always Most times 

Sometimes Never 

8% 

42% 33% 

17% 

Question 3 

1 2 3 4 
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Figure 38: Answers questions 4-5 

The questions number 6 and 7 all looked into when formation of snow and ice on headlamps 

and tail lamps is most likely to occur. The questions are given below and the answers are 

presented in Figure 39. 

 

6. Formation of ice and snow on the headlamps is most likely to occur when…?  

(One or more alternatives were possible, which are given in Figure 39.) 

 

7. Formation of ice and snow on the tail lamps is most likely to occur when…? 

(One or more alternatives were possible, which are given in Figure 39.) 

 

 

Figure 39: Answers questions 6-7  

 

The questions number 8 and 9 all looked into whether the test drivers considered ice and 

snow accumulation on lamps to be a problem or not. Question 10 is about drivers’ ac-

ceptance and demands regarding de-icing time. The questions are given below and the an-

swers are presented in Figure 40. 

 

83% 

17% 

Question 4 

0-5min 5-10min 

25% 

75% 

Question 5 

Yes No 
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10 

12 

Headlamps Tail lamps 

When driving the truck in snow and slush 

When driving the truck in winter conditions in 
combination with melt water runoff  

When the truck is parked outside subjected to 
the environment 

When the truck is parked outside in combination 
with melt water runoff 
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8. Do you believe today that there is a need to improve the headlamps ability to melt ice? 

 

9. Do you believe today that there is a need to improve the tail lamps ability to melt ice? 

 

10. During cold winter weather a layers of frost can occur on headlamps which will obstruct the 

light. The frost layer disappears after a certain amount of time after the truck starts running if 

not mechanically removed. What is the acceptable limit for that time? 

a) 10 min   b)  20 min   c)  30 min   d) 60 min 

 

   
Figure 40: Answers questions 8-10 

 

10.1.1 Correlations between some questions 

The answer of each test driver can be seen below in Table 7. Notice that each row show the answers given by a 
specific test driver nr 1-12.  In order to make the date easier to analyze, the following simplification are made: 
Scraping= (Always & Most times) Not scraping= (Sometimes & Never) 
 

 
Table 7: Answers question 1-3, 5 and 8-9. 

 
Person 
number 

Q1 
Headlamp 
Scraping 

Q8 
Headlamps 
Improve 

Q2 
Tail lamps 
Scraping 

Q9 
Tail lamps 
Improve 

Q3 
Scraping 
Irritation 1-5 

Q5 
Ice 
Problem 

1 Most times N Sometimes Y 3 N 

2 Most times N Most times Y 2 N 

3 Most times N Never N 1 N 

4 Most times Y Most times Y 3 N 

5 Sometimes Y Sometimes Y 2 Y 

6 Never Y Never Y 2 Y 

7 Sometimes Y Never Y 4 N 

8 Sometimes N Most times Y 3 Y 

9 Never Y Never Y 2 N 

10 Always N Always Y 4 N 

11 Always Y Always Y 3 N 

12 Sometimes N Sometimes N 2 N 

 
  

50% 50% 

Question 8 

Yes No 

83% 

17% 

Question 9 

Yes No 

Question 10 

10min 
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In each of the Tables 8-11 given below, the following is true. The 1st column tell the specific combination of 
answer. The 2nd column tell  the number of driver answered this. The 3rd column tell the writer's conclusion. 

 

Table 8: Correlations between headlamp scraping and demand for headlamp improvement Q1/Q8 

Combination of answer Nr Conclusion 

Scraping & Improve 2 High demands /do care 

Scraping & Don’t improve 4 No need for improvement due to scraping 

Not scraping & Don’t improve 2 Low demands /doesn’t care 

Not scraping & Improve 4 Improvement need due to lack of scraping 
 

Table 9: Correlations between tail lamp scraping and demand for tail lamp improvement Q2/Q9 

Combination of answer Nr Conclusion 

Scraping & Improve 5 High demands /do care 

Scraping & Don’t improve 0  

Not scraping & Don’t improve 2 Low demands /doesn’t care 

Not scraping & Improve 5 Improvement need due to lack of scraping 
 

Table 10: Correlations between headlamp scraping and if you consider ice to be a problem Q1/Q5 

Combination of answer Nr Conclusion 

Scraping & problem  0  

Scraping & no problem 6 No need for improvement due to scraping 

Not scraping &no  problem 3 Low demands /doesn’t care 

Not scraping & problem 3 Problem due to lack of scraping 
 

Table 11: Correlations between tail lamp scraping and if you consider ice to be a problem Q2/Q5 

Combination of answer Nr Conclusion 

Scraping & problem  1 High demands /do care 

Scraping & no problem 4 No need for improvement due to scraping 

Not scraping & no problem 5 Low demands /doesn’t care 

Not scraping & problem 2 Problem due to lack of scraping 

 

10.1.2 Summary  

It is clear that most of the test drivers don’t mind to scrape off snow and ice from lamps as 

77 % answered 1 or 2 on question 3. Based on the test drivers’ positive attitude towards 

scraping off snow and ice from lamps, it comes as a surprise that they didn't scrape the 

headlamps and tail lamps on their trucks more often. Only 17 % of the test drivers answered 

that they always scrape off snow and ice from their headlamps and tail lamps. Most remark-

able was that 17 % respective 33 % stated that they never scrape of snow and ice from their 

headlamps and tail lamps.  

The test drivers did not consider snow and ice on lamps to be a problem but found that the 

headlamps and particularly the tail lamps needs to be improved when it comes to de-icing. 

Formation of ice and snow on headlamps and tail lamps is most likely to occur when driving 

the truck in snow and slush.  The acceptable time limit for de-icing according to the test driv-

ers was 10 min. The survey revealed a correlation between insufficient scraping of truck 

lamps and demands for improved lamps.  
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The survey result indicates that there is no need to improve the de-icing ability of the current 

designs if drivers scrape their headlamps and tail lamps when needed. Insufficient de-icing 

on tail lamps is however a problem which cannot be explained by lack of scraping. There 

was a field for comments on the survey, which, however, only one person chose to exploit. 

The first comment was that it would have been better if the questions were in Swedish since 

most of the respondents were Swedes. The other comment was that the result would be 

more conclusive and made it easier to answer if I had specified the types of headlamps and 

tail lamps the questionnaires was about. The comments do make sense, although the pur-

pose of the survey was not to investigate particular models but more headlamps and tail 

lamps in general.  
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11 Discussion 

The introduction of cold light sources such LED in the automotive industry have led to prob-

lems regarding de-fogging and de-icing of headlamps and tail lamps due to the loss of ex-

cessive heat.[21] De-icing of automotive lamps has never really been an issue until now.  

LED-technology has a lot to offer such as low energy consumption, long life, high efficiency 

and perhaps the most important great design possibilities.[2] It is however not unusual that 

by introducing one technology in order to solve one problem a new one is created. It’s clear 

that the de-icing properties of LED headlamps and tail lamps must be improved significantly 

in order to be in line with conventional lamps. There are very few methods’ addressing the 

particular problem to de-ice headlamps and tail lamps since this has not been a problem be-

fore the introduction of LED. If a solution is to be found one must go beyond what is conven-

tional and instead look into what could be possible.  

The aerospace industry has since its beginning tried to solve the problem of ice accretion on 

the wings during flight which have generated several methods.[12],[13] In recent year’s great 

progress have been made in developing durable ice-phobic and super hydrophobic coatings 

which have proved to be very effective in certain conditions.[16],[18] Many methods are 

however less suitable or difficult to implement on vehicle headlamps. Conventional electrical-

thermal heating is an exception. It has been used on windscreens for decades and can be 

very effective.[24] Transparent conductive coatings can be used instead of wires in order to 

make glass surfaces without visible wires damaging appearance. The method which is to be 

used depends on customer demands, field of application and operating temperatures.  

Methods which operate with low constant energy consumption are more suitable for anti icing 

purposes where fast de-icing isn’t needed. If instead fast de-icing is needed, methods which 

implies a large amount of energy during a short period of time have proven to be more effec-

tive. Hot washer fluid which was investigated in this thesis is a perfect example of this. The 

reason that this method is so effective is because it combines both mechanical de-icing from 

the high pressure spray nozzle and thermal de-icing by the warm washer fluid. The total 

amount of energy consumed for de-icing headlamps with this method is low. The disad-

vantages by using this method are increased washer fluid consumption and high electrical 

spikes during operation. The use of fans and heat pipes can prove useful in headlamps and 

tail lamps but they are only ways to transfer heat and are dependent on the amount of heat 

available. They are not likely to be used as an independent solution. 

In order to compare different headlamps, tail lamps and de-icing methods a test method was 

developed. The developed test method has some great advantages. No knowledge of air-

flows within the lamp is needed to get an accurate result which is the case with CFD simula-

tions. The result generated by the method is easy to interpret as it displays the de-icing pro-

cess on the lens surface rather than temperatures on different components. The method is a 

fast way to investigate lamps where drawings and details regarding design are missing. One 

could argue that the method is inaccurate because the thickness of the ice layer isn’t meas-

ured. There are however, instruments which could be used to measure the ice layer thick-

ness but such weren’t available during the work. The ice layers which were created on a par-

ticular lamp had approximately the same thickness each time and were evenly spread on the 

entire lens surface. It has been found that it’s easier to create a ice layer on glass lenses 
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compared to plastic lenses. The reason for this is believed to be differences in thermal con-

ductivity. This implies that comparison between plastic lenses and glass lenses are less ac-

curate than comparisons between two lamps with the same lens material.  

The driver survey gave an insight in whether de-icing is needed or not. The drivers didn’t 

consider ice formation on lamps to be a problem but were certain that the tail lamps de-icing 

ability needs to be improved. The drivers were uncertain whether the headlamps needs to be 

improved or not but all stated that de-icing must not take more than 10 min. According to the 

measurement this is not possible which might indicate that improvement is needed. There 

are no complaints regarding de-icing of the Scania lamps available for customer according to 

the sales and marketing department. The Scania LED tail lamp was available for the test 

drivers but not for customers yet. The survey revealed a correlation between insufficient 

scraping of truck lamps and demands for improved lamps. The drivers who didn't care to 

scrape the lamps on the truck were in most cases the ones who wanted lamps with improved 

de-icing. In most cases the opposite was also true. This was not true for tail lamps where all 

of the drivers which where scraping them wanted improvement.  

The current Scania headlamps don’t need improved de-icing but could possibly be improved 

if there is a customer demand for it. The survey indicates that many drivers are lazy and 

don’t want to scrape their lamps they could be potential buyers of headlamps with improved 

de-icing. Both the survey and observations indicate that the tail lamps must be improved. 

Most of the test driver in the survey are using conventional tail lamps which means that the 

problem will increase when the LED-tail lamps are introduced. 
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12 Conclusions 

Improvement of tail lamps de-icing ability should be the number one priority. Headlamps can 

also be improved but there is no imminent need. Problems with insufficient de-icing on head-

lamps and tail lamps can potentially be a problem in all areas subjected to cold winter cli-

mate. Most of the areas which have seasonal winter climate with temperature of -8 °C  or 

less can be found in the northern hemisphere. The countries where de-icing might be needed 

include Sweden, Finland, Norway, Iceland, Canada, Denmark, Poland, Russia, Ukraine, Bel-

arus, USA among others.  

Tail lamps should be fitted with electrical heating in order to improve the de-icing ability. They 

should be positioned so that snow and ice doesn’t stack on top of them according to good 

anti- icing design principles. The de-icing time of tail lamps should be less than 10 min. Truck 

drivers needs to be better in scraping their headlamps and tail lamps. 

The time needed for de-icing Scania’s H7 headlamps is 20 min for halogen version and 35 

min for xenon version at -18 °C. This should be compared to the BMW LED headlamp which 

needs 65 min to complete de-icing. If Scania in the future decides to make a LED version of 

their headlamp they should keep this comparison in mind. LED-headlamps must have a de-

icing system in order to be in line with halogen or xenon headlamps. LED-headlamps are 

probably limited to a de-icing time of around 60 min unless extra heating of the lens is ap-

plied. 

The fastest method for de-icing headlamps is to use hot washer fluid. Electro thermal de-

icing can also be very effective. There are many other methods especially involving coatings 

that are good in theory but most of them are still on the concept or development stage. The 

heat available should be used as effective as possible using either heat pipes or fans. 

The proposed test method is an easy and effective way to compare and evaluate different 

headlamps and tail lamps without knowing airflows and light sources. The creation of the ice 

layer is what is unique with this method. The ice layer which is created is extremely even and 

easy to evaluate. 
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13 Recommendations and Future work 

The thesis provides Scania with a test method which is ready to use instantly but there are 

some improvements that could possibly be made to the test method. It is recommended that 

the thickness of the created ice layer is measured. There are instruments which are suitable 

for this that can be acquired. The possibility to use a remote controlled camera placed inside 

the climate chamber could possibly be worth investigating. It’s recommended that Scania 

continues the work by evaluating more headlamps in order to keep track on how good their 

competitors are.  

In recent year’s great progress have been made in developing super hydrophobic and ice 

phobic coatings something which could significantly reduce the need for de-icing.[16],[18] It’s 

suggested to monitor the progress in this field closely. Electrically conductive coatings could 

be a very useful technology for de-icing lamps so, keeping up to date with the development 

in this area is recommended.[25],[26] It could possibly be an idea to inform truck drivers of 

the importance of scraping headlamp and tail lamps since the survey indicated that many 

drivers didn’t do this. 

The survey indicated that the tail lamps need to be improved. It's recommended to perform a 

market research to verify the survey results since only the answers of 12 drivers were includ-

ed in the survey. Actions can then be taken based on what the costumers want and are will-

ing to pay for. It is strongly recommended to improve the tail lamps de-icing ability. The pro-

posed solution is to develop a heated lens able to fit on their current designs. This lens could 

be sold to customers as an upgrade or be fitted on all trucks in order to give premium value. 

Hot washer fluid is very effective for de-icing headlamps especially when it's used in combi-

nation with a high pressure spray nozzle. The disadvantages by using this method are in-

creased washer fluid consumption and high electrical spikes during operation. The Heatshot 

units which have been tested are good but need some improvement and adaptation. Hot 

washer fluid is recommended to be used for de icing of the headlamps if this is of interest. 

The hot washer fluid units could possibly be sold to customers as a Scania upgrade kit. 
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Appendix 

TEST METHOD -- HEADLAMP AND TAIL LAMP DEFROSTING SYSTEM 
The test method is intended to apply to different types of automotive headlamps and tail lamps.  

 

Background 

Problems with insufficient de-icing on headlamps and tail lamps can potentially be a problem for 

trucks operating in areas where they are subjected to cold winter climate. Layers of ice and snow 

can completely cover the lens and result in loss of light. The problem is more prominent for cold light 

sources such as LED that produce very little excess heat. 

 

Normative references 

There are no specific standard regarding de-icing or defogging lamps available at the moment. The 

test method for testing de-icing of headlamps and tail lamps is based on three standards on adja-

cent area of technology. The recording method and the testing temperatures, except for lowest, do 

all originate from these standards. The formation of the ice layer is what is unique. 

 

The standards are following:  

 

ISO 5898-1997  Passenger cars -- Rear-window defrosting system --Test method 

SS-ISO 3468  Passenger cars -- Windscreen defrosting systems --Test method 

SS-ISO 10263-5:2009: Earth-moving machinery – Operator enclosure environment -- 

Part 5: Windscreen defrosting system test method 

 
Definitions 

Defrosted area: Visible area of the lens surface of the tested headlamp or tail lamp having a dry sur-

face or covered with melted or partially-melted (wet) frost. 

 

Effective defrosted area: Visible area of the lens surface of the tested headlamp or tail lamp cover-

ing enlightened areas. 

 

Headlamp-defrosting system: Device, or combination of devices, intended by the vehicle manufac-

turer to eliminate frost or ice from the lens.  

 

Tail lamp-defrosting system: Device, or combination of devices, intended by the vehicle manufactur-

er to eliminate frost or ice from the lens. 

 

 

Verification of performance of headlamp and tail lamps defrosting system 

 

Test requirements 

1. When tested in accordance with this clause, the defrosting system shall be capable of de-

frosting specified percentages of specified areas within a stated time from the start of the 

test. 

 

2. If the tested lamp fails the test at the first attempt, a second attempt may be made on the 

same lamp at the discretion of the vehicle manufacturer, and the arithmetical average of the 

defrosted areas obtained at two attempts shall be taken as the results. 
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Test equipment 

1. A freezer capable of ensuring temperatures of -40 °C or less. 

 

2. Environmental chamber capable of ensuring temperatures of either 

 -28 °C ± 3 °C or 18 °C ± 3 °C or -8 °C ± 2 °C. 

3. Environmental chamber capable of ensuring temperatures of 20 °C and 80 % humidity. 

 

4. A  camera  and a large tripod 

 

5. A stopwatch 

 

6. A power unit. 

 

Test preparation 

2. All necessary lamp preparation, for example cleaning and marking, if required, of the lamp 

and installation of instrumentation necessary to ensure a satisfactory test and to record the 

defrosting test conditions, shall be conducted prior to the test temperature stabilization.  

 

3. The other lens surface should be thorough degreased using mentholated spirit or another 

degreasing agent. When the surface is dry, wipe the surface clean using a paper towel that 

contains no additive.  

 

4. The lamp which is to be tested is then placed and stored in the freezer set to -40 °C for at 

least 2 hours. This must be done before the process of applying an ice layer on the lamp 

lens can start.  

 

5. Turn on the environmental chamber with settings fixed at 20 °C and 80 % humidity. Make 

sure to close the door properly. 

 

6. Check that the environmental chamber has stabilized at 20 °C and that the humidity is at 80 

%. The humidity can be higher as long as the temperature is 20 °C ±0.2 °C.   

 

7. Take the frozen lamp from the freezer and put it in the environmental chamber. Watch the 

lamp in the environmental chamber while the ice layer is forming on the lens. Pay close at-

tention to signs of melting, immediately abort the ice creation process if such signs are not-

ed. The recommended time in the environmental chamber is 45 s for plastic lenses and 90 s 

for glass lenses. 

 

8. After the ice creation process is finished immediately take the lamp from the environmental 

chamber and put it back in the freezer set to -40 °C. Leave  the lamp in the freezer for at 

least 2 hours 

 

9. Repeat the steps 4-7 once or more. Remember to keep track of the number of repeats. 

 

10. Place the lamp under test in the environmental chamber. Maintain the temperature in the 

chamber throughout the stabilization and test periods at either: 

 

A)   -8 °C±2 °C restricted temperature range. 

B) -18 °C±3 °C full temperature range 

X) -28 °C±3 °C extreme temperature range 
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11. Connect the lamp under test to the power unit but don’t turn it on.  

 

12.  Set up the camera and position the lamp under test according to the Recording method. 

Take a test photo to make sure camera settings and position are correct. Keep an eye of the 

temperature in the environment chamber so that the ice layer on the lamps is kept intact. 

 

13. After temperature stabilization take again a photo of the lamp under test according to the 

Recording method. This is the reference photo before de-icing starts.  

 

Test conditions 

1. The environmental chamber temperature shall be measured at a location such that the tem-

perature is not significantly affected by heat from lamp under test or by cold air entering the 

chamber. 

 

2. The lamp should be positioned far away from cooling air inlets to avoid that cooling air is 

blowing towards the lens.  

 

3. The door to the environment chamber must not be opened during the test with exception for 

when pictures are taken. 

 

Test method 

1. The lamp defrosting system should be set to maximum defrost as recommended by manu-

facturer. The lamp should be set to operate with dipped beam (headlamp) or tail light (tail 

lamp). 

 

2. After temperature stabilization turn on the lamp under test and start the defrosting system if 

the lamp is equipped with such a device. Start the stopwatch now. 

 

3. Photos are taken at regular intervals every 5 min is recommended. 

 

4. The conditions 1-3 stated in test method should apply throughout the test period. 

 

5. The voltage at the terminals of the lamp under test and defrosting device shall be not more 

than 17 % above the nominal rating of the system (for example 14 V for 12 V system or 28 V 

for a 24 V system). 

 

6. When the tests start, and thereafter at stated intervals, record the defrosting pattern accord-

ing to the recording method during the entire test period. The test period should be at least 

60 min unless the lamp is already cleared of ice before this time.  
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Recording method  

1. Test preparation 

The area to be assessed shall be accurately located and clearly marked on the outer surface 

by a marker pen. 

 

2. Camera position 

The camera shall be placed facing the lamp under test at a maximum distance of 1.5 m. The 

photographic image must cover at least the area of the lens to be assessed. The camera po-

sition should preferably be the same for all photos therefore the use of a stand is recom-

mended. The camera and the stand must not obstruct opening of the door to the environ-

mental chamber. 

 

3. Taking a photo 

Open the door to the environment chamber a bit and quickly take a photo through the open-

ing with the camera. Close the door to the environment chamber. 

 

4. Frequency of photographing 

Photos shall be taken at specific time intervals preferably of every 5 min. 

 

5. Size of picture 

The value of the dimension of the major axis must be at least 200 mm. 

Criteria for pass or fail 
Suggestion: the criteria for headlamps and tail lamps should be that 80 % of the effective de-

frosted area is to be cleared within 30 min. 

 
Classification of lamps 
 
The lamps can be classified by their ability to deice by the following chart below. 

  

Temp 5 min 10 min 20 min 30 min 

-8 °C. AA AB AC AD 

-18 °C. BA BB BC BD 

-28 °C. XA XB XC XD 

 
The first letter tells which temperature range the lamp has completed the criteria for pass or fail. The 

second letter tells the de-icing time. 

 
  



 

V 
 

LAMPS AND FUNCTIONS 
For the study of lamps and function reference [5] in the references list has been used. 

Headlamps 

The headlamps of vehicles are the main lights which are responsible for illuminating the traffic space in the 

direction of movement. The lights must ensure that the area in front of the vehicle is sufficiently illuminated 

using the different light functions while avoiding dazzling oncoming traffic.  The second purpose of the lights is 

to make the vehicle visible for other road users. Often integrated into the headlamps or in close proximity of 

them are following signal lamps FDI, PO and DRL. 

Front direction indicator lamp (FDI) = Lamp which signals the intention to change direction or lane. 

Position lamp (PO) = Lamp which signals the position and width of the vehicle but is also used to mark a 

vehicle when it’s parked in a unlit areas. This lamp is often integrated directly either into the main beam or 

dipped beam reflector.  

Day time running light (DRL) = This lamp marks the vehicle when operated during the day. The use of these 

lights are mandatory in many countries, most notable countries are Canada and the Scandinavian countries. 

Side marker lamp (SML) = Lamp often with integrated side reflex with the purpose of marking the sides of the 

vehicle. These are mandatory to all SAE approved vehicles and for all lorries. 

Side turn indicator (side DI) = Lamp which repeats the signal of the turn indicator to the side making the 

intention of the vehicle more notable for other road users. 

Rear Combination Lamps 

Its matter of great importance for road traffic safety that road users are able to reliably recognize different driv-

ing situations. The rear lightning are commonly built as a module of several lamps with different functions.  

The signals usually incorporated into the two tail lamps are followed below.  

 

Rear positioning lamp (RPO) = This lamp marks the vehicles rear position in traffic particularly in twilight and 

darkness. 

Stop light (SL) = This lamp also known as brake light signals the following traffic that the vehicle in front is 

braking. 

Direction indicator (DI) =This lamp also referred to as the rear turn indicator warns the following traffic of the 

intention to change direction or lane. 

Rear fog lamp (RF) =Signal lamp that marks the position of the vehicle in dense fog, falling snow, hard rain or 

dust. 

Reverse light (RL) = Lamp withes is switched on when driver selects reverse gear. Its purpose is show that 

the vehicle is intending to or already driving backwards. 

Central high mount stop lamp (CHMSL) = It’s an additional break light mounted centrally on the vehicle in a 

raised position. The purpose of the lamp is the same as the SL with the additional feature of being easier to 

spot due to its placement. 

Rear Reflex (RR) = It’s a reflex reflector and not a lamp and is sometimes referred to as the passive lightening 

function.  It reflects lights when illuminated by a light source such as the headlamps of a following vehicle. 

  

http://www.hella.com/hella-com/622.html?rdeLocaleAttr=en
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SURVEY FORM - ICE & SNOW ON HEAD AND TAIL LAMPS 
This survey is part of a master thesis at Scania RECV and will be used to identify driver acceptance regarding 

ice and snow on headlamps and tail lamps.  

PART 1 Winter driving habits 

1. I scrape ice off and brush snow off the truck's headlamps before I drive off with the truck when it's  

winter conditions. 

Always Most times Sometimes Never 

    

 

2. I scrape ice off and brush snow off the truck's tail lamps before I drive off with the truck when it's  

winter conditions. 

Always Most times Sometimes Never 

    

 

3. How do you feel about scraping ice off and brushing snow off the lamps before you drive off with the 

truck? Please mark in the scale 1-5. 

It doesn’t bother 

me 

   It does bother me 

1 2 3 4 5 

 

4. For how long do you leave the truck idling before takeoff? 

0-5 min 5-10 min 15-20 min 20 min or more 

    

 

PART 2 Conditions 

5. Do you consider ice formation and snow accumulation on lamps to be a problem present today?  

Yes No 

  

 

6. Formation of ice and snow on the headlamps is most likely to occur when…?  

(One or more alternatives) 

 

When driving the truck in snow and slush 
 

 

When driving the truck in winter conditions in combination  

with melt water runoff  

 

When the truck is parked outside subjected to the environment 

 

 

When the truck is parked outside in combination  

with melt water runoff 

 

 

7. Formation of ice and snow on the tail lamps is most likely to occur when…? 

(One or more alternatives) 

 



 

VII 
 

When driving the truck in snow and slush 
 

 

When driving the truck in winter conditions in combination  

with melt water runoff  

 

When the truck is parked outside subjected to the environment 

 

 

When the truck is parked outside in combination  

with melt water runoff 

 

 

PART 3 Demands 

8. Do you believe today that there is a need to improve the headlamps ability to melt ice? 
 

Yes No 

  

 
9. Do you believe today that there is a need to improve the tail lamps ability to melt ice? 

 

Yes No 

  

 
 

10. During cold winter weather a layers of frost can occur on headlamps which will obstruct the light. The 

frost layer disappears after a certain amount of time after the truck starts running if not mechanically 

removed. What is the acceptable limit for that time? 

10 min 20 min 30 min 60 min 

    

 

11. Comments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thank for helping me // Anders
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TEMPERTURE MEASUREMENT DATA 

 

Scania H7 Xenon headlamp 

Temperature [°C] 
28.2 29.2 31.2 33.1 36.1 37.6 40.7 43.5 48.1 49.1 48.4 49.0 46.7 48.3 47.2 43.7 41.7 39.7 

28.0 30.0 32.0 33.5 36.0 38.0 40.8 45.6 51.2 54.5 55.9 54.1 51.9 50.0 52.7 46.8 41.5 39.5 

28.3 30.3 32.8 33.6 34.8 37.0 39.4 47.3 54.6 56.2 57.9 56.6 57.5 59.6 55.2 47.5 42.6 36.5 

28.8 30.8 32.3 33.5 33.9 35.2 38.5 46.5 53.4 56.6 59.0 61.3 60.8 62.1 58.2 48.7 42.0 35.8 

28.1 30.1 32.0 32.9 33.1 34.4 37.1 42.0 52.8 54.4 58.2 55.7 58.9 57.8 57.1 46.9 40.5 34.3 

27.5 29.5 31.3 31.9 32.2 33.2 35.6 42.3 47.5 50.0 50.0 50.9 53.1 50.9 52.0 44.7 38.7 34.0 

26.5 28.5 29.5 30.8 31.3 31.8 34.1 38.6 44.1 46.4 46.4 43.9 44.8 45.1 46.3 41.8 34.9 32.9 

25.6 27.6 28.1 29.3 29.6 30.2 31.4 32.9 37.2 38.0 37.7 40.0 38.1 39.6 38.8 35.0 32.9 30.9 

25.2 27.2 27.9 28.0 28.7 29.4 30.1 30.6 32.7 33.3 33.2 33.4 33.6 35.4 35.1 32.2 30.2 28.2 

 
X- coordinate [cm] 

2.5 
 

2.5 4 6 8 10 12 14 16 18 20 22 24 26 28 30 31.5 31.5 

2.1875 
 

2.1875 
 

4 6 8 10 12 14 16 18 20 22 24 26 28 30 31.5 32.5 

1.8875 1.875 
 

4 6 8 10 12 14 16 18 20 22 24 26 28 30 31.5 33.5 

1.5625 1.875 
 

4 6 8 10 12 14 16 18 20 22 24 26 28 30 31.5 34 

1.25 1.875 
 

4 6 8 10 12 14 16 18 20 22 24 26 28 30 31.5 34 

1.9375 1.875 
 

4 6 8 10 12 14 16 18 20 22 24 26 28 30 31.5 34 

0.625 1.875 
 

4 6 8 10 12 14 16 18 20 22 24 26 28 30 31.5 33.5 

0.3125 1.875 
 

4 6 8 10 12 14 16 18 20 22 24 26 28 30 31.5 32.5 

0 1.875 
 

4 6 8 10 12 14 16 18 20 22 24 26 28 30 31.5 31.5 

 
Y- coordinate [cm] 

16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 

14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Note: The 2D-coordinate system origins at lower left corner of the headlamp.
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 BMW Adaptive LED headlamp    
Temperature [°C] 

39.0 42.6 42.3 44.8 45.7 47.3 47.1 47.1 47.2 46.0 45.1 43.4 42.9 42.5 43.2 44.5 45.2 44.2 42.6 39.7 38.0 37.2 34.7 33.4 31.7 26.5 

39.0 39.7 41.2 43.7 44.1 45.2 45.0 45.6 45.5 45.1 43.1 41.7 40.8 39.8 40.9 43.3 42.3 43.6 42.0 41.3 39.8 38.6 36.0 34.6 32.3 26.5 

39.0 35.4 40.3 41.8 43.1 43.5 43.3 43.5 44.0 43.8 41.7 41.0 39.4 40.0 39.9 41.3 41.9 41.5 41.2 40.9 39.6 36.5 35.9 33.6 31.3 26.5 

39.0 35.4 38.8 40.0 42.8 44.0 44.4 43.7 43.1 42.5 42.0 41.2 39.6 39.3 39.0 40.9 40.2 40.6 45.0 42.9 37.0 35.9 35.2 32.5 31.3 26.5 

39.0 35.4 37.5 40.4 42.9 41.1 41.5 43.2 42.9 42.2 41.8 42.0 39.8 39.4 38.7 40.0 41.1 43.8 40.9 38.7 36.0 36.4 33.3 32.5 31.3 26.5 

39.0 35.4 37.5 40.8 43.0 40.0 40.1 41.7 42.8 42.3 43.5 44.0 41.7 40.0 38.5 38.9 39.4 40.5 37.5 36.9 36.9 35.0 33.3 32.5 31.3 26.5 

39.0 35.4 37.5 39.0 40.4 39.4 39.1 40.6 41.8 42.7 43.0 42.1 41.5 38.3 37.7 37.5 37.7 37.2 37.6 37.5 35.7 35.0 33.3 32.5 31.3 26.5 

39.0 35.4 37.5 39.0 38.5 39.2 39.0 38.9 40.4 41.7 40.1 38.1 39.0 37.9 38.0 36.9 36.6 36.4 35.4 34.9 35.7 35.0 33.3 32.5 31.3 26.5 

39.0 35.4 37.5 39.0 38.5 36.9 38.7 38.8 39.3 39.9 39.3 38.3 38.4 37.6 37.2 36.7 35.6 35.9 35.4 34.9 35.7 35.0 33.3 32.5 31.3 26.5 

39.0 35.4 37.5 39.0 38.5 36.9 34.1 39.0 39.4 39.8 38.8 37.6 37.9 34.8 34.8 34.2 35.6 35.9 35.4 34.9 35.7 35.0 33.3 32.5 31.3 26.5 

39.0 35.4 37.5 39.0 38.5 36.9 34.1 34.0 38.2 38.2 36.1 35.7 36.0 34.8 34.8 34.2 35.6 35.9 35.4 34.9 35.7 35.0 33.3 32.5 31.3 26.5 

39.0 35.4 37.5 39.0 38.5 36.9 34.1 34.0 34.0 34.8 36.1 35.7 36.0 34.8 34.8 34.2 35.6 35.9 35.4 34.9 35.7 35.0 33.3 32.5 31.3 26.5 

 
X- coordinate [cm] 

0 
 

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 
 

44 46 48 52 

 
Y- coordinate [cm] 

 

Note: The 2D-coordinate system origins at lower left corner of the headlamp. 
                          The yellow marked values are the measured values and corresponding coordinates 

13.0 15.0 17.0 19.0 20.0 20.0 20.5 21.5 21.0 22.0 21.5 21.0 21.0 20.0 19.0 18.92 17.83 16.75 15.67 14.58 12.50 11.42 9.33 7.25 5.17 0 

13.0 12.5 15.0 16.0 17.0 17.0 17.5 19.5 19.0 20.0 18.5 19.0 19.0 17.0 17.0 16.92 14.83 14.75 12.67 12.58 10.50 8.42 6.33 4.25 2.67 0 

13.0 10.0 13.0 14.0 15.0 15.0 15.5 17.5 17.0 18.0 16.5 17.0 17.0 15.0 15.0 14.92 12.83 12.75 10.67 10.58 8.50 6.42 4.33 2.25 0.17 0 

13.0 10.0 11.0 12.0 13.0 13.0 13.5 15.5 15.0 16.0 14.5 15.0 15.0 13.0 13.0 12.92 10.83 10.75 8.67 8.58 6.50 4.42 2.33 0.25 0.17 0 

13.0 10.0 8.0 10.0 11.0 11.0 11.5 13.5 13.0 14.0 12.5 13.0 13.0 11.0 11.0 10.92 8.83 8.75 6.67 6.58 4.50 2.42 0.33 0.25 0.17 0 

13.0 10.0 8.0 8.0 9.0 9.0 9.5 11.5 11.0 12.0 10.5 11.0 11.0 9.0 9.0 8.92 6.83 6.75 4.67 4.58 2.50 0.42 0.33 0.25 0.17 0 

13.0 10.0 8.0 6.0 7.0 7.0 7.5 9.5 9.0 10.0 8.5 9.0 9.0 7.0 7.0 6.92 4.83 4.75 2.67 2.58 0.50 0.42 0.33 0.25 0.17 0 

13.0 10.0 8.0  6.0 4.0 5.0 5.5 7.5 7.0 8.0 6.5 7.0 7.0 5.0 5.0 4.92 2.83 2.75 0.67 0.58 0.50 0.42 0.33 0.25 0.17 0 

13.0 10.0 8.0 6.0 4.0 2.0 3.5 5.5 5.0 6.0 4.5 5.0 5.0 3.0 3.0 2.92 0.83 0.75 0.67 0.58 0.50 0.42 0.33 0.25 0.17 0 

13.0 10.0 8.0 6.0 4.0 2.0 0.5 3.5 3.0 4.0 2.5  3.0 3.0 1.0 1.0 0.92 0.83 0.75 0.67 0.58 0.50 0.42 0.33 0.25 0.17 0 

13.0 10.0 8.0 6.0 4.0 2.0 0.5 -0.5  1.0 2.0 0.5 1.0 1.0 1.0 1.0 0.92 0.83 0.75 0.67 0.58 0.50 0.42 0.33 0.25 0.17 0 

13.0 10.0 8.0 6.0 4.0 2.0 0.5 -0.5 -1.0 0 0.5 1.0 1.0 1.0 1.0 0.92 0.83 0.75 0.67 0.58 0.50 0.42 0.33 0.25 0.17 0 



 

X 
 

Volvo Halogen headlamp 

Temperature [°C] 
40.0 52.2 48.9 46.0  45.1 42.3 39.4  33.3 

38.8 53.2 52.5 49.7 47.4 44.5 41.6 33.0 

38.6 49.3 49.8 50.5  48.2 46.2 42.9 34.7 

37.8 45.2  50.1   51.3  61.4 48.5 45.3 34.9 

37.1 44.8 49.5 63.7 66.8  67.9  43.6 32.1 

36.2 43.0 48.3 81.9 65.6  83.5 43.1 32.2 

33.2 37.0 41.2 46.6  89.7  46.3 41.0 32.3 

30.1 30.3 33.6  35.5  38.3 37.3 36.3 32.2 

30.1 30.3 28.8  28.7 30.3 32.2  32.5 29.7 

30.1 30.3 28.8 28.7 27.2 27.9 29.8 28.3 

30.1 30.3 28.8 28.7 27.2  27.9  26.7 25.5 

30.1 30.3  28.8 28.7  27.2 27.9 26.7 23.8 

 
X- coordinate [cm] 

0 3 6 9 12 15 18 21 

 
Y- coordinate [cm] 

33.00 32.71 32.43 32.14 31.86 31.57 31.29  31.00 

30 30 30 30 30 30 30 30 

27 27 27 27 27 27 27 27 

24 24 24 24 24 24 24 24 

21 21 21 21 21 21 21 21 

18 18 18 18 18 18 18 18 

15 15 15 15 15 15 15 15 

13 13 13 13 13 13 13 13 

13 11.14 9.29 9 9 9 9 9 

13 11.14 9.29 7.43  5.57  5.57  6 6 

13 11.14 9.29 7.43 5.57  5.57  3 3 

13 11.14 9.29 7.43 5.57 5.57  3 0 

 
Note: The 2D-coordinate system origins at lower left corner of the headlamp. 

                          The yellow marked values are the measured values and corresponding coordinates 
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DE-ICING MEASUREMENT DATA 
 

 SCANIA XENON HEADLAMP -8 °C 
 

SCANIA XENON HEADLAMP -18 °C SCANIA XENON HEADLAMP -28 °C 

0 min 

   
10 min 

   
15 min 

   
20 min 

   
  



 

XII 
 

 

 SCANIA XENON HEADLAMP -8 °C 
 

SCANIA XENON HEADLAMP -18 °C SCANIA XENON HEADLAMP -28 °C 

25 min 

   
30 min 

   
35 min 

No photo because de-icing is finished 

  

40 min 

No photo because de-icing is finished 
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 SCANIA XENON HEADLAMP -8 °C 
 

SCANIA XENON HEADLAMP -18 °C 
 

SCANIA XENON HEADLAMP -28 °C 
 

45 min 

No photo because de-icing is finished 

  
50 min 

No photo because de-icing is finished 

  
55 min 

No photo because de-icing is finished 

  
60 min 

No photo because de-icing is finished 
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 SCANIA XENON HEADLAMP -8 °C 
 

SCANIA XENON HEADLAMP -18 °C 
 

SCANIA XENON HEADLAMP -28 °C 
 

65 min 

No photo because de-icing is finished No photo because de-icing is finished 

 
70 min 

No photo because de-icing is finished No photo because de-icing is finished 

 
75 min 

No photo because de-icing is finished No photo because de-icing is finished 

 
80 min 

No photo because de-icing is finished No photo because de-icing is finished 
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 SCANIA HALOGEN HEADLAMP -18 °C   
 

 0 min 5 min 10 min 

 

  
 

 15 min 20 min 25 min 

 

   
 35 min 45 min 55 min 
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 VOLVO HALOGEN HEADLAMP -18 °C 
 

 0 min 5 min 10 min 15 min 20 min 

 

     
 25 min 30 min 35 min 40 min 45 min 
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 BMW LED HEADLAMP -8 °C BMW LED HEADLAMP -18 °C BMW  LED HEADLAMP -18 °C  NO FAN 
 

0 

   
25 

   
30 

   
35 

   
  



 

XVIII 
 

 

 BMW LED HEADLAMP -8 °C BMW LED HEADLAMP -18 °C BMW  LED HEADLAMP -18 °C  NO FAN 
 

40 

   
45 

   
50 

   
55 
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 BMW LED HEADLAMP -8 °C BMW LED HEADLAMP -18 °C BMW  LED HEADLAMP -18 °C  NO FAN 
 

60 

No photo because de-icing is finished 

  
65 

No photo because de-icing is finished 

  
70 

No photo because de-icing is finished 
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COLD WASHER FLUID 
 

FIRST TEST RUN  -18 °C (Spray time: 6 s , Spray Intervals: 24 s) SECOND TEST RUN  -18 °C (Spray time: 6 s , Spray Intervals: 24 s) 

START 

  
After 
3st  6s sprays each  
followed by a 24s 
pause . 

  
5min 
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HOT WASHERFLUID 
 

FIRST TEST RUN  -18 °C  (Spray time: 6 s , Spray Intervals: 24 s) SECOND TEST RUN  -18 °C  (Spray time: 5 s , Spray Intervals: 20 s) 

START 

  
First spray 
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HOT WASHERFLUID 
 

FIRST TEST RUN  -18 °C  (Spray time: 6 s , Spray Intervals: 24 s) SECOND TEST RUN  -18 °C  (Spray time: 5 s , Spray Intervals: 20 s) 

Second spray 

 
 

Third spray 
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HOT WASHERFLUID 
 

FIRST TEST RUN  -18 °C  (Spray time: 6 s , Spray Intervals: 24 s) SECOND TEST RUN  -18 °C  (Spray time: 5 s , Spray Intervals: 20 s) 

5 min 
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ELECTRICALLY HEATED LENS  -8 °C   

 0 min 5 min 10 min 15 min 

 
 
Notice the heated lens only uses 
7W of power to obtain this result.  
This photo set (0-15 min) shuld be 
read from left to right. 

    
 

ELECTRICALLY HEATED LENS  -18 °C   

 0 min 5 min 10 min 15 min 

 
 
Notice the heated lens only uses 
7W of power to obtain this result.  
This photo set (0-15 min) shuld be 
read from left to right. 

    
 20 min 25 min 30 min 35 min 

 
 
This photo set (20-35 min) shuld 
be read from left to right. 
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SUMMARY OF TEMPERATURE & DE-ICING MEASUREMENTS 
 
Test object SCANIA  

HALOGEN 
SCANIA  
XENON 

SCANIA 
XENON MOD 

SCANIA 
XENON MOD 

SCANIA 
XENON 

SCANIA 
XENON 

SCANIA 
XENON 

SCANIA 
XENON 

Manufacturer ZKW ZKW ZKW ZKW ZKW ZKW ZKW ZKW 

 

        
Type  Headlamp  Headlamp  Headlamp  Headlamp  Headlamp  Headlamp  Headlamp  Headlamp  

Dimensions 34x16 cm 34x16 cm 34x16 cm 34x16 cm 34x16 cm 34x16 cm 34x16 cm 34x16 cm 

Lens material glas glas glas glas glas glas glas glas 

Light functions Dipped beam ON Dipped beam 
ON 

Dipped beam 
ON 

Dipped beam 
ON 

All 
OFF 

All 
OFF 

All 
OFF 

All 
OFF 

Voltage  24V (28V) 24 V (28 V) 24 V (28 V) 24 V (28 V) XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX 

Current 2.58 A 1.4 A 1.4 A 1.4 A XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX 

Power 72.2 W 39.2 W 39.2 W 39.2 W XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX 

Temp distribu-
tion   

XXXXXXXXXXXXXXX 25.2- 62.1 °C (am-
bient 23 °C) 

XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX 

De-icing   Self generated 
heat  

Self generated 
heat 

Self generated 
heat 

Self generated 
heat 

None  None None None 

Defrosting  
system 

None None Heat pipes& 
Fan  OFF 
 

Heat pipes & 
Fan ON 

Cold fluid  
High pressure 
spray nozzles 

Hot  fluid  
High pressure 
spray nozzles 

Hot  fluid  
High pressure 
spray nozzles 

Hot  fluid  
High pressure  
spray nozzles 

Voltage  XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX 12 V 28V (P) 28V (P), 14 V (H) 28V (P), 14 V (H) 28V (P), 14 V (H) 

Current XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX 0.16-0.24 A 9A (P) 9A (P),   40 A (H) 9A (P),   40 A (H) 9A (P),   40 A (H) 

Power XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX 1.9–2.9 W 252W(P) 252W(P), 560W(H) 252W(P), 560W(H) 252W(P), 560W(H) 

Spray time XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX 6 s (P) 6 s (P) 5 s (P) 3 s (P) 

Spray intervals XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX 24 s 24 s 20 s 20 s 

De-icing time    
 -8 °C 

XXXXXXXXXXXXXXX 25 min XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX 

De-icing time   
-18 °C 

20 min 35 min 35 min 30 min De-icing  
not possible  

1 min 
1st spray 

1 min 
1st spray 

1.5 min 
3rd spray 

De-icing time   
-28 °C 

XXXXXXXXXXXXXXX 80 min XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXXXX 

Area 280 cm
2
 280 cm

2 
280 cm

2
 280 cm

2
 280 cm

2
 280 cm

2
 280 cm

2
 280 cm

2
 

Total Power 72.2 W 39.2 W 39.2 W 42.1 W max 252 W 812 W max 812 W max 812 W max 

Energy 0.024 kWh 0.023 kWh 0.023 kWh 0.021 kWh XXXXXXXXXXXXXXX 0.006 kWh 0.006 kWh 0,008 kWh 

Classification  BC AD AD BD XXXXXXXXXXXXXXX BA BA BA 
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Test object BMW  
LED 

BMW  
LED 

VOLVO 
HALOGEN 

HEATED LENS  SCANIA 
LED   

SCANIA 
 

Manufacturer ZKW ZKW Hella ICHIKOH Grote Vignal 

 

  

 
 

  

Type Headlamp  Headlamp  Headlamp  Tail lamp  Tail lamp   Tail lamp   

Dimensions 56x24cm 56x24 cm 25x40 cm 16x15cm 45x12 cm 45x17 cm 

Lins material plastic Plastic plastic plastic plastic plastic 

Light functions Dipped beam ON Dipped beam 
ON 

Dipped beam 
ON 

All 
OFF 

Tail light 
ON 

Tail light 
ON 

Voltage  12 V (14 V) 12 V (14 V) 24 V (28 V) XXXXXXXXXXXXXXXXXXX 24 V (28 V) 24 V (28 V) 

Current 4.4-4.8 A 4.4-4.8 A 2.6 A XXXXXXXXXXXXXXXXXXX 0.08A 0.73 A 

Power 52.8–57.6 W 52.8–57.6 W 72.8 W XXXXXXXXXXXXXXXXXXX 2.24W 20.44 W 

Temp distribution   25.5-47.3  °C 
(ambient 23 °C) 

XXXXXXXXXXXXXXXXXXXXX 23.8-89.7  °C 
(ambient 23 °C) 

XXXXXXXXXXXXXXXXXXX 23.0-25.6 °C 
(ambient 23 °C) 

XXXXXXXXXXXXXXXXXXX 

De-icing   Self generated heat with 
enabled cooling fan 

Self generated heat with 
disabled cooling fan  

Self generated heat  None Self generated heat  Self generated heat  

Defrosting system Fan None None Electrically  heated lens XXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXX 

Voltage  XXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXX 24 V (28 V) XXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXX 

Current XXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXX 0.25 A XXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXX 

Power XXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXX 7 W XXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXX 

De-icing time    
 -8 °C 

50 min XXXXXXXXXXXXXXXXXXXXX 25 min 10 min XXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXX 

De-icing time   
-18 °C 

65 min 70 min 35 min 20 min De-icing not possible   15 min 

De-icing time   
-28 °C 

XXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXX 

Area 469 cm
2
 469 cm

2
 216 cm

2
 174 cm

2
 115 cm

2
 145 cm

2
 

Total Power 52.8–57.6 W 52.8–57.6 W 72.8 W 7 W 2.24 W 20.44 W 

Energy 0.062 kWh 0.067 kWh 0.042 kWh 0.002 kWh XXXXXXXXXXXXXXXXXXX 0.005 kWh 

Classification XXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXX AD AB, BC XXXXXXXXXXXXXXXXXXX BC 

 


