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Abstract 

The purpose of this Master thesis was to deepen the knowledge and understanding regarding 

control parameters for the Extreme Environment Cyclic Testing (EECT) on interior and exterior 

cab components. The investigated parameters were temperature gradient, length of the warm 

and cold sections and number of cycles. These parameters were investigated since they control 

the settings of the Extreme Environment Cyclic Testing. In addition, temperature data was also 

gathered in order to be analysed along with a simplified case of sun radiation. 

The method consisted of three parts, where the first part was to perform a literature survey to 

gather relative data and knowledge. The second part was to perform simulations in COMSOL 

Multiphysics and the third part consisted of physical testing at Scania and at SP in Borås. To 

gather temperature data a simulation of a field test was performed in a wind tunnel at Scania. 

The results displayed a difference of the thermal image of the component when a simplified sun 

case was compared to a case without applied sun light. Regarding temperatures and temperature 

gradients it was found that a temperature gradient, based on testing from South Africa, can be 

up to 2.91°C/min in nature. The temperature results displayed a clear difference between 

obtained temperatures in a cab compared to results from a car. The angle of the windscreen and 

the volume difference are believed to be parts of the explanation. The simulations showed that 

an increase of the temperature gradient to 2°C/min from 1°C/min can be done without changing 

the time that the temperature of the material is heated respectively cooled significantly. These 

results were supported from the component testing at Scania which displayed that the difference 

in strain range when the temperature gradient was changed between 1°C/min to 2°C/min was 

below 1.2 %, which corresponds to less than 1E-4. The testing at Scania also displayed that the 

change in maximum strain for different length configurations, 3 h cold 6 h warm, 4 h cold 8 h 

warm and 6 h cold 12 h warm, could be neglected. The deviation in strain range between the 

3h6h and 4h8h configuration was found to be below 1 %, which in absolute terms was 5E-5. It 

was also showed that the variance of the strain range did not change significant after six cycles. 

The maximum deviation in strain range between six and ten cycles was 0.15 %. The testing at 

SP with deformation scans with structural light scans displayed fluctuation in the deformation 

for the first cycles and a consistent decrease of maximum deformation after 8 cycles.  

The conclusions from the sun light simulations in COMSOL Multiphysics were that the 

difference between a simplified sun radiation case with a homogenous ambient temperature and 

the more realistic one with a set temperature on one surface of the component in combination 

with a homogenous ambient temperature could be neglected for components with a height up 

to 0.01 m. This was only valid if the temperature difference was below 10°C. For a larger 

temperature difference it was found valid for a height up to 0.001 m. Based on the results the 

author recommends that the control parameters of the Extreme Environment Cyclic Testing are 

set accordingly to obtain a more efficient testing method: 

 The number of cycles in the EECT should be 8, since more cycles will not make a 

significant change on the results 

 The time should be 3 h in the cold section and 6 h in the warm section 

 The increase of temperature should be 2°C/min to improve testing efficiency 

Also, an additional suggestion is to investigate the possibility of a pre-thermal heating phase in 

the EECT. 



 

 

 

  



 

 

Sammanfattning 

Syftet med det här examensarbetet var att utöka kunskapen och förståelsen för kontrollsättande 

parametrar gällande extrem cyklisk klimatprovning (Extreme Environment Cyclic Testing) för 

interna och externa hyttkomponenter. Parametrarna som undersöktes var temperaturstigningen, 

periodlängd och antal cykler. Utöver dessa parametrar samlades temperaturdata in för analys 

och en jämförelse gjordes mellan ett förenklat fall av solstrålning och ett mer verklighetsbaserat. 

Metoderna som användes var simuleringar med hjälp av COMSOL Multiphysics, 

temperaturprovning på Scania och temperaturprovning med scanning med hjälp av strukturerat 

ljus på SP i Borås. Som komplettering till insamlande av temperaturdata utfördes även en 

simulering av ett fältprov i vindtunneln på Scania i syfte att utöka mängden temperaturdata. 

Resultaten visade på en tydlig skillnad av den termiska bilden i en komponent mellan det 

förenklade fallet av solstrålning och det mer verklighetsbaserade. Gällande temperaturer och 

temperaturstigning visade analysen av insamlade data från fältprov i Sydafrika att den högsta 

temperaturstigningen är 2,91°C/min i en naturlig miljö. När jämförelse gjordes mellan insamlad 

data för en hytt jämfört med data för personbilar visade resultaten på en markant skillnad. 

Vindrutans vinkel samt hyttens volym anses vara orsaken till att en faktor två kunde observeras 

för vissa mätpunkter. Resultaten från simuleringarna i COMSOL Multiphysics visade att en 

temperaturstigning om 2°C/min jämfört med 1°C/min kan användas utan att tiden som  

materialets temperatur är uppvärmt respektive nerkylt enligt satta minimum och maximum 

temperaturer i provet ändras markant. Denna trend kunde även påvisas från resultaten av 

temperaturprovningen på Scania som visade att skillnaden i uppmätt töjningsvidd när 

temperaturstigningen ändrades från 1°C/min till 2°C/min var lägre än 1,2 %, vilket motsvarar 

en töjning på 1E-4. Vid analys av provresultaten från Scania konstaterades det att skillnaden i 

maximal töjning mellan de olika periodkonfigurationerna på 3 h kallt 6 h varmt, 4 h kallt 8 h 

varmt och 6 h kallt 12 h varmt kunde negligeras. Maximala variationen i töjningsvidd mellan 

periodkonfiguration 3h6h och 4h8h uppmättes till 1 %, vilket motsvarar 5E-5. Resultaten 

visade även att variationen i töjningsvidd inte varierade nämnvärt efter sex cykler. Den 

maximala skillnaden mellan sex och tio cykler var 0,15 %. Provningen på SP där deformationen 

scannades med hjälp av strukturerat ljus visade på oscillationer under de första cyklerna och att 

den maximala deformationen minskade efter 8 cykler. 

Slutsatserna från solsimuleringen i COMSOL Multiphysics var att skillnaden mellan det 

förenklade fallet när en homogen omgivningstemperatur användes och det mer 

verklighetstrogna när en högre yttemperatur applicerades på ena sidan i kombination med en 

homogen omgivningstemperatur kunde försummas för komponenter med en maximal höjd av 

0,01 m. Detta om temperaturskillnaden inte översteg 10°C. För en högre temperaturskillnad 

kunde det bara försummas om komponentens tjocklek var under 0,001 m.  

Baserat på resultaten drogs slutsatsen att de kontrollsättande parametrarna för EECT bör sättas 

enligt följande: 

 Antalet cykler bör vara 8 i EECT då fler cykler inte ger nämnvärda skillnader 

 Tiden bör vara 3 timmar i den kalla respektive 6 timmar i den varma sektionen 

 Temperaturstigningen bör vara 2°C/min för att effektivisera provningen 

Dessutom föreslås att man bör undersöka möjligheten att införa ett förvärmningsprov i EECT.  
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1 Introduction 

1.1 Background 

Mechanical components are daily exposed to the natural conditions that exist in their 

environment. Therefore all mechanical components needs to be designed to withstand these 

loads. Some of the most common loads that arise in natural environment are radiation through 

sun light, low and high temperatures and moist. All mechanical components therefore needs to 

be tested against these thermal loads to ensure that they maintain their function throughout their 

lifetime. This applies for example to the automotive and the defense industry as well on cell 

phone manufactures etc. For a company such as Scania, which is one of the leading truck and 

bus manufactures in the world, it’s crucial that the functions in their products are preserved over 

the entire lifetime. Therefore one of the core values at Scania is the quality of the products. 

High quality can be achieved through various techniques, one of them being strict and accurate 

testing of all components. This Master thesis was conducted in order to further build upon the 

knowledge in this field and to determine how different factors affect the outcome of Extreme 

Environment Cyclic Testing, hence making it possible to carry out strict and relevant testing at 

Scania. 

Extreme Environment Cyclic Tests, EECT are performed at Scania in order to investigate how 

different components behave on a system level at extreme maximum and minimum temperature 

conditions with respect to deformations and other visible changes. The test methods are based 

on gained knowledge through previous testing, standards and years of experience in the field. 

Today, tests are performed with a setup, which depends on the location of the test object in the 

cab. This means that parameters such as temperatures and hold times could be changed for 

different components. The tests are performed in CC1, a temperature chamber at Scania, or at 

external partners. In the climate chamber the temperature and the relative humidity of the air 

are controlled to simulate the extremes of the climate that the trucks are exposed to in their real 

life applications. In addition to test in CC1 Scania has also the ability to perform climate tests 

with snow, rain or sunlight in the climatic wind tunnel CD7, see Figure 1. 

 

Figure 1. Climate test with snow condition on a NGS truck in CD7. 
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1.2 Previous work in the field 

Previous public work in this field have been very general, often studying the mechanism of 

temperature testing and often done in the context of electrical components. Such example are 

the work of Hu and Garfinkel, where the authors aim is to develop thermal cycle tests for 

electronic components in the automotive industry [1]. To achieve this the authors present an 

approach on how to develop the requirements that should determine the tests, that is based on 

the usage and life cycle of the electric components [1]. Another example is the work with load 

reduction for electrical vehicles regarding AC usage of Jeffers, Chaney and Rugh [2]. In their 

work the authors performs outdoor weather testing and simulations to evaluate different 

strategies. Their results show that the range of an electric vehicle can be increased with up to 

15 % when the right strategy is used. Work has also previously been done by Van Teylingen, 

Riedl and Adhatrao with the aim to summarize testing methods for sun light simulation in the 

automotive industry conducted at different institutes and companies [3]. The conclusion of the 

authors is that due to the high quality of the materials in the automotive industry, the instruments 

used in the tests today needs to be of a so called “High-end” – technology. This to ensure that 

the test conditions are as close to real life as possible. Examples by the authors of technology 

for future testing equipment are rotating racks, digital control over process parameters, control 

over black standard temperature and chamber temperature simultaneously. Also special 

developed xenon-arc lamps with filters for improved spectral power distribution during sun 

simulation is mentioned as an improvement [3].  

The prior work conducted in this field at Scania is the report by Knälmann about recommended 

temperatures for interior and exterior components on a cab that is exposed to sunlight. Here a 

temperature increase is recommended to substitute the effect of radiation from the sun in the 

temperature tests [4]. In addition to the report by Knälmann a general guideline for temperature 

testing of electrical components at Scania has been made by Björnängen [5]. Since the work by 

Björnängen is for electrical components a direct carry over to cab components is not possible. 

1.3 Objective and method 

The objective of this Master thesis is to further improve the testing methodology used for 

Extreme Environment Cyclic Testing at Scania. This will be done by investigating the effects 

of temperature gradients, a case of simplified sun radiation, effects of number of cycles and 

length of cycles of the testing with respect to stress, strains and deformations in cab components. 

The long term aim is that this work will be the foundation of a general guideline for Extreme 

Environmental Cyclic Testing of mechanical cab components.  

The method for this work consists of three parts, where the first part is to perform a literature 

survey and interviews to gather relative data and knowledge. The second part is to perform 

simplified simulations in COMSOL Multiphysics and the third part consists of physical testing 

in temperature chambers.  

A more detailed description of the objectives and methods can be found in Section 2. 

1.4 Outline of the report 

This report contains of six different parts, which all aims to complete an IMRAD structure of 

the report to ease the reading for the reader. The parts are: Introduction, Objectives, Method, 

Results, Discussion and Final discussion and conclusions.  
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The introduction, which this section belongs to, aims to give the reader a background to why 

the work has been done. It contains previous work conducted in the field and a short 

presentation of the objectives and corresponding methods.  

The part about the objectives aims to give the reader a clear view over the objectives that the 

thesis will cover. Here a clarification is also given regarding which of the objectives are seen 

as prioritized and which will be done if time allows. The methods chosen to solve the objectives 

are presented here as well in order to enable for the reader to perform the tests and simulations 

him or herself. There will be independent method sections for all phases of the work. The theory 

that the Master thesis will encounter is located after the objective in Section 3. 

All results are presented in independent result sections for the literature study and interviews, 

simulations and testing. The aim is to present the results without personal opinions from the 

author. 

In the discussion chapter the author discusses the outcome from the tests and simulations 

performed and puts them in relation to the gained knowledge from the literature survey and 

interviews done. Each phase of the work has a discussion section and in the end of the report 

an overall discussion about the entire thesis is done with final conclusions. 

In the end of the report conclusions from the author are presented along with specific 

recommendations for Scania. The specific recommendations for Scania and some of the 

conclusions can be seen in both the company version and in the public version of the report but 

some data regarding temperatures can only be seen in the Scania version. 
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2 Objective 

2.1 Goals 

The objective of this Master thesis is to initiate a specification about temperature testing in the 

truck and vehicle industry. This includes the following goals: 

A. Through a literature survey gather knowledge about what is done in the field of interest.  

B. Through interviews at Scania and other companies in the VW group, specify and collect 

data for temperatures and exposure times for different areas of the vehicle. 

C. Investigate with simulations, possible effects of different temperature gradients in a 

climate chamber with respect to stress and strain in the material. 

D. Investigate with simulations, relaxation time and strains for different materials with 

respect to number of hours in the chamber for different temperatures, boundary 

conditions and complexities of the component.  

E. Investigate with testing, relaxation time and strains for different materials with respect 

to number of hours in the chamber for different temperatures, boundary conditions and 

complexities of the component. Use obtained results to validate corresponding 

simulations in D. 

F. If time allows evaluate through simulations the effect of different numbers of cycles, 

cycling hours, boundary conditions and complexities of the component in the chamber 

with respect to stress and strains in the component. 

G. If time allows evaluate through testing the effect of different numbers of cycles, cycling 

hours, boundary conditions and complexities of the component in the chamber with 

respect to stress and strains in the component. Use obtained results to validate 

corresponding simulations in F. 

H. If time allows evaluate through simulations the effect of sun radiation on the 

temperature distribution in a plastic material.  

I. Evaluate through testing possible effects of different temperature gradients in a climate 

chamber with respect to stress and strain in the material. Compare results with 

simulations in C. 

J. Through simulations perform a parametric sweep of different geometries and 

investigate its effect on temperature distribution in the material with respect to time. The 

goal of the parametric sweep is to build a foundation of knowledge of temperature 

distribution which can be used for further simulations.  

 

2.2 Methodology 

In order to achieve the set objective and goals of the thesis, the author divided the work into 

three phases. 

1. After a background check over the subject and objectives and when the solution 

methods had been determined the author began with the first part of the thesis work. It 

consisted of a literature survey to gather knowledge about what was done in the field 

and to gather data about the climate that the cab components are exposed to. In this stage 

a visit to MAN in Munich was done to gather more knowledge about what competitive 

companies were doing. The aim of the first stage was to fulfil Goals A and B. 

2. The second stage consisted of simplified simulations of a door handle in COMSOL 

Multiphysics in order to investigate the effect of different temperature gradients, period 

times and number of cycles. The aim of the second stage was to fulfil Goals C, D and 
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F. During this phase a parametric sweep was also conducted in the simulations to 

investigate the effect of geometries with respect to simplified sun simulation. This was 

done to fulfil Goal J and simultaneously work as a learning period for the simulation 

program for the author. 

3. In the third stage component testing of a door handle was done in the material lab at 

Scania. The effect of different temperature gradients, number of cycles and periods 

lengths were investigated to fulfil Goals I and G and to evaluate if the test results were 

correlating with the results from the simulations. To evaluate the effect of the number 

of cycles used in an Extreme Environment Cyclic Test, testing was done at SP, Sveriges 

Provnings- och Forskningsinstitut, in Borås Sweden. The goal of the test was to measure 

the deformation continuously during 10 cycles to see when the maximum deformation 

were to be displayed. This was done to fulfil one part of Goal G. After the three phases 

the results were to be analysed and recommendations drawn from the conclusions in 

order to contribute to the testing methodology used at Scania. The interaction between 

all phases in the Master thesis can be seen in Figure 2. 

 

 

Figure 2. Schematic figure to describe the work process in the Master thesis. 
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3 Theoretical background 

This chapter has the purpose to give the reader a brief overview of the theory that is applicable 

to the problems of this Master thesis. The theory that will be covered are heat transfer through 

a gas medium, through contact between two solids as well through radiation. In addition to that, 

theory behind relative humidity will be briefed as well, due to that humidity is one part of the 

EECT. Stresses and strains that arise from thermal expansion will also be covered since the 

effect of the EECT tests will be evaluated through those. 

3.1 Heat transfer through radiation 

Heat transfer through radiation is the energy emitted from a surface as particles or waves [6]. 

With help of Stefan Boltzmann’s law the heat radiation per unit time, q [W], which is emitted 

from a black body can be expressed as:  

 𝑞 = 𝜎𝑠𝑇4𝐴 (1) 

   

Where A is the area of the surface, T the temperature and 𝜎𝑠 is the Stefan Boltzmann constant 

which is equal to 5.6703E-8 [W/m2K4]. For a grey body the emissivity of the body can be used 

as an addition in the law and thus the radiation of a grey body can be expresses as [7]:  

 

 𝑞 = 𝑒𝑘𝜎𝑠𝑇4𝐴 (2) 

   

The emissivity, 𝑒𝑘, of a body is further explained in Section 3.2. The radiation between a body 

and its surrounding medium can from equation (2) be expressed as [8]: 

 𝑞 = 𝑒𝑘𝜎𝑠(𝑇𝑏
4 − 𝑇𝑚

4 )𝐴 (3) 

   

Where the temperature of the body is expressed as 𝑇𝑏 and the temperature of the medium as 𝑇𝑚. 

3.2 Emissivity  

Emissivity, 𝑒𝑘, of a body referred to as k is defined as the ratio between the spectral radiance to 

the spectral radiance of a black body, which can be expressed as: 

 

 𝑒𝑘 =
𝐼𝑘(𝑓, 𝑇)

𝐼(𝑓, 𝑇)
 (4) 

   

Where T is the temperature of set body and f is the frequency. Kirchhoff’s law states that at 

thermal equilibrium the emissive radiance, 𝐼𝑘(𝑓, 𝑇), of a body k to the ratio over the body k:s 

absorptivity, 𝑎𝑘(𝑓, 𝑇), where an ideal absorbing body has 𝑎𝑘(𝑓, 𝑇) = 1, is independent of the 

body and equal to the radiance of thermal radiation, 𝐼(𝑓, 𝑇) [7]. This is seen as:  

 𝐼(𝑓, 𝑇) =
𝐼𝑘(𝑓, 𝑇)

𝑎𝑘(𝑓, 𝑇)
 (5) 

   

Hence Kirchhoff´s law states that the emissivity is equal to the absorptivity in a thermal 

equilibrium [7]. 
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3.3 Heat transfer through conduction 

The temperature of a solid body can be put in relationship to the activity of the atoms and 

molecules in set body. Heat transfer through a body or a union of two bodies is called 

conduction. This is also valid for stationary fluids [8]. The Fourier´s law expresses the 

relationship between heat flux and temperature gradient in a solid body or stationary fluid as: 

 𝑞𝑛 = −𝑘𝑛

𝑑𝑇

𝑑𝑛
 (6) 

 

Where 𝑞𝑛 the heat flux in the n direction is, 𝑑𝑇/𝑑𝑛  the temperature gradient in set n direction 

and 𝑘𝑛 the respective thermal conductivity in the n direction. For a three dimensional case the 

heat flux is vectorised and the equation becomes [9]: 

 �̅� = −𝑘∇𝑇 (7) 

   

The Nabla operator, ∇, describes the three dimensions of the heat flux in a body. If one instead 

has a heat transfer between a moving medium and a body then the phenomena is called 

convection, which is more described in Section 3.4. 

3.4 Heat transfer through convection 

As mentioned convective heat transfer is the transfer of heat between a moving medium and a 

surface of different temperature. If a surface has a higher temperature than the surrounding 

moving medium the molecules on the surface will be heated through the surface by conduction, 

described earlier, and then transferred away with the motion of the medium. According to 

Newton the relationship between the heat transfer and the temperature difference of the medium 

and the surface is proportional, hence it can be described as: 

 𝑞 = ℎ(𝑇𝑠 − 𝑇𝑚) (8) 

   

Where 𝑇𝑠  is the temperature of the surface, 𝑇𝑚 the temperature of the medium and h is the 

convective heat transfer coefficient, which is a unique case dependent parameter, with the unit 

of [W/m2K] [8]. Commonly this parameter is determined experimentally but can also be 

estimated theoretically.  

3.5 Thermal expansion and thermal stress 

Heating of components causes damages in general due to different thermal expansion 

coefficients, 𝛼𝑒, of the materials in the components, which leads to stresses and strains. Very 

high temperatures can cause the component to fail right away in difference to moderate 

temperatures which will cause the material to deform. The partial deformation of the component 

will decrease the level of resistance to failure in the future [10]. If one assumes to have a perfect 

circular bar with the length l and diameter d, then the thermal expansion, 𝜆  , when the 

temperature rises from 𝑇0 to 𝑇1, can be described with [11]: 

 𝜆 = 𝛼𝑒(𝑇1 − 𝑇0)𝑙 (9) 
 

Where the thermal expansion can be substituted with: 
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 𝜆 = 𝑙′ − 𝑙 (10) 

 

And 𝑙′ is the length of the bar after the thermal expansion. The strain, 𝜖, caused by the thermal 

expansion is then given by: 

 𝜖 =
(𝑙′ − 𝑙)

𝑙
  (11) 

 

Thus it can be calculated as: 

 𝜖 =
𝜆

𝑙
  (12) 

 

If one inserts equation (9) in equation (12) the thermal strain can be expressed as: 

 𝜖 = 𝛼𝑒(𝑇1 − 𝑇0)  (13) 

 

Under the assumption of Hooke’s law that the normal stress is proportional to the normal strain, 

the stress due to thermal expansion can thus be calculated with [11]:  

 𝜎 = 𝐸𝜖 (14) 

 

Where E is the Young´s modulus of the material. The same assumption is used for the shear 

stress: 

 𝜏 = 𝐺𝛾 (15) 

 

And respective strain, 𝛾, where G is the shear modulus of the material. With a given Poisson’s 

ratio, which describes the relationship between the transverse, 𝜖𝑡 , and axial strain,  𝜖 , in a 

material [12]:  

 𝑣 =
𝜖𝑡

𝜖
 (16) 

 

The relationship to the shear modulus for an isotropic material can be described as: 

 𝐺 =
𝐸

2(1 + 𝑣)
 (17) 

 

Hence with measured strains for a component the stresses due to thermal heating can be 

calculated. The theory described is valid under the assumptions that the material is linear elastic. 

3.6 Relative humidity 

Exposure to moist causes expansion in plastic materials. This leads to a decrease of the material 

properties for plastic materials. If the plastic material contains esters there is a possibility of 

chemical reactions with water which is enhanced with high temperatures. This causes loss in 
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strength of the material. Examples of plastic materials that does not absorb large quantities of 

water and hence withstands moist very well are: polytetrafluorethylene, polyethylene and 

polystyrene [10]. Moisture can be considered as a mixture between dry air and vaporized water 

and therefore as a gas, which means that the usage of the ideal gas law can be applied: 

 𝑝𝑉 =
𝑚

𝑀
𝑅𝑇 (18) 

 

Where p is the pressure, V the volume, m the mass, M the molar mass, T the temperature and R 

the universal gas constant of the medium. The content of moisture in a gas can be described 

both as vaporized pressure, pv, and content of vapour in a gas, vv, which, if the formula for 

density is applied to equation (18), can be expressed as [10]: 

 𝑣𝑣 = 𝑝𝑣

𝑀

𝑅𝑇
  (19) 

 

In temperature testing of vehicles the term relative humidity is used to express how much the 

vaporized water the air contains at a certain time. In order to calculate the relative humidity one 

needs to calculate the amount of vaporized water in the air for a given temperature, vs, which 

can be approximated as [10]: 

 

𝑣𝑠 = 10−3 (4,85 + 3,47 (
𝑇

10
) + 0,945 (

𝑇

10
)

2

+ 0,158 (
𝑇

10
)

3

+ 0,0281 (
𝑇

10
)

4

) 

(20) 

 

The relative humidity, 𝜑, usually described as RH, yields with equation (19) and equation (20) 

as: 

 𝜑 =
𝑣𝑣

𝑣𝑠
 (21) 

 

3.7 Absorption of moisture 

Materials can in general terms absorb moisture through three mechanisms, this is illustrated in 

Figure 3. 

 

Figure 3. Schematic figure of absorption of moist in materials. 
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Humidity can have several effects on materials, examples can be loss of physical strength, 

oxidation and/or galvanic corrosion of metals. The amount of water absorbed by a material is 

highly dependent on the ambient temperature during the humidity test, since the speed of 

penetration of the water molecules in to the material increases with temperature [13]. 

Absorption of moist of a material consists of two different phenomena, adsorption and capillary 

suction. Warm air contains more moist than cold air without risk of condensation. Water that 

condensates on a surface can be drawn into the pores, which can lead to cracks when exposed 

to cold air [10]. 

Adsorption is the adherence of vapour molecules to a surface of a component that has a higher 

temperature than the dew point of the medium. It is linked to material, surface condition, and 

the pressure of the vaporized medium. It is also highly dependent on the absorption of the moist 

into the material due to it occurs at the same time and hence changes the surface of the material. 

Diffusion is the movement of water molecules within a material due to different partial 

pressures [13].  
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4 Literature survey 

4.1 Method 

At Scania internal reports and papers on the subject were identified and studied. The author was 

given some papers from the supervisors at Scania at the beginning of the project and then the 

amount of reports and papers grow when references to these papers were investigated.  

The library database at KTH was used as an external source for the external part of the literature 

survey. KTH was chosen due to the access of the author and also because of the large quantity 

of sources it has access to. 

Search words used for the KTH Primo database were: temperature testing, thermal testing, 

cycling test, sun radiation, climate cycling test, environmental testing, temperature gradients 

and automotive climate test.  

4.2 Results 

4.2.1 General testing method 

According to Knälmann the heat transfer in a climate chamber consists of the three phenomena: 

conduction, convection and radiation. When conducting real life measurements sensors of type 

black reference can be used in order to obtain the whole effect from the radiation [4]. In the 

requirements at Scania for electric components the recommended relative humidity and 

corresponding temperature for the electric devices are the same as MAN recommends for cab 

components. The difference is that the total cycling time is increased at MAN. It is 

recommended in the documentation that the functional test and inspection is done within two 

hours from that the DUT (device under test), is removed from the testing chamber [5]. Failures 

in components due to high temperature can be for example change in dimension, discoloration, 

cracking and or crazing of organic materials according to MIL-STD-810F [13].  

4.2.2 Temperatures  

According to MIL-STD-810F [13] temperatures (if not given for the tests) should be taken from 

climate data for respective location of the components, i.e. the environment that the truck is 

intended to be used in. It is also highlighted that the frequency of occurrence must be taken into 

account in order to avoid creating too hard test condition. The probability of low extreme 

temperatures to occur in severe cold areas can be seen in Table 28, together with maximum and 

minimum temperatures for different locations. Where induced temperature seen in the 

Appendix A is when materials are exposed to extreme storage or transit situations.  

The British defence ministry recommends in their standard for military equipment, DEF STAN 

[20], that unventilated components with a higher absorptivity than 60 % should be exposed to 

a maximum temperature of 85°C during testing. The Swedish defence material department 

recommends that military equipment, e.g. ammunition, should be tested for -40°C and 100°C 

[21]. According to the European communication standard, ETS, should the minimum 

temperature for testing of electrical components be -45°C [22]. 

The STANAG 2895 standard describes the different temperature regions around the world. 

According to it there are three defined regions used A1-A3 [23].  
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- A1: Areas with high levels of solar radiation, namely, hot dry deserts of North Africa, 

parts of the Middle East, Northern India and South Western USA. Where the highest 

measured temperature is 58°C. 

- A2: Areas which experience high temperatures accompanied by high levels of solar 

radiation and moderately low humidity, namely, the most southern parts of Europe, most 

of Australia, South Central Asia, Northern and Eastern Africa, coastal areas of North 

Africa, southern parts of USA and most of Mexico. Here the highest measured 

temperature is 53°C.  

- A3: Areas which experience moderately high temperatures and moderately low 

humidity for at least part of the year. It is particularly representative of conditions in 

Europe except the most southern parts, Canada, the northern United States and the 

southern part of the Australian continent. Here the highest measured temperature is 

42°C.  

A map with corresponding temperature zones from STANAG 2895 can be seen in Figure 4. 

 

Figure 4. World map with climate zones according to STANAG 2895 [23]. 

4.2.3 Sun radiation 

For sun radiation Knälmann used an irradiance value of 1120 [W/m2] on exterior located parts, 

but no irradiance was given for interior parts. Instead a temperature surplus of 30°C on interior 

and exterior parts exposed to sun light is recommended [4]. 

In 2005 a sun simulation test of a cab at SP in Borås was made where sun light was applied 

during 1123 h with an ambient maximum temperature of 44 °C. The average value of irradiance 

was found to be between 950-1100 [W/m2] [19]. The result showed a maximum expansion of 

the IP of 5 mm and a maximum IP temperature of 95°C. This test was done in order to simulate 

the proving grounds of temperature test performed at VW in Arizona [19]. At the same institute 

a sun simulation test was performed on a roof hatch, which was exposed for 22 h with an 

average irradiance of 980 [W/m2]. The result showed a maximum exterior temperature of 95°C 

on the roof hatch while the ambient maximum temperature was 36°C [24].  

According to the MIL-STD-810F standard, solar radiation differs from high air temperatures 

because it generates directional heating and therefore additional temperature gradients in the 

component. The amount of heat that is absorbed is linked to the roughness and colour of the 

surface. Three different solar radiation cycles are described in MIL-STD-810F for three 

different zones [13] , A1-A3: 
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- A1: The area has a peak irradiance at 1120 [W/m2]  combined with a temperature of 

49°C which describes the most extreme areas in the world such as dry deserts of north 

Africa, parts of the Middle East, northern India, and the southwestern USA.  

- A2: The area has a peak irradiance at 1120 [W/m2]  combined with a temperature of 

44°C, which can be found in southern Europe, most of Australia, south central Asia, 

northern and eastern Arica, coastal regions of north Africa, south USA and most of 

Mexico.  

- A3: The area has a peak irradiance at 1120 [W/m2]  combined with a temperature of 

39°C, which describes most of Europe, Canada, northern USA and south Australia.  

The published handbook for testing by SP describes that effective irradiance values are 1120 

[W/m2] around the equator, which also is used by the Swedish military for ammunition testing 

[25], and 970 [W/m2] in Scandinavia [10]. Plastic material either softens due to absorbed energy 

from the sun or harden if they are thermosetting resin. The reason to why a thermosetting resin 

does not soften is their cross linked structure in the bonds, which gives higher molecule weight 

and therefore higher melting temperature. The most common damages are due to photochemical 

reactions which causes loss in strength, delicacy and change of the electrical properties. For 

exterior parts the interval of 300-450 nm of wavelength are of interest according to Karlberg 

[10], compared to 350-450 nm for interior parts. This is due to that glass absorbs the shorter 

wavelengths of the radiation [10].  

According to the Swedish defence material department, a test chamber for sun simulation 

should be at least ten times larger than the test object [25]. The cycle should be 8 h of sun light 

and then 16 h of darkness. The temperature of the chamber should be increased linearly under 

6 h to a temperature of 40°C or 55°C. The temperature should then be decreased under 10 h to 

the initial temperature. After completed cycle the component must relax under at least one hour 

and maximum two hours before inspection [25]. A scheme over the recommended testing cycle 

can be seen in Figure 85 in Appendix B. 

4.2.4 Temperature gradients 

In a test performed by Westin at Scania on exterior parts of a cab an average temperature 

gradient of 1°C/min was used both under increase and decrease [26]. During a simulation at SP 

in Borås, Viktorsson used a temperature gradient of 0.3°C/min during both increase and 

decrease of temperature [19]. From gathered data of a NGS truck standing in South Africa the 

largest temperature gradients for different locations inside and outside the truck could be 

calculated. The gradients can be seen in Table 1 which have an average of 1.39°C/min. 

Table 1. Calculated maximum temperature gradients by the author based on data from current measurements in South Africa 

on a NGS Scania truck. 

Location 
RHS 

storage 

Roof 

hatch 

Sun 

visor 

Upper 

bed 

Lower 

bed 

Instrument 

panel 
Pedals 

Uppers 

storage 

Value 

[°C/min] 
0.49 1.62 2.91 1.73 1.25 0.72 0.47 1.93 

 

To avoid thermal shock of the test object the rate of temperature change should not exceed 

3°C/min according to MIL-STD-810F. If one wants to test against thermal shocking the rate 

per minute should be greater than 10°C/min according to the standard. This is applicable for 

high performance vehicles and one outcome is possible deformation due to differential 

contraction or expansion rates of the materials in the system [13].  
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According to the DEF STAN [20] a cycling test, which should cycle between temperatures of 

30°C to an upper level of high temperature should not have a rate of change larger than 3°C/min 

for temperatures up to 30°C. This is to avoid exposing the material for a thermal shock. This 

maximum temperature gradient is also for the same reason recommended by the Swedish 

defence material department, if nothing else is specified for the component under test [21]. At 

achieved upper temperature level the temperature should remain constant for four hours before 

increased to the high level temperature. This increase should be done over minimum six hours. 

The high temperature should then be constant for four hours. The decrease towards the low 

level temperature should take 10 h. If the test is repeated, the component should rest for four 

hours at the low level temperature before starting the increase again [20]. When testing 

electrical equipment the ETS (European telecommunication standard) recommends a 

temperature gradient of 0.5°C/min [22].  

4.2.5 Cycling and duration 

The duration of high temperature tests are recommended to be at least two hours after 

temperature stabilization according to the MIL-STD-810F standard [13]. The number of cycles 

is mentioned as a critical parameter for cycling tests and should for storage test be at minimum 

seven and for operational test at minimum three. If materials or components are determined as 

critical, the number of cycles used should be increased. Recommended temperature cycles for 

three different climate zones can be seen in Appendix B where an explanation to the climate 

zones is given in Appendix A. 

4.2.6 Humidity testing 

The recommended duration of a test in MIL-STD-810F is 48 h per cycle and minimum five 

cycles. A maximum temperature of 60°C and RH 95 % states to be enough in order to find 

potential problems in materials according to MIL-STD-810F [13]. The full recommended 

humidity cycle can be seen in Figure 84 in Appendix B. The material department in the Swedish 

defence suggests a testing period of 24 h with a temperature of 40°C and a RH between 90-

95 %. The component should also rest for at least one hour and maximum two before inspection 

[27]. 

Humidity has no significant effect on high temperature testing in general. The exception is if 

extremely low humidity is combined with high temperature testing according to MIL-STD-

810F [13]. 

4.3 Discussion 

4.3.1 Temperature recommendations 

All military standards that have been checked, recommends at least a minimum temperature 

around -40°C. This agrees very well with the temperature recommended by Knälmann and 

therefore the author does not believe that a new lower temperature needs to be recommended 

as minimum testing temperature. The chance of a cab being exposed to colder temperatures are 

very low, this can for example be seen in Table 28 where the probability of temperatures 

reaching -51°C is only 20 % on the coldest days in the exposed climate zones.  

Regarding maximum temperatures, the recommendations from Knälmann compared to the 

measured values are in the higher region with respect to interior areas exposed to sun radiation. 

For exterior components the recommendations are closer when comparing to South Africa 

measurements and the simulated Arizona tests by SP in Borås. A decrease of the maximum 
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interior temperatures for components exposed to the sun could lead to a more valid real life 

testing. A decrease in the maximum temperature for interior components exposed to the sun is 

also supported by the measurement done in Spain during field tests by Axh at Scania [16]. It 

should be stated that the sun radiation irradiance and the ambient temperature during a field test 

in Spain does not reflect a worst case scenario and therefore should the outcome from such test 

not be directly compared to tests that represents worst case scenarios.  

The possible benefits from a decline of maximum temperature could for example be change of 

material, which could lead to lower costs. There is also a probability that the lower temperatures 

could lead to shorter chamber tests, hence possible cost reductions and environmental gain.  

4.3.2 Temperature measurements from Arizona versus South Africa 

When comparing the measured temperatures between Arizona and South Africa one can see a 

clear pattern of lower maximum temperatures in South Africa. One explanation to this is of 

course that the measurements in Arizona was done in a car and the ones from South Africa was 

made in a truck. Despite of that, both the exterior measurements and the interior ones that are 

not exposed to the sun are similar. The largest difference occurs on the IP where there is a 

temperature difference of more than 50°C. The angle of the windshield and its effect on the 

reflection of the sun light is one possible explanation to these results. Another one is the larger 

volume of the cab in combination with a higher distance from the ground. The higher distance 

from the ground enables larger heat transfer from the cab through convection due to the 

possibility of a more turbulent air flow. The heat transfer to the cab via radiation from the 

surface is also decreased since the distance is increased.  

4.3.3 Sun radiation 

A value of irradiance at 1120 [W/m2] seems reasonable to use as the trucks from Scania are 

used all over the world and hence needs to be tested for the worst case. The estimation of 30°C 

as a surplus to the maximum temperature of sun exposed test components by Knälmann is 

according to the author in the extremities. The estimation is believed to be more correct when 

applied to cars were the wind screen has a larger angle. The simulation results by SP Borås 

showed a maximum temperature of 95°C at the IP, which is a vulnerable component with 

respect to the sun. A lower estimation of the surplus would also agree more well with the 

measurements of a cab in South Africa, where no temperatures over 90 °C were measured. 

From the field tests in Spain conducted by Lars Andersson [28] one can see that the temperature 

on an IP cover exposed to sun light can rise to twice the ambient temperature outside the cab. 

This shows the effect of the sun radiation but here one needs to address the reflection of the 

windshield as well, to be able to estimate any surplus temperature. In order to draw conclusion 

regarding a surplus estimation more testing/simulations and/or measurements needs to be done 

according to the author. 

If one turns the testing procedure around and first measures the actual temperatures in some 

locations of the cab one could then calibrate the irradiance value from them. Meaning that one 

applies irradiance until the measured temperatures are reached. One would then know when 

one simulates with the correct value of irradiance. 

4.3.4 Temperature gradients 

The data and knowledge gathered through the literature survey is not enough in order to draw 

conclusions regarding temperature gradients according to the author. The specified temperature 

gradients from MAN differs some from the one used by Scania. Similarities between the 
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companies can be seen because both allow for different temperature gradient if the testing 

chambers are not able to reach to recommended ones. A decrease or increase in the temperature 

during testing will have direct effect on the forces at the boundaries of the components, 

especially those who´s boundaries are to another material. The slope effects the heating of the 

component, which effects the expansion, thus directly effects the boundary forces during the 

heating and cooling phase. Therefore it is important that the gradients reflects the real life as 

well as possible. From the military standards one can draw the conclusion that temperature 

gradients above 3°C/min are not recommended due to that these would represent thermal 

shocks, which is not the physical phenomena one wants to test in EECT. As seen in Table 1 the 

maximum gradients can differ between the locations on the truck where the highest one is to 

the border of thermal shock at 2.91 C°/min. The author recommends that the gradient should 

be based on measured data either from field tests, as seen in Table 1, or simulations/testing 

where upper limits should be based on the military standards.  

4.3.5 Cycling and duration 

From the military standards the minimum number of cycles for storage tests are seven, which 

according to the author is a reasonable lower limit. Due to that the number of cycles have large 

impact on the outcome, it is crucial not to set this limit without testing or simulation of worst 

case scenarios. The approach by MAN with shorter cycles but with increased number instead 

may not according to the author reflect the real life as well as the method used by Scania. This 

is due to that the rapid temperature changes in cycles with short periods will effect systems with 

different materials more than a cycle with longer periods. Components where a plastic material 

have boundaries to a metallic one will show large temperature differences for short periods due 

to the higher thermal conductivity of the metal part compared to the plastic one. If one were to 

plot the average temperatures in such component for shorter cycles one would observe similar 

values compared to longer cycles, but the minimum and maximum peaks would differ more, 

due to the higher thermal conductivity of metal. 

4.3.6 Humidity testing 

The humidity testing method recommended by Knälmann [4] agrees well with military 

recommendations except that the time period can be seen as little short. An increase of the 

temperature would enable more saturation of moist in the materials but would possible not 

reflect on real life conditions. The author believes that most of the trucks will not endure more 

than 12 h humid conditions in real life due to that the up-time of the trucks are of great 

importance for the owners and therefore trucks will be used frequently which will give the 

possibility of change in climate.  

To be able to draw clear conclusions and recommendations regarding humidity and 

temperatures the author believes that measurements on trucks in real life scenarios in the most 

extreme climates should be done. 

 

  



17 

 

5 Interviews 

5.1 Method 

Interviews were conducted in order to get further input to the subject of temperature testing. 

The interviews were done with the following candidates: 

- Urban Kalman, RTGC, Scania 

- Hannes Berg, UTMR, Scania 

5.2 Results 

In this section all input from conducted interviews and discussions are presented when 

participants have agreed to it. 

According to Kalman at Scania the most extreme temperatures are for some cab components 

during a summer field test measured when a heat stop is conducted. A heat stop is when the 

truck is driven under heavy duty and then immediately shut off. An unofficial name for this is 

according to Kalman “heat soak”.  

When RTGC conducts summer field tests simulation in CD 7 at Scania no sun light simulation 

is applied. Regarding heating due to radiation in a cab compared to a personal car, the angle of 

the windshield protects the cab better, which would in general lead to lower temperatures inside 

the cab. For stresses in the materials the important temperature measurement is the temperature 

inside the material and not the one on the surface of it. The sun light simulation will rise the 

temperature on the surface and hence increase the temperature inside the material according to 

Kalman.  

Plastic material in general have a lower thermal conductivity than metals according to Hannes 

Berg. If one uses too high temperature gradients when testing plastic materials in combination 

with metallic materials, then one will get metallic components that is homogenous in their 

temperature compared to a heterogeneous temperature distribution in the plastic material. 

Heterogeneous temperature distribution gives rise to high stresses in plastic materials.  

Plastic materials absorbs water from the air which leads to both swelling and change in the 

mechanical properties. If the material is exposed to high temperature it will dry out. Therefore 

a temperature cycle should have the coldest climate directly after the humidity period in order 

comprehend the effects of absorbed water. An example of the effects can be the rise of cracks 

in the materials due to that the water will expand when frozen. The time the absorption takes is 

material dependent, were polyamide is one of the fastest to absorb and polypropylene one of 

the slowest according to Hannes Berg.  

5.3 Discussion 

The two interviews conducted at Scania pointed out problem areas of the temperature climate 

tests that was already known, but gave a deeper knowledge regarding how for example field 

test simulations are done in CD 7 at Scania. This lead to the discussion that extra temperature 

sensors were to be placed during one of these tests in and around a cab in a test in early 2016. 

More about this test conducted by the author in cooperation with Urban Kalman can be read in 

Section 7.1.2. 
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6 Simulations in COMSOL Multiphysics 

6.1 Method 

6.1.1 Heat convection coefficient 

One of the most uncertain parameters to determine for the simulations is the heat convection 

coefficient between the material and the surrounding medium, in this case air. According to the 

work of Tomas Åström [29] an average heat transfer coefficient of 5.5 [W/m2K] can be used 

for a case of natural convection, which the testing in the heat chamber can be simplified as. The 

parameter can also theoretically be determined, which the author will give an example of in this 

section. The heat transfer coefficient for natural convection over a flat plate with a given 

geometry can be calculated according to Åström [8] as:  

 ℎ𝑥 =
𝑁𝑢𝑥𝑘𝑓

𝐿
 (22) 

 

In which 𝑘𝑓  is the thermal conductivity of the medium, L the characteristic length, x the 

corresponding position along the plate, and 𝑁𝑢𝑥 the respective Nusselt number at x position 

along the flat plate. For free convection over a flat plate an average Nusselt number can be 

calculated for a heated top surface or a cooled bottom surface as: 

 𝑁𝑢𝐿 = 0.54𝑅𝑎𝐿
1/4

 (23) 

   

If instead the flat plate has a heated bottom surface and a cooled top surface the Nusselt number 

is given by: 

 𝑁𝑢𝐿 = 0.27𝑅𝑎𝐿
1/4

 (24) 

 

In which 𝑅𝑎𝐿 is the average Reynolds number. The difference between the top and the bottom 

surface is based on the entrapment of the medium on the cold side and the outflow of the 

medium on the top side. This is valid when one has a warmer component than the surrounding 

medium. If the medium instead heats the component the effect works the other way around. 

The Reynolds number yields as: 

 𝑅𝑎𝐿 =
𝑢𝐿

𝜇
 (25) 

 

The velocity of the surrounding medium is 𝑢, 𝜇 is the dynamic viscosity of the medium and L 

is the characteristic length of the plate which is defined as [8]: 

 𝐿 =
𝑃𝑙𝑎𝑡𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎

𝑃𝑙𝑎𝑡𝑒 𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
  (26) 

 

If the flow over the entire plate is laminar the average heat transfer coefficient for the plate can 

be calculated as:  
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 ℎ𝐿 ̅̅ ̅̅ =
1

𝐿
∫ ℎ𝐿𝑑𝐿 = 2ℎ𝐿

𝐿

0

 (27) 

6.1.2 Simulation of a 30°C temperature surplus as simplified sun case in 8 h 

The simulations presented in Sections 6.1.2, 6.1.3 and 6.1.4 were done with respect to Goals H 

and J of the Master thesis. The goals were simplified by the author to only investigate the effect 

of an increased surface temperature, thus a simplification of a sun radiation case. This was done 

since Goals H and J were not prioritized in the thesis.  

In order to investigate the effect of radiation on plastic surfaces in a cab, simplified simulations 

were done where the top surface of a geometry was set to have a higher temperature, 𝑇ℎ𝑖𝑔ℎ𝑡𝑜𝑝
, 

than the surrounding temperature of the air, 𝑇ℎ𝑖𝑔ℎ𝑎𝑖𝑟
. This was to simplify the effect of sun 

radiation on a top surface and thus investigate if the surplus temperature by Knälmann [4] was 

reasonable. For comparison without applied top surface temperature, simulations were 

performed with the air temperature set to 𝑇ℎ𝑖𝑔ℎ𝑡𝑜𝑝
. In both simulations the initial temperature 

was 𝑇𝑐𝑜𝑚𝑝𝑠𝑡𝑎𝑟𝑡
. All temperature boundary conditions are displayed in Table 2. 

Table 2. Temperature boundary conditions for simplified sun radiation simulation based on the work by Knälmann [4]. 

Temperature Value [°C] 

𝑇𝑐𝑜𝑚𝑝𝑠𝑡𝑎𝑟𝑡
 20 

𝑇ℎ𝑖𝑔ℎ𝑎𝑖𝑟
 80 

𝑇ℎ𝑖𝑔ℎ𝑡𝑜𝑝
 110 

 

To be able to draw conclusions about effect of geometry, both the height and the depth of the 

geometry were set to a range between 0.01 m to 0.1 m with a step of 0.02 m. The width was 

chosen to a constant value of 0.5 m. The thermal and mechanical properties of the material 

which was chosen to ABS plastics for the simulations can be found in Table 3. 

Table 3. Thermal and mechanical properties of ABS plastic [29-31]. 

Property Name Value Unit 

Thermal conductivity k 0.15 [W/(m K)] 

Density 𝜌 1050 [kg/m3] 

Heat capacity Cp 2000 [J/(kg K)] 

Young´s modulus  E 2.34 [GPa] 

Poisson’s ratio 𝜈 0.35 [-] 

Heat convection h 5.5 [W/(m2 K)] 

 

The heat convection value was chosen to 5.5 which Åström used in a similar case [29]. The 

radiation from the component was also taken into account for all simulations. The emissivity 

of the component was estimated to the one of a plastic black body, which according to Thermo 

Works can be set to 0.94 [30]. The heat radiation per unit time, q [W], was calculated with help 

of equations (1) and (3) before the decision to take it into account was done. 

The mechanical boundary conditions were set to free for the simulations, meaning that the 

component was free to move and deform in all directions. An extra fine physics controlled mesh 

with increased scaling with 0.5:1:2 (x:y:z) was chosen for the simulations in order to obtain as 

high accuracy as possible. The mesh used can be seen in Figure 5.  
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Figure 5. Extra fine physics controlled mesh used in the simplified sun case simulations. 

6.1.3 Simulation of a 30°C temperature surplus as simplified sun case with increased 

resolution 

Since the first results from the simulation of the 8 h high temperature climate tests showed that 

the component was warmed faster than expected, a decision was made to simulate the first hour 

with higher resolution. The geometry was chosen to be a parametric sweep once again but in 

difference to the first simulation only the height was changed between 0.001 m to 0.01m with 

a step of 0.002m. The material parameters can be seen in Table 3 and the temperatures on the 

boundaries in Table 2.  

The mesh of the geometry was changed in order to achieve higher resolution of the results. The 

chosen mesh was a physics controlled extremely fine mesh which was scaled with 0.5:2:6 

(x:y:z). A cross section of the mesh can be seen in Figure 6. 

 

Figure 6. Cross section of the free tetrahedral mesh used for simulations of a 30°C temperature surplus as simplified sun 

case with increased resolution in z-direction. 

6.1.4  Simulation of a 10°C temperature surplus as simplified sun case with increased 

resolution 

An additional simulation with lower maximum temperature than the one in Section 6.1.3 was 

performed to investigate if the results would be the same with a lower temperature difference. 

The method chosen for the simulation was the same as previous and the new temperature 

boundaries are listed in Table 4. 

Table 4. Temperature boundary conditions for simplified sun radiation simulation. 

Temperature Value [°C] 

𝑇𝑐𝑜𝑚𝑝𝑠𝑡𝑎𝑟𝑡
 20 

𝑇ℎ𝑖𝑔ℎ𝑎𝑖𝑟
 80 

𝑇ℎ𝑖𝑔ℎ𝑡𝑜𝑝
 90 

 

The mesh used was as previously a physics controlled mesh with extremely fine elements. 

These elements were scaled with 0.5:3:7 (x:y:z). A higher resolution of the mesh compared to 
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the previous simulation was chosen due the lower temperature difference. A figure of the mesh 

is displayed in Figure 7. 

 

Figure 7. Cross section of the free tetrahedral mesh used for simulations of a 10°C temperature surplus as simplified sun 

case with increased resolution in z-direction. 

6.1.5 Choice of component and preparations for the main simulations 

The choice of component was based on three restrictions. It should be a small component, it 

should be a component from the current truck series and it had to be partly exposed to sunlight. 

These restrictions lead to the door handle on the NGS truck. It was small enough for the 

simulations to work and the upper side is through the window exposed to sunlight. The position 

of the door handle in the NGS truck can be seen in Figure 8. 

 

Figure 8. Position of door handle in the NGS truck. 

The imported CAD-file of the door handle can be seen in Figure 9. 

 

Figure 9. Imported CAD-file before changes for simulations. 

Since the details of the geometry were very fine, the model was somewhat adapted before the 

simulations occurred. The results from the adaption can be seen in Figure 10, where for example 

the holes on the rear side along with several fillets, edges and small faces, were chosen to be 

deleted. This was done in order to simplify the mesh and thereby enhance the simulation 

capability. In order to achieve similar boundary conditions for the handle in the simulations as 



22 

 

it has in the door a metal fixture was built. The drawing of the structure can be found in 

Appendix C and the material properties are displayed in Table 6.  

 

Figure 10. Door handle up front and side view after modifications for simulation. 

To be able to run the simulations a divided meshing between the two solids was chosen, where 

a finer one for the door handle and a coarser one for the structure was used. This resulted in 

almost 1.5E6 mesh elements instead of over 4E6 elements that there would have been if the 

finer mesh would have been used for the whole structure. The chosen and built meshes are 

displayed in Figure 11. 

 

Figure 11. Mesh of door handle and structure used for the different temperature gradient simulations. 

6.1.6 Simulation of door handle to investigate effect of temperature gradient 

To study the effect of different temperature gradients, three simulations were performed where 

the temperature increase was changed between 0.5°C/min, 1°C/min and 2°C/min. One example 

of one of the temperature gradients can be seen in Figure 12. 
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Figure 12. Simulated temperature over time for temperature gradient test with 1°C/min in increase and decrease of 

temperature, resolution was one point every 10 min. 

The same material as in the handle was used in the simulations. The material and physical 

properties of polyamide 6 Akulon K224-G6 can be seen in Table 5 along with the properties 

for the structure in Table 6. 

Table 5. Thermal and mechanical properties of polyamide 6 Akulon K224-G6 [30-31]. 

Property Name Value Unit 

Thermal conductivity k 0.23 [W/(m K)] 

Density 𝜌 1350 [kg/m3] 

Heat capacity Cp 1380 [J/(kg K)] 

Young´s modulus  E 9.5 [GPa] 

Poisson’s ratio 𝜈 0.35 [-] 

Heat convection h 5.5 [W/(m2 K)] 

Emissivity 𝜀 0.94 [1] 

Thermal expansion 𝛼𝑒 0.2E-4 [1/K] 

 

Table 6. Thermal and mechanical properties of steel 1312 [32-33]. 

Property Name Value Unit 

Thermal conductivity k 52 [W/(m K)] 

Density 𝜌 7850 [kg/m3] 

Heat capacity Cp 470 [J/(kg K)] 

Young´s modulus  E 205 [GPa] 

Poisson’s ratio 𝜈 0.29 [-] 

Heat convection h 5.5 [W/(m2 K)] 

Emissivity 𝜀 0.6 [1] 

Thermal expansion 𝛼𝑒 11.8E-6 [1/K] 

 

6.1.7 Simulation of door handle to investigate effect of period length 

To achieve Goal F, simulations for different period lengths were conducted. All simulations 

were done over 10 cycles. The chosen configurations are presented in Table 7. 
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Table 7. Configurations for simulations of period length. 

Configuration  Time in -40°C [h] Time in 80°C [h] Cycles 

1 2 4 10 

2 3 6 10 

3 4 8 10 

4 5 10 10 

 

A finer resolution, with one calculation each 5 min, of the calculated points were used compared 

to the simulations in Section 6.1.6, otherwise all parameters used were the same and can be 

seen in Table 5 and Table 6. The temperature gradient was 1°C/min for all four simulations. 

6.2 Results  

6.2.1 Heat convection coefficient 
The values used for the calculation of the heat convection coefficient can be seen in Table 8. 

Table 8. Values for heat convection coefficient calculation [31]. 

Parameter of air Value 

𝜌 0.943 [kg/m3] 

𝜇 2.181E-5 [kg/(m s)] 

𝑘𝑓 3.186E-2 [W/(m °C)] 

v 1 [m/s] 

Plate surface area 0.22 [m2] 

Plate perimeter 1.2 [m] 

 

Thus the heat convection coefficient on the top surface was calculated to 1.77 and on the bottom 

surface to 0.89.  

6.2.2 Simulation of a 30°C temperature surplus as simplified sun case in 8 h 

The results of the calculated heat radiation per time unit, during the assumption that the 

component can be seen as a black plastic body, displayed that the heat radiation per unit time 

was at maximum temperature difference, 90°C, 5.33 [W/m2]. Due to this result, radiation was 

taking under consideration in the simulations. 

The average temperature in the whole component from the simulations for a height of 0.09 m 

and 0.01 m can be seen in Figure 13 and an example of the simulation can be seen in Figure 14. 

 

Figure 13. Average temperature over time. 
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Figure 14. Simulation of full geometry with 110°C all around (left) and 110°C on top surface with 80°C around (right).  

The deviation between the maximum and the minimum temperature in the component for the 

simulated time can be seen in Figure 15. 

 

Figure 15. Deviation between the maximum and the minimum temperature for the 8 h sun case with a surplus temperature of 

30°C. 

6.2.3 Simulation of a 30°C temperature surplus as simplified sun case with increased 

resolution 

The average temperature in the whole component from the simulations for a height of 0.009 m 

and 0.001 m can be seen in Figure 16 and examples of the simulation can be seen in Figure 17. 

 

Figure 16. Average temperature in the component over time. 
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Figure 17. Simulation of full geometry with 110°C all around (left) and 110°C on top surface with 80°C around (right). 

The deviation between the maximum and the minimum temperature in the component for the 

simulated time can be seen in Figure 18. 

 

Figure 18. Deviation between the maximum and the minimum temperature for the 1 h sun case with a surplus temperature of 

30°C. 

 

6.2.4 Simulation of a 10°C temperature surplus as simplified sun case with increased 

resolution 

The average temperature in the whole component from the simulations for a height of 0.009 m 

and 0.001 m can be seen in Figure 19 and examples of the simulation can be seen in Figure 20. 

 

Figure 19. Average temperature in the component over time. 
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Figure 20. Simulation of full geometry with 90°C all around (left) and 90°C on top surface with 80°C around (right). 

The deviation between the maximum and the minimum temperature in the component for the 

simulated time can be seen in Figure 21. 

 

Figure 21. Deviation between the maximum and the minimum temperature for the 1 h sun case with a surplus temperature of 

10°C. 

 

6.2.5 Simulation of door handle to investigate effect of temperature gradient 

The total displacement on the whole component after each simulation can be seen in Figure 22 

and an example of the simulated temperature can be seen in Figure 12. 

 

Figure 22. Displacement due to thermal load at the end of each simulation for temperature gradient testing, in order from the 

left 0.5°C/min, 1°C/min and 2°C/min. 

For the evaluation of the simulations the author has decided to show the temperature on a 

frontline across the door handle, the strain on a rear surface, the displacement of a side edge 

and the displacement v, in the y-direction, of a small surface centred on the rear surface. These 

measurement points are presented in Figure 23. 
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Figure 23. Measurement points for the simulation of different temperature gradients. Frontline (A), side edge (B), rear 

surface (C) and small surface on rear surface, inside the red circle, (D). 

The temperature over time on the front line together with the strain on the rear surface are 

displayed in Figure 24.  

 

Figure 24. Temperature on front line (left=A) and strain on rear surface (right=C) over time for different temperature 

gradients. 

The average total displacement of the side edge together with the average displacement field 

vector v of the small rear surface can be seen in Figure 25. 

 

Figure 25. The average displacement of the side edge (left=B) and the average displacement of the v component in the 

displacement vector (right=D) of the small surface on the rear. 

Since one common way to control temperature chambers are throuh the temperature of the air 

inside it and not the actual temperature of the test object. The author therefore decided to 

evaluate how well the temperature of the component follows the temperature of the sourrunding 
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air with respect to time for the different temperature gradients. The time when the temperature 

on the front line was more than 76.85°C can be seen detailed in Table 9 for the three 

configurations of the temperature gradient. A schematic figure of how the values were taken is 

seen in Figure 26. 

 

Figure 26. Schematic figure of how the values to the time duration for the evaluation of different temperatures were 

calculated. 

The temperature of 76.85°C was chosen since it equals 350 K, which is the unit that the 

simulations were done in. The level of 350 K was chosen because it was a limit that was under 

most of the oscillations and therefore could be measured reliable. The same reason applies to 

why -37.15°C was chosen as lower limit. 

Table 9. Duration of period of front line with temperature over 76.85°C for all cycles. 

Cycle 2°C/min [h] 1°C/min [h] 0.5°C/min [h] 

1 3.66 3.87 3.87 

2 3.87 3.87 3.87 

3 3.66 3.66 3.87 

4 3.87 3.87 3.87 

5 3.87 3.87 3.87 

6 3.66 3.87 3.87 

7 3.87 3.87 3.50 

8 3.87 3.87 4.00 

9 3.87 3.87 4.00 

10 3.87 3.87 4.00 

 

The corresponding evaluation was also done for the cold region of the test, where the minimum 

temperature was chosen to be -37.15°C. The results are displayed in Table 10. 

Table 10. Duration of period of front line with temperature below -37.15°C for all cycles. 

Cycle 2°C/min [h] 1°C/min [h] 0.5°C/min [h] 

1 1.66 1.66 1.87 

2 1.66 1.50 1.66 

3 1.66 1.66 1.87 

4 1.66 1.66 1.66 

5 1.66 1.66 1.87 

6 1.66 1.66 1.87 

Time 

Temperature 

76.85°C° 

-37.15°C° 
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Cycle 2°C/min [h] 1°C/min [h] 0.5°C/min [h] 

7 1.66 1.66 1.87 

8 1.50 1.66 1.87 

9 1.66 1.50 1.87 

10 1.66 1.66 1.70 

 

6.2.6 Simulation of door handle to investigate effect of different period lengths 

The evaluation of the temperature simulations regarding different period lengths is represented 

as the results from the temperature gradient simulations in Section 6.2.5. The total displacement 

on the whole component after last section of heating for all four different period configurations 

can be seen in Figure 27. 

 

Figure 27. Displacement due to thermal load at the end of last heating for each simulation of the period testing, in order 

from the left 2h4h, 3h6h, 4h8h and 5h10h. 

The temperature over time on the front line together with the strain on the rear surface are 

displayed in Figure 28. 

 

Figure 28. Temperature on front line (left=A) and strain on rear surface (right=C) over time for different temperature 

periods. 

The average total displacement of the side edge together with the average displacement field 

vector v of the small rear surface can be seen in Figure 29. 
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** 

Figure 29. The average displacement of the side edge (left=B) and the average displacement of the v component in the 

displacement vector (right=D) of the small surface on the rear. 

To evaluate the effect from period testing on the strain in the component the author decided to 

plot the strain of the front line for all four configurations. This can be seen in Figure 30. 

 

Figure 30. Average strain on the front line of the component for all four configurations of the period simulations. 

The results from the simulations of the different period lengths displayed in the plots are hard 

to distinguish from each other. To display the results better the results of the strain range for all 

configurations from both the rear surface and the front line, which are displayed in Figure 28 

and Figure 30, can be seen in Table 11. 

Table 11. Table with maximum strain range for the rear surface and the front line for all period configurations and cycles. 

Parameter\Cycle 
1  

[E-6] 

2 

[E-6] 

3 

[E-6] 

4 

[E-6] 

5 

[E-6] 

6 

[E-6] 

7 

[E-6] 

8 

[E-6] 

9 

[E-6] 

10 

[E-6] 

Strain range rear 

surface 2h-4h 
7327 7327 7325 7329 7330 7332 7329 7328 7327 7330 

Strain range rear 

surface 3h-6h 
7327 7324 7323 7324 7318 7317 7320 7321 7315 7333 

Strain range rear 

surface 4h-8h 
7341 7346 7339 7330 7338 7328 7326 7324 7318 7339 

Strain range rear 

surface 5h-10h 
7352 7329 7336 7330 7335 7335 7331 7319 7320 7345 
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Parameter\Cycle 
1  

[E-6] 

2 

[E-6] 

3 

[E-6] 

4 

[E-6] 

5 

[E-6] 

6 

[E-6] 

7 

[E-6] 

8 

[E-6] 

9 

[E-6] 

10 

[E-6] 

Strain range front 

line 2h-4h 
8723 8723 8730 8735 8715 8721 8714 8714 8715 8715 

Strain range front 

line 3h-6h 
8715 8720 8715 8720 8715 8718 8717 8716 8709 8709 

Strain range front 

line 4h-8h 
8715 8722 8725 8722 8716 8719 8717 8722 8718 8726 

Strain range front 

line 5h-10h 
8726 8720 8721 8722 8723 8723 8721 8715 8728 8727 

 

The results displays a clear trend that no significant change other than the computational error 

can be seen between the configurations and the cycle. The maximum difference in strain range 

is below 0.5 %.  

6.3 Discussion 

6.3.1 Heat convection coefficient 

The author choose to use a heat convection coefficient of 5.5 that was also used by Åström and 

Carlsson for a similar case [29]. The reason to why not the calculated heat transfer, or an average 

of it, was chosen was because of that the velocity of the medium around the component could 

not be reliable determined, which would thereby (through the Reynolds number) effect the heat 

transfer coefficient. In addition, the author believes the calculated heat convection values to be 

in the lower range of the real value. This is based upon the recommended value of 4.33 by 

Lienhard [9]. His recommendation is for gases with natural convection and a temperature 

difference between the gas and the solid of 30°C.  

6.3.2 Simulation of a 30°C temperature surplus as simplified sun case in 8 h 

The results from the first simulation, which one can see in Figure 13 and Figure 14, shows a 

clear difference of the temperature distribution between the simplified sun radiation case and 

the realistic one. The average temperature in the geometry differs with up to 20.76°C between 

the simplified case and the ideal real case for the largest geometry. This difference decreases to 

8.41°C for a height of 0.01 m. The rapid increase of the temperature in the beginning indicates 

the importance of this period. The deviations between the maximum and the minimum 

temperatures are large for both geometries throughout the time period as well, see Figure 15. 

The large temperature difference implies a large difference in stress between the configurations. 

Due to the results the author decided to simulate the first hour with higher resolution and with 

decreased height range. The height was chosen to the range of 0.001 m to 0.009 m since this 

range represent most of the components in a truck better than the previous range. 

6.3.3 Simulation of a 30°C temperature surplus as simplified sun case in 1 h with 

increased resolution 

The simulations over the first hour displays that for very thin geometries, around 1 mm, the 

difference between a simplified case and the real case can almost be neglected. The temperature 

difference between the cases are nearly zero after only 10 minutes. The results also displays the 

nonlinearity between the temperature increase and the change of height in the geometry. This 

is seen in Figure 16, where a factor nine on the height contributes to a factor four on the time 

to where the temperature increase can be considered stable. The conclusion that the difference 
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can almost be neglected for the thinnest, 1 mm, configuration is supported by the difference 

between the minimum and maximum temperature as well, see Figure 18. 

6.3.4 Simulation of a 10°C temperature surplus as simplified sun case in 1 h with 

increased resolution 

The same behaviour as discussed in Section 6.3.3 was seen when conducting the same 

simulation but with a lower maximum temperature. The results confirms the authors suspicion 

that an ideal sun case can be substituted with a simplified one, as conducted in the simulations 

for simple geometries with a height up to 0.009 m when the temperature difference is below 

10°C. This is supported by the much lower difference between the maximum and the minimum 

temperature in Figure 21 as well when compared to the difference obtained of a 30°C of surplus 

in Figure 15. It should be pointed out that this can only be seen as valid on geometries where 

the surface area exposed to the higher temperature has a high ratio to the total surface. 

6.3.5 Preparation of CAD-file of door handle to be able to do simulation 

As presented in Figure 11 a finer mesh was chosen for the door handle but not for the structure 

behind it. This was done because it saved the amount of mesh elements with almost a factor 

three. The largest difference with the simplified mesh is that the amount of elements on the 

depth in the structure is reduced to three instead of being more than five as in the door handle, 

see Figure 11. This effects the temperature distribution during the simulations but the author 

believes that the differences can be neglected due to that the direction of major interest is the 

one along with the length of the structure. This because it creates the majority of the expansion 

due to the temperature, which causes the maximum stresses and strains on the door handle. 

6.3.6 Simulation of door handle to investigate effect of temperature gradient 

As seen from the results of the temperature gradient simulations the same behaviour is shown 

in Figure 24 and Figure 25. This was expected due to that both the strain and the displacement 

are dependent on the temperature of the component. From Table 9 and Table 10 one can see 

the duration of low and high temperature of the components front line for each period in each 

cycle. The results shows that a difference between a temperature gradient of 1°C/min and 

2°C/min can be almost neglected for a period time of two hours as seen in Table 10. One can 

also see that a temperature gradient of 0.5°C/min almost achieves a complete duration of set 

temperature span for longer periods, four hours, but not for shorter ones, two hours. It should 

be stated that the resolution of the simulations could have affect the results and therefore for 

example the comparison between the 1°C/min and 2°C/min simulations for cold temperatures 

may not be accurate. The resolution and the computational error are also reasonable 

explanations to why one can see differences between the different cycles. The author on the 

other hand believes that the difference between the results for the 1°C/min configuration 

compared to the 0.5°C/min configuration are large enough in order to determine the trend the 

results show. This trend gives the possibility to increase the gradient of the temperature to 

2°C/min and compensate the loss in time with longer periods. For example if one would 

increase the slope to 2°C/min and at the same time increase the period length with 15 min one 

would save roughly 10 hours during a test of 10 cycles. This could be further investigated in 

order to gain as much time as possible. 

6.3.7 Simulation of door handle to investigate effect of period length 

The results from the simulations of different period lengths shows that the component needs at 

least three hours to reach a constant value of strain and deformation. This phenomena can be 

seen in Figure 28 to Figure 30. The simulations displays no clear difference in the obtained 
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values of either deformation, temperature or strain for configurations 2-4, see Table 7. The 

strain on the door handle was analysed both on the front and rear side due to that the first results 

showed an unexpected large difference between the strain during the warm and cold 

temperature, see Figure 28. The author believes this difference can be explained by the 

geometry of the component, since this phenomena could not be seen on the front line, see Figure 

30. The explanation to why no differences could be seen over time in Table 11 is probably 

according to the author due to the usage of a linear elastic model in COMSOL Multiphysics. 

For a more detailed discussion regarding this topic see Section 6.3.9.a 

6.3.8 Simulation of door handle to investigate effect of number of cycles 

The author decided not to do any special investigation regarding the number of cycles in the 

temperature test with help of the simulations. The reason is that the results from the temperature 

gradient and period simulations did not show any clear trend regarding impact of cycle 

numbers. According to the author the linear elastic simulation model cannot fully cope the 

complexity of the system and therefore chooses to draw no conclusions from the simulations 

regarding number of cycles. 

6.3.9 Material model used for the simulations and future work 

In the first simulations that had the aim to investigate the effect of a simplified sun radiation 

case on different geometries, a linear elastic material module was used in the simulations. This 

is a simplification due to that the plastic material in the door handle is partly viscoelastic, which 

means that their deformation pattern will change over time. In other words the shear rate of the 

viscous component of the material is a function of the shear stress applied. Another physical 

phenomena is that a viscous medium will free energy when a force is applied and then removed 

from it [12]. The effect of neglecting this for the first simulations will not, according to the 

author, influence the outcome of the simulations due to that all boundary conditions were free-

free and only the temperature distribution was studied. This will only have a consequence when 

strains, deformations and stresses are studied. Unfortunately because of time restrictions the 

linear elastic module was also used for the simulations that investigated the effect of 

temperature gradient, period lengths and number of cycles. Four of the most common material 

models can be seen in Figure 31. 

 

Figure 31. Stress versus strain curves made by the author that illustrates different material types. 

The viscoelastic behaviour of the material can be mathematically represented with help of either 

Voigt/Kelvin model, the Maxwell model or with the Standard Linear Solid model. According 

to Vincent [32] neither the Voight/Kelvin model nor the Maxwell are suitable when one wants 
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to model creep or stress-relaxation in a material. A schematic figure of the three models is 

displayed in Figure 32. 

 

Figure 32. Three material models for the behaviour of a viscoelastic material [32]. 

As earlier stated the author used a linear elastic model to simulate the behaviour of the material 

in the component, but recommends for future work that a viscoelastic model is used instead. In 

addition to the usage of a viscoelastic model it can also be interesting in future work to compile 

a comparison between for example the three different models in Figure 32. In addition to a 

viscoelastic model, the creep in the material could also be taking into account in simulations in 

future work. If one for example would simulate the creep behaviour of a linear viscoelastic solid 

one would have a relationship between stresses and strains similar to the one featured in Figure 

33. 

 

Figure 33. Stress-strain relationship with creep modelling for a viscoelastic material [32]. 

The behaviour represented in the figure agrees well with the results from the component testing 

in Section 7.2.1., which according to the author points out the need of a more detailed model to 

fully be able to study the material behaviour through simulations. 

A simplified solution to the simulation of creep in the material for future work could also be to 

use measured data from testing. One example is the work by Nakazato and Zhu which could be 

used as reference values for the creep rate in the material [33]. In their paper the strain rates of 

nylon 6, a modification of polyamide 6, have been measured over time for different load cases. 

Their work displays a creep rate around 1E-6 to 1E-7 dependent on the load in room temperature. 

In the work by Yang, Zhang, Schlarb and Friedrich it is concluded that the creep rate of polymer 

materials is temperature dependent [34]. The results in their paper indicates that the creep rate 

can decrease with up to a factor four for a polyamide material with the temperature 80°C 

compared to 23°C, if the stress applied is below 20 MPa, hence the material according to their 

results behaves viscoelastic. With an increased load the material performs more and more non-

linear and the creep rate increases instead with up to around 20 % for a temperature change 

from 23°C to 80°C. The author recommends that the simulations are performed at first with a 
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constant creep rate but are if possible implemented with a temperature dependent creep rate. In 

order to achieve this the creep rate dependence for decreased temperature needs to be 

investigated as well.   
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7 Experimental testing 

7.1 Method 

7.1.1 Component testing of door handle for temperature gradient, length of periods 

and number of cycles 

To achieve higher reliability and to evaluate if the simulations were possible to correlate with 

real testing, Goals G and I, component testing was done in the material lab at Scania. The same 

door handle as used in the simulations was chosen and strain sensors were placed on seven 

positions of the handle and its structure. The structure was made of the same material as used 

in the simulations. The door handle before strain sensors were applied, with positions, can be 

seen in Figure 34 and after with strain sensors in Figure 35. 

 

Figure 34. Door handle and structure with strain sensor positions. 

 

Figure 35. Door handle with 6 mm strain sensors mounted. 

Two different types of temperature compensated sensors were used since the plastic handle 

needed special strain sensors. Data of the sensors are displayed in Table 12. 

Table 12. Data of strain sensors used in the tests. 

Parameter\Sensor Plastic  Metal 

Gauge type GFLA-6-350-70 FLA-6-11 

Gauge factor 2.14 [-] 2.12 [-] 

Gauge resistance  350 [Ohm] 120 [Ohm] 

Gauge length 6 [mm] 6 [mm] 
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Before each test the system was calibrated with a known load case for the sensors. The load 

case and used strain for the calibration can be found in Appendix D. The seven strain sensors, 

the five on the handle and the two on the structure as reference, were coupled to a junction box 

where a full bridge was built for each channel with help of resistors, see Figure 36. 

 

Figure 36. Junction box used to build a full bridge system for each sensor. 

The junction box was then connected to a Dewetron measurement system through a MDAQ, 

which is a multi-channel data acquisition system, that feed the sensors with 5 V. The strain 

signal into the Dewetron measurement system was then the change in voltage, which occurs 

due to the change in resistance through the elongation of the strain sensors. The Dewetron 

measurement system when fully built is seen in Figure 37. 

 

Figure 37. Complete Dewetron measurement system with MDAQ and junction box. 

The measurement system was then installed next to the climate chamber from Clima 

Temperatur Systeme, see Figure 38. 

 

Figure 38. Climate chamber from CTS used during the component testing at Scania. 

Junction box 

MDAQ 
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The climate chamber used measured 650x750x720 [mm] and was capable of reaching -70°C 

and 180°C with a maximum temperature gradient of 4°C/min. Three sets of door handles were 

used to evaluate different lengths of cold and warm periods in the temperature cycle tests. The 

tested cases are presented in Table 13. 

Table 13. Configurations for experimental testing of different period lengths. 

Configuration  Time in -40°C [h] Time in 80°C [h] Cycles 

A 3 6 10 

B 4 8 10 

C 6 12 10 

 

After the testing of different period lengths and number of cycles, the door handles were used 

again to evaluate the impact of different temperature gradients. The different configurations of 

temperature gradients tested can be seen in Table 14. 

Table 14. Configurations for temperature gradient testing of door handle. 

Configuration  
Time in -40°C 

[h] 

Time in 80°C 

[h] 

Gradient 

[°C/min] 
Cycles 

I 2 4 1 3 

II 2 4 2 3 

III 2 4 4 3 

 

The length was chosen to only three cycles due to the limitations set by the chamber owners at 

Scania. In order to accomplish as good testing conditions as possible for the gradient tests the 

channel plug, which restricted the warm or cold air leaving the chamber through the cable hole, 

was changed between the tests, see Figure 39. 

 

Figure 39. Channel plugs used in the tests, A=Used in period tests, B=New one for gradient tests. 

7.1.2 Field test simulations in CD 7 

To study the effect from heavy duty driving on temperatures inside and around the cab a test 

was performed together with help of the RTGC group at Scania in the climatic wind tunnel CD 

7. The test consisted of simulated driving of a G19N truck to replicate field tests in Spain. For 

comparison with real life test and also to be able to study the effect of sun radiation, the test 

was done twice, both with and without sun simulation lamps. The AC in the cab was turned on 

during the entire test in order to achieve a real life scenario. The simulated road section used in 

the test can be seen in Figure 40. 
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Figure 40. Simulated road section used in the test with distance and altitude for the driving phase of the test (no values could 

be given due to restrictions from Scania). 

The test consisted of two phases, the first one was driving for 1.25 h and the second one was a 

hot shot down for 0.75 h. The points used for the measurements for both air temperature 

measurements and surface temperature measurements of components can be seen in Table 15. 

Table 15. Points used for the measurements in the field test simulation in CD 7. 

Number Measurement type Position 

1 Air measurement Upper bed 

2 Air measurement Front upper shelf 

3 Air measurement Lower bed 

4 Air measurement IP cover 

5 Air measurement DCU/Pedals 

6 Air measurement Front hatch upper  

7 Air measurement Front hatch lower  

8 Component measurement IP Cover 

9 Component measurement Door trim 

10 Component measurement DCU/Pedals 

11 Component measurement Front hatch upper, inside left 

12 Component measurement Front hatch upper, inside right 

13 Component measurement Front hatch upper, outside left 

14 Component measurement Front hatch upper, outside right 

15 Component measurement Front hatch lower, inside left 

16 Component measurement Front hatch lower, inside right 

17 Component measurement Front hatch lower, outside left 

18 Component measurement Front hatch lower, outside right 

19 Component measurement Lower bed 

20 Component measurement Wiper panels (horizontal) 

21 Component measurement A-pillar panels (vertical) 

22 Component measurement Roof hatch (horizontal) 

23 Component measurement Sun visor (vertical) 

 

Unfortunately no figures of the positions can be shown due to restrictions from Scania. The sun 

simulation during the test was done with an irradiance from the lamps of 1050 [W/m2] and with 

an angle of 30° to the roof of the cab. The irradiance of the lamps is decreasing with increased 

Distance 

Altitude 
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distance from them, more about this in the discussion in Section 7.3.3. The placement of the 

sun simulation lamps can be seen in Figure 41. 

 

Figure 41. Sun simulation lamps with position used in the CD 7 test. 

7.1.3 Full component testing at SP in Borås to investigate effect of number of cycles 

To compare the simulations and the component testing performed at Scania with a test of larger 

scale, a test at SP in Borås was performed. In the climate cycle test at SP the door with its 

original boundary conditions was tested, see Figure 42. 

 

Figure 42. Door handle with original boundary conditions, door panels, in a fixture for testing at SP. 

The chamber from Vötsch Industrietechnik, that measured 2450x1150x1150 [mm], was 

programmed to a test cycle similar to the ones used in both the simulations and in the component 

testing. The cycle consisted of four hours of -40°C, eight hours 80°C and eight hours of 38°C 

with a humidity in the last period of 95 % RH. The humidity was added since the author wanted 

to be able to compare if it would have any impact on the obtained deformation compared to the 

component testing. The temperature gradient was set to 1°C/min.  

To evaluate the test, a structural light scanning provided by SP was used. The scanning was 

done before the test and then after the warm sections in cycle 1-4 and 7-9. No scans were done 

in cycle 5-6 and after the last cycle due to financial restrictions in the project. The surface of 

the door handle did not reflect enough light and was therefore spray painted with a pale light 
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grey colour in a pattern that would help the post processing. The door handle after paint job is 

displayed in Figure 43 

 

Figure 43. The three steps for the paint job in the door handle to increase reflecting light for the structural light scanning. 

7.2 Results 

7.2.1 Component testing of door handle for length of periods and number of cycles 

During the evaluation for both the different period lengths, number of cycles and temperature 

gradients uses the strain sensors the following index as well, see Table 16. 

Table 16. Detailed structure of index for the strain sensors used in the evaluation. 

Original 

index 
3 4 5 6 7 

Additional 

index 

Handle right 

ch3 

Handle left 

ch4 

Handle top 

ch5 

Handle back 

ch6 

Handle front 

ch7 

 

The corresponding positions to the additional index are presented in Figure 44. 

 

Figure 44. Positions for the strain sensors on the door handle. 

To evaluate the results from the period testing in the chamber at Scania the strain, its derivative, 

maximum strain and maximum average strain were evaluated. In addition the set temperature 

and the actual temperature along with a surface temperature for the 6h12h test were evaluated. 

The set temperature and the actual temperature for the three configurations of different period 

lengths along with the strain from all sensors can be seen in Figure 45 to Figure 47. 

1 2

 
 1 

3 
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Figure 45. Set temperature and actual temperature together with measured strain for all sensors for the 3h6h period test. 

 

Figure 46. Set temperature and actual temperature together with measured strain for all sensors for the 4h8h period test. 

 

Figure 47. Set temperature and actual temperature together with measured strain for all sensors for the 6h12h period test. 

As seen in Figure 45 to Figure 47 the set temperature and the actual temperature follows each 

other during all three tests. The maximum deviation between the temperatures is below 0.5°C. 

The surface temperature measured in the last test is measured on the inner side of the 

component. It also tails the set temperature. Unluckily the measured temperature for the whole 
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6h12h test could not be displayed due to failure of the recording in the computer for the CTS 

system. This failure also lead to an unwanted extra-long warm period in cycle six for the 6h12h 

period test, which can be seen in Figure 47. The maximum strain that occurred during the warm 

sections for all period tests can be seen in Figure 48. 

 

Figure 48. Maximum strain during warm sections for all period test configurations. 

In Figure 48 the fluctuation of the maximum strain becomes stable after approximately four 

sections for all configurations and the difference in the maximum strains between the 3h6h and 

the 4h8h test can almost be neglected. The strain on the back side of the door handle is increased 

significantly in the 6h12h test along with a decrease of the strain on the front side of the door 

handle, see channels 3, 4 and 7. The sensors on the top side of the component displays no 

significant changes between the configurations. The maximum strain that occurred during the 

cold sections for all period tests can be seen in Figure 49. 

 

Figure 49. Maximum strain during cold sections for all period test configurations. 

In difference to Figure 48, in Figure 49 the fluctuation of the maximum strain stabilizes after 

only two cycles in the first two configurations and when the longest configuration 6h12h is 

taken under consideration the fluctuation stabilizes after four cycles. In general the cold sections 

shows lower differences in maximum strains compared to the warm sections. The derivative of 

the strain from all configurations for the warm and cold sections are presented in Figure 50. 
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Figure 50. The derivative of the strain from all configurations in the period testing. 

The derivative of the strain in Figure 50 was constructed with the values from each testing data 

and then filtered with the mean values of three data point after each other, thus reducing spikes. 

The result indicates that the maximum strain rate, the derivative of the strain, is independent of 

period length. The average strain from all sensors of the different configurations from both the 

cold and warm sections can be seen in Figure 51. 

 

Figure 51. Average strain from all sensors in all configurations of the period testing. 

From the results one can observe a trend where the first strain value in each section becomes 

lower and lower, hence going towards zero. The author refers to this as delayed response of the 

strain in the discussion. The trend can be seen even more clearly in Figure 52. 
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Figure 52. Comparison of the delayed strain response between the different configurations of period length with estimated 

endings for the 6h12h configuration that was abrupted due to an error in the test chamber. 

The delayed response in the strain also displays the tendency of an increasing offset of the 

average value of the strain. This is evaluated in Figure 53. 

 

Figure 53. Evaluation of increasing offset of average strain with help of linearization. 

The linearization displays a clear trend of increasing average value for the strain. This will be 

referred to as increasing offset of the average strain. The average values of the linearization for 

the three different configurations are summarized in Table 17. 

Table 17. Summary of the average values of the linearization of the increase in positive offset for the three configurations. 

Configuration\Point 
Start 

[strain] 

End 

[strain] 

Start-End 

[strain] 

Factor 

time 

Normalized 

slope [1/h] 

3h6h 478 927 449 - 1 

4h8h 507 1132 625 1.33 1.05 

6h12h 696 1682 986 2.00 1.098 

 

The normalized slope shows that the slope of the different configurations are almost identical 

when the time difference in the warm period is being taken under consideration. 

The abruption in the decreased strain response for configuration 6h12h, in Figure 52, is due to 

the computer error in the chamber that lead to an abruption in the test. Without this the author 

believes that the trend would have continued towards zero. The differences between the strain 

levels can be seen more clearly in Figure 54. 
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Figure 54. Detailed figure of the difference between the average strain levels from all configurations of the period testing. 

The same trend displayed in Figure 54 was seen earlier in Figure 49, where the oscillation 

becomes steady after four cycles for both the cold and warm sections. The difference between 

the cold and warm section is the constant increase of strain for the warm sections throughout 

the cycles. This phenomena is the reverse one for the cold sections and is independent of the 

length of the periods. The independence of period length applies also on the strain increase of 

the warm sections after cycle four. In Figure 54 in cycle 4 and 7 for the cold sections one can 

see irregularities in the strain for the 6h12h configuration. This is due to irregularities in strain 

sensor five and six in that configuration, which can be seen in Figure 55. 

 

Figure 55. Irregularities from sensor five and six during the 6h12h configuration. 

In Figure 56 are the strain ranges from all sensors of the period test presented. Here one can see 

that the irregularities from sensor five and six can be seen for the strain range of the 6h12h 

configuration. The maximum deviation between the configurations in respect to strain are for 

the cold sections below 4 % and for the warm sections under 2.5 %.  

 

Figure 56. Strain range from all configurations in the period testing, data to the left and filtered data to the right. 
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The result of the strain range displays that the range for the first cycle is closer to the last cycle 

for increased section length. In addition, the unstable behaviour of the strain can only be seen 

for the first cycles. For the longest section length, 6h12h, it cannot be seen at all. 

7.2.2 Component testing of door handle for different temperature gradients 

To evaluate the results from the temperature gradient testing in the chamber at Scania the strain, 

its derivative, maximum strain and maximum average strain were evaluated. In addition the set 

temperature and the actual temperature for all test configurations are displayed, presented in 

Figure 57 to Figure 59. 

 

Figure 57. Set temperature and actual temperature together with measured strain for all sensors for the 1°C/min gradient test. 

 

Figure 58. Set temperature and actual temperature together with measured strain for all sensors for the 2°C/min gradient test. 
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Figure 59. Set temperature and actual temperature together with measured strain for all sensors for the 4°C/min gradient test. 

The actual temperature tails the set temperature well in all configurations of the gradient tests 

as seen above. In general the differences in the obtained strain between the configurations are 

quite small and difficult to see. Compared to the period tests where longer period times were 

used the oscillation behaviour of the maximum strain for the first cycles cannot be seen. The 

maximum strain in the cold and warm sections can be seen in Figure 60 and Figure 61. 

 

Figure 60. Maximum strain during warm sections for all gradient test configurations. 

 

 

Figure 61. Maximum strain during cold sections for all gradient test configurations. 

The results from different temperature gradients with respect to maximum and minimum strain 

for all the configurations for all three cycles are summarized in Table 18. 
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Table 18. Results of the maximum and minimum strain for all configurations and all sensors during the three cycles. The 

average values are given with indication if they are increasing/decreasing and how they are compared to the other 

configurations. 

Configuration\Cycle  1 [E-6] 2 [E-6] 3 [E-6] 

CH 3 Cold 1°C/min -2235 -2206 -2209 

CH 4 Cold 1°C/min -2308 -2275 -2272 

CH 5 Cold 1°C/min -2700 -2664 -2662 

CH 6 Cold 1°C/min -3067 -3019 -3017 

CH 7 Cold 1°C/min -2517 -2481 -2477 

Average (decreases, lowest) -2565 -2529 -2527 

CH 3 Warm 1°C/min 2325 2333 2341 

CH 4 Warm 1°C/min 2540 2549 2556 

CH 5 Warm 1°C/min 3030 3033 3034 

CH 6 Warm 1°C/min 3623 3619 3613 

CH 7 Warm 1°C/min 2749 2757 2764 

Average (increases, high) 2853 2858 2861 

CH 3 Cold 2°C/min -2221 -2136 -2131 

CH 4 Cold 2°C/min -2384 -2286 -2270 

CH 5 Cold 2°C/min -2712 -2644 -2636 

CH 6 Cold 2°C/min -2947 -2849 -2840 

CH 7 Cold 2°C/min -2575 -2511 -2503 

Average (decreases, lower) -2567 -2485 -2476 

CH 3 Warm 2°C/min 2376 2393 2404 

CH 4 Warm 2°C/min 2705 2721 2730 

CH 5 Warm 2°C/min 3057 3067 3071 

CH 6 Warm 2°C/min 3647 3659 3659 

CH 7 Warm 2°C/min 2792 2802 2809 

Average (increases, higher) 2915 2928 2934 

CH 3 Cold 4°C/min -2245 -2170 -2165 

CH 4 Cold 4°C/min -2305 -2205 -2194 

CH 5 Cold 4°C/min -2722 -2661 -2655 

CH 6 Cold 4°C/min -2946 -2834 -2826 

CH 7 Cold 4°C/min -2609 -2541 -2537 

Average (decreases, low) -2565 -2482 -2475 

CH 3 Warm 4°C/min 2385 2385 2396 

CH 4 Warm 4°C/min 2696 2694 2705 

CH 5 Warm 4°C/min 3138 3141 3146 

CH 6 Warm 4°C/min 3638 3682 3676 

CH 7 Warm 4°C/min 2868 2852 2862 

Average (increases, highest) 2945 2951 2957 

 

The summary of the maximum and minimum strain for the different temperature gradients 

displays a clear trend where a higher temperature gradient gives a higher maximum and a lower 

minimum strain. There is (independent of the temperature gradient) an increase respectively 

decrease of maximum/minimums strain for all three cycles. This behaviour of a decrease in 

minimum strain and an increase of maximum strain along with numbers of cycles is referred 

by the author to an increasing offset in the discussion part, see Section 7.2.1. The derivative of 

the strain, the strain rate, can be seen in Figure 62.  
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Figure 62. The derivative of the strain from all configurations in the gradient testing. 

From the plot of the derivative of the strain one can see that the average strain rate increases 

with increased slope of the temperature, as expected. As follows from the derivative of the 

strain, in Figure 63 the higher strain rate for the higher slope is seen to give the highest average 

strain. The strain rate is summarized in Table 19. 

Table 19. Summary of the strain rate for the temperature gradient test for all configurations of the three cycles. 

Cycle\Configuration 
Cold 

1°C/min  

Cold 

2°C/min 

Cold 

4°C/min 

Warm 

1°C/min 

Warm 

2°C/min 

Warm 

4°C/min 

1 -3.38 -4.61 -21.39 6.65 8.92 19.6 

2 -7.56 -14.45 -24.07 7.94 15.62 26.60 

3 -7.69 -14.65 -26.13 7.91 15.54 26.24 

Average: -6.21 -11.24 -23.86 7.50 13.36 24.15 

 

The average strain from all sensors from the configurations are displayed in Figure 63. 

 

Figure 63. Average strain from all configurations in the gradient testing. 

A constant increase of the average strain for the warm periods is seen dependent on number of 

cycles and gradient. The decrease of maximum strain for the cold periods during the first cycle 

is not seen at all during the warm sections. The difference in strain for the cold periods during 

the first cycle when the values have stabilized is less than 0.2 %, which in absolute terms is less 
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than 5E-6. Consistently during the whole test the difference is less between the 2°C/min and 

the 4°C/min curves than between the 1°C/min and the 2°C/min curves.  

 

Figure 64. Detailed figure of the difference between the strain levels of the average strain from all configurations in the 

gradient testing. 

The average strain range from all sensors of the three gradient tests can be seen in Figure 65. 

 

Figure 65. Average strain range from all configurations in the gradient testing. 

7.2.3 Field test simulations in CD 7 

The results from the measurements during the simulation of the field test in Spain can be seen 

in Table 20, where HSD stands for “Hot Shot Down” which is when the engine was turned off 

and the truck was standing still. All channels that measured a temperature over 50°C have been 

marked in the table with bold font. 

Table 20. Results from the measurements during the simulation of the field test in Spain performed in CD 7. 

Number Measurement type Position 
Drive 

[°C] 

HSD 

[°C] 

Drive, 

sun [°C] 

HSD, sun 

[°C] 

1 Air measurement Upper bed 26 31 29 42 

2 Air measurement Front upper shelf 26 30 29 39 

3 Air measurement Lower bed 24 30 26 37 

4 Air measurement IP cover 28 31 40 53 

5 Air measurement DCU/Pedals 27 29 30 33 

6 Air measurement Front hatch upper  33 48 31 46 

7 Air measurement Front hatch lower  66 32 67 36 
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Number Measurement type Position 
Drive 

[°C] 

HSD 

[°C] 

Drive, 

sun [°C] 

HSD, sun 

[°C] 

8 
Component 

measurement 
IP Cover 28 32 44 56 

9 
Component 

measurement 
Door trim 25 30 30 40 

10 
Component 

measurement 
DCU/Pedals 28 29 31 33 

11 
Component 

measurement 

Front hatch upper, 

inside left 
34 56 33 57 

12 
Component 

measurement 

Front hatch upper, 

inside right 
33 46 31 45 

13 
Component 

measurement 

Front hatch upper, 

outside left 
33 43 36 53 

14 
Component 

measurement 

Front hatch upper, 

outside right 
32 39 35 50 

15 
Component 

measurement 

Front hatch lower, 

inside left 
33 31 31 35 

16 
Component 

measurement 

Front hatch lower, 

inside right 
40 32 42 36 

17 
Component 

measurement 

Front hatch lower, 

outside left 
33 31 33 38 

18 
Component 

measurement 

Front hatch lower, 

outside right 
32 31 33 38 

19 
Component 

measurement 
Lower bed 26 29 27 36 

20 
Component 

measurement 

Wiper panels 

(horizontal) 
33 39 39 65 

21 
Component 

measurement 

A-pillar panels 

(vertical) 
32 31 32 42 

22 
Component 

measurement 

Roof hatch 

(horizontal) 
32 32 50 95 

23 
Component 

measurement 
Sun visor (vertical) 32 31 34 55 

 

The results show a clear trend where the temperature sensors closest to the sun lamps displays 

the highest temperature. Interesting results are the high temperature of 67°C that arise around 

the lower front hatch under driving, independent of sun lamps, and the measured surface 

temperature of the roof hatch and wiper panels that were measured to 95°C respectively 65°C, 

when the sun lamps were active. The larger distance to the sun lamps should be taken into 

account when comparing the temperature of the wiper panels to the temperature of the hatch.  

7.2.4 Full component testing at SP in Borås to investigate effect of number of cycles  

The results from the scanning with the structural light at SP in Borås can be seen in Figure 66 

to Figure 69. The legend in the figures displays the deformation in millimetre with respect to 

the reference figure and the distribution of the deformation is given in percent.  
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Figure 66. Scan of door before test (A) and after cycle 1 (B). 

 

Figure 67. Scan of door after cycle 2 (C) and after cycle 3 (D). 

 

Figure 68. Scan of door after cycle 4 (E) and after cycle 7 (F). 

A, Reference B, Cycle 1 

C, Cycle 2 D, Cycle 3 

E, Cycle 4 F, Cycle 7 
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Figure 69. Scan of door after cycle 8 (G) and after cycle 9 (H). 

As seen in A in Figure 66 the distribution for the reference scan around zero mm in deformation 

is 89.3 %. This is due to that some parts of the door could not be measured well enough with 

the set resolution and hence therefore are measured as deformed. This does not affect the 

outcome since these parts are not of interest in the comparison. It should also be mentioned that 

the blue zone (the negative) in the middle of the door is the fabric to the speaker which bends 

into the picture. This area is not of interest as well since it is not a hard plastic component. 

Therefore the author decided to evaluate the distribution of the deformation in positive direction 

to avoid impact on the outcome from the soft fabric. The range that was evaluated was between 

+0.25 mm to +1.63 mm in deformation since a larger range would be influenced of parts that 

were not of interest and which had a positive measured deformation in the reference 

measurement, see A in Figure 66. This evaluation is summarized in Table 21. 

Table 21. Evaluation of the distribution for the deformation in the positive deformation range. 

Deformation 

[mm]\Cycle 

C. 1 

[%] 

C. 2 

[%] 

C. 3 

[%] 

C. 4 

[%] 

C. 7 

[%] 

C. 8 

[%] 

C. 9 

[%] 

R1: 0.25-0.938 29.4 27.9 26 25.6 24.4 24.6 24.7 

R2: 0.938-1.63 16.3 15.1 14.6 16.4 15.3 14.9 16.8 

R1+R2: 45.7 43 40.6 42 39.7 39.5 41.5 

R3: 0.25-3 50.73 46.32 44.45 46.25 45.1 43.7 47.2 

 

In Table 21 the change in distribution for the positive ranges of the deformation are evaluated. 

The results follows no direct clear pattern and the only observation the author can see is that 

there is a clear overshoot of deformation after the first cycle when comparing to the rest of the 

cycles, which can be seen in column C. 1.  

The results from the detailed hand scanning with the structural light at SP in Borås can be seen 

in Figure 70 to Figure 73. The index of the scans starts at B in order to be in the same order as 

the scans of the whole door. The legend in the figures displays the deformation in millimetre 

with respect to the reference mesh and the distribution of the deformation is given in percent. 

The grey surrounding was used for the fitting of the scans to the reference mesh, which enabled 

the usage of more degrees of freedom, but the deformation was only activated for the door 

handle in order to achieve a better evaluation.  

G, Cycle 8 H, Cycle 9 
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Figure 70. Scan of door handle after first cycle 1 (B). 

 

Figure 71. Scan of door handle after cycle 2 (C) and cycle 3 (D). 

 

Figure 72. Scan of door handle after cycle 4 (E) and cycle 7 (F). 

 

Figure 73. Scan of door handle after cycle 8 (G) and cycle 9 (H). 

B, Cycle 1 

E, Cycle 4 F, Cycle 7 

G, Cycle 8 H, Cycle 9 

C, Cycle 2 D, Cycle 3 
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With help of the manual scans of the door handle in addition to the scans of the whole door the 

author was able to measure the deformations on the part of interest without having the 

histograms influenced by boundary parts. A summarized evaluation of the histogram in the 

whole positive range can be seen in Table 22. 

Table 22. Evaluation of the deformation in the positive range, where orange indicates a decreasing trend and green an 

increasing trend. The value is set to orange or green if it has increased/decreased with respect to the value before it. 

Deformation 

[mm]\Cycle 

C. 1 

[%] 

C. 2 

[%] 

C. 3 

[%] 

C. 4 

[%] 

C. 7 

[%] 

C. 8 

[%] 

C. 9 

[%] 
Average 

R1: 0.00-0.10 28.70 12.40 20.70 25.60 15.10 13.50 11.00 16.38 

R2: 0.10-0.20 30.20 18.00 29.80 32.30 22.10 27.20 27.70 26.76 

R3: 0.20-0.30 8.81 20.00 12.00 6.98 22.90 23.20 24.90 16.97 

R4: 0.30-0.40 9.76 13.30 12.50 9.39 11.40 11.60 15.30 11.89 

R5: 0.40-0.50 8.51 8.85 10.50 10.40 11.30 11.80 8.84 10.03 

R6: 0.50-0.60 0.27 3.55 0.61 0.51 1.86 0.39 0.31 1.07 

Average: 14.38 12.68 14.35 14.20 14.11 14.62 14.68  

 

The highest amount of deformation happens in the range between 0.10-0.30 mm. In this range 

there is a clear trend of oscillation for the first cycles which then stabilizes. The amount of 

deformation increases for the two last cycles in this range. Another observation from the table 

is that the maximum deformation in the range 0.40-0.60 mm decreases consistently in cycle 8 

and 9. In addition an evaluation to indicate if the absolute difference between the values with 

respect to the different cycles are less than 5 % can be seen in Table 23.  

Table 23. Evaluation of the deformation in the positive range, where the green boxes indicates that the absolute difference to 

the value before it is less than 5 %. 

Deformation 

[mm]\Cycle 

C. 1 

[%] 

C. 2 

[%] 

C. 3 

[%] 

C. 4 

[%] 

C. 7 

[%] 

C. 8 

[%] 

C. 9 

[%] 
Average 

R1: 0.00-0.10 28.70 12.40 20.70 25.60 15.10 13.50 11.00 16.38 

R2: 0.10-0.20 30.20 18.00 29.80 32.30 22.10 27.20 27.70 26.76 

R3: 0.20-0.30 8.81 20.00 12.00 6.98 22.90 23.20 24.90 16.97 

R4: 0.30-0.40 9.76 13.30 12.50 9.39 11.40 11.60 15.30 11.89 

R5: 0.40-0.50 8.51 8.85 10.50 10.40 11.30 11.80 8.84 10.03 

R6: 0.50-0.60 0.27 3.55 0.61 0.51 1.86 0.39 0.31 1.07 

Average: 14.38 12.68 14.35 14.20 14.11 14.62 14.68 - 

 

The results indicated that there is a clear fluctuation of the deformation for the first cycles which 

stabilizes more and more with number of cycles. These results are in line with the ones seen in 

Section 7.2.1., where a stabilization of the fluctuation could be seen for higher cycles. 

7.3 Discussion 

7.3.1 Component testing of door handle for length of periods and number of cycles 

The difference in the strain of the component between the sensors on the door handle can be 

explained by the asymmetry of the component and its inner stiffer layer. Another explanation 

is that the human error should not be neglected when the strain sensors were mounted on each 

component. The placement of the sensors are not ideal either and one cannot reliable say that 

all handle front sensors have the same location.  
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Possible sources of errors for the testing of the door handles that could explain the delayed 

response of the strain for the higher number of cycles, which can be found in Figure 51 and in 

detail in Figure 52 are according to the author; the temperature in the chamber, malfunction of 

the sensors, malfunction of the paste used to fit the strain sensors on the component and a 

phenomena in the material caused by the fatigue due to the testing.  

As seen in Figure 45, the temperature of the chamber is not the cause to the delay in strain 

increase, since the temperature of the component tails the set temperature very well throughout 

the whole test.  

According to the instructions of the paste used on the strain sensors it should be effective 

between the cryogenic region and up to 95°C, but the resistance towards fatigue through cycling 

is not specified [35]. Therefore it cannot be ruled out to be the source to the delayed response 

in the strain. The specification of the sensors used on the door handle states that the gauge factor 

of 2.14 that was used in the tests can be compensated for temperature differences. According 

to the specification it can be with up to 4.5 % when the temperature reaches 80°C. This does 

not explain the delayed increase of the strain, but can be one part of the explanation to the 

differences in maximum strain between the physical testing and the simulations. The maximum 

strain from the testing in the warm sections would then be 4.5 % higher. 

One explanation on the other hand to the constant increasing delay of strain during both the 

cold and warm periods with increasing number of cycles is the viscoelastic part of the material. 

A viscoelastic material, as already discussed in Section 6.3.9, emits energy when reforming to 

the original form after a deformation. The emitting of energy is due to the viscous part of the 

material. This loss of energy, forces the material to admit energy from the surrounding 

environment during reforming [32]. Due to this process the reforming of the component, the 

decrease in strain, takes longer time compared to a linear elastic material. This behaviour can 

be seen in the results from the component testing of the door handle and is according to the 

author the main reason to the delayed increase of strain as function of the number of cycles. 

This is also seen dependent of the length of the periods in Figure 52. The explanation due to the 

emitting of energy is coherent with these results as well. Longer period lengths equal more 

energy emitted and hence the delay of increase in the strain grows with the length of the periods 

for both the cold and warm sections.  

Also mentioned in Section 6.3.9 is the creep behaviour of a viscoelastic material. The behaviour 

can be seen in Figure 33. This behaviour corresponds well with the differences between the 

simulated strain and the measured one from the component testing when one evaluates the slope 

of the increase/decrease of strain during the warm and cold sections. As one can see in the 

results the creep section of the strain goes towards a more constant value when the length of the 

sections are increased, see Figure 47. In theory the creep in the material ends when the build-

up reform-stress reaches the same value as the applied stress. This behaviour of the viscoelastic 

and partly elastic door handle agrees well with theory, for example Viscous Materials by Lakes 

[36]. A schematic figure of different material model behaviours can be seen in Figure 74. 
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Figure 74. Schematic figure made by the author of strain response due to thermal load for viscous, elastic and viscoelastic 

materials. 

Dependent on the gradient of the temperature change in the chamber, the reformation of 

reversible deformation of the structure, the reforming to original shape/length of the molecular 

chains in the polymer, will either follow the gradient of the temperature or not. As one can see 

in Figure 51 the restructuring of the polymer chains have not followed the temperature gradient 

and therefore the first value of each section becomes lower and lower, also referred to as delayed 

increase of strain, independent of the period length.  

To test the theory behind the explanations, the author performed small scale simulations over a 

shorter time period. The shorter time period was chosen due to that the computational power 

restricted the scale of the simulations. In order to evaluate the possible differences between an 

elastic material without creep and with creep, deformation through dislocation of the polymer 

chains and hence permanent deformation, the following simulations were performed, see Table 

24.  

Table 24. Configurations used in the small scale simulations. 

Simulation Material model Creep Time [h] 

I Linear elastic - 14.3 

II Linear elastic Deviatoric 14.3 

 

The material parameter that differed from the ones used on the original simulations for the small 

scale simulations was the strain rate, Fcr, which the author chose to Fcr =1E-6.5 [1/s]. The 

decision was based upon the tests performed by Nakazato, Zhu, Usuki and Kato [33]. The creep 

model used in COMSOL Multiphysics was the deviatoric one, hence the volume of the 

component remained constant during the creep. The deviatoric strain can according to Bower 

[37] be calculated as:  

 𝜖𝑑𝑒𝑣 = 𝜖 −
1

3
𝐼𝑡𝑟𝑎𝑐𝑒(𝜖) (28) 

 

For which I is the identity matrix and the trace of the strain can be expressed as: 

 𝑡𝑟𝑎𝑐𝑒(𝜖) =
𝑑𝑢1

𝑑𝑥1
+

𝑑𝑢2

𝑑𝑥2
+

𝑑𝑢3

𝑑𝑥3
  (29) 
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The results from the creep simulation displayed both the creep effect that the author was 

expecting but also a decrease in maximum strain which tunes the simulations results closer to 

the results in the testing, see Figure 75. 

 

Figure 75. The simulated strain on the front surface with a creep model (LE=Linear elastic). 

In addition to above mentioned physical effects that can explain the delay in increased strain 

with number of cycles there is also the physical effect of change in material properties with 

drying of the material. The effect from absorbing moisture is explained in Section 3.7 and for 

this case the effect would be the reverse one. With increased number of cycles the component 

would dry and therefore would the material strength increase, hence increased stress is needed 

for the equivalent strain. A material can also dry due to volatile organic compounds, VOC, 

emissions which in general can be seen as gases from the material. This emission of gases is 

usually the case when plastic materials are ageing.  

Unfortunately due to time restrictions in the testing facility no additional test could be done to 

investigate how large this effect was. In future work the author recommends that one adds 

humidity during the cycle along with the temperatures to study if added humidity would lower 

the slope in the stress-strain plot and hence lead to an increase in strain. One could also test two 

different set ups where one knows that one of them have the potential of realising large amounts 

of gases, VOC, and where the other one does not. 

Other trends as already briefly mentioned in the result part of the period testing are the constant 

increase of maximum strain after four cycles for warm periods together with the reverse 

phenomena for the cold periods. These results clarifies the need of several cycles to be able to 

assess the effect that repeating thermal load can have on a cab component. This is also supported 

by the strain range in Figure 56 where constant levels first after six to seven cycles can be seen. 

The maximum change of the strain range between some cycle intervals for the different 

configurations can be seen in Table 25. 

Table 25. Maximum difference in strain range between all cycles, the first eight cycles and for the first six cycles for all period 

configurations. 

Maximum difference 3h6h [%] 4h8h [%] 6h12h [%] 

All cycles 1.91 1.49 0.26 

First eight cycles 1.86 1.43 0.13 

First six cycles 1.78 1.37 0.11 

 

The strain range is the factor causing the change in deformation between the warm and cold 
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section, hence being directly proportional to the most important results from the EECT test 

according to the guideline by Knälmann [4]. Therefore the author believes based on the results 

in Table 25 that the number of cycles in an EECT can be reduced down towards six cycles since 

the difference in maximum difference of the strain range is below 0.15 % independent of period 

lengths. In order to reliable generalize this for all types of components with different geometry, 

material and boundary conditions further testing on other components should be done according 

to the author. 

In addition the failure of the computer running the test cell gave the author the possibility to 

investigate the behaviour of the strain when exposed to constant thermal load for a longer period 

than 40 hours. The results can be closer investigated in Figure 76. 

 

Figure 76. Sixth cycle of the 6h12h period test where a malfunction of the computer exposed the component for additional 

hours in the test cell. 

Note that the peaks in the end of the strain curves are due to a fast abruption of the CTS chamber 

which lead to strong vibration. The strain is increasing over the whole time section which 

indicates that more than 45 h are needed for the strain rate to become zero. This is also supported 

in the tests by both Yang, Zhang, Schlarb and Friedrich [34] and Nakazato, Zhu, Usuki and 

Kato [33], in which their tests displays a positive strain rate for more than 100 h for the same 

material. 

The tests performed regarding the period length does not display any conclusive trends of a 

significant difference in the maximum strain between the 3h6h and 4h8h period length during 

the warm sections. When all configurations are compared to each other the maximum average 

deviations in strain is below 4 % for cold section and under 2.5 % for warm sections. For the 

cold sections the difference is larger, which explains the results of the strain range in Figure 56 

but with experience from environmental testing the author knows that the most severe problems 

usually arise after the heating phase of the cycle. The strain range can of course be a factor to 

the equation but since the difference in obtained strain range between the 3h6h configuration 

and the 4h8h is less than 1 %, the author believes it can be neglected. Therefore the author will 

suggest that the length of the periods should be shortened to 3h6h, meaning three hour for the 

cold phase and six hour for the warm phase. The fast reduction of the strain rate, seen in Figure 

50, strengthens the recommendation of lower period lengths according to the author, since the 

strain rate stabilizes for all period lengths. From Figure 50 where the strain rates are presented 

for all cases one can draw the conclusions that different period lengths have no impact on 

maximum strain rate in the material.  



62 

 

The results in Figure 53 and in Table 17 along with the results from the temperature gradients 

in Table 18 displays that in addition to the delayed increase of strain one also has a shift of the 

average value of the strain in positive direction which increases with length and number of 

cycles. The results from Table 17 displays that this behaviour is independent of the 

configurations of different period lengths and shows that it is due to the time in the warm 

sections. The author believes that this offset, movement of the average in positive direction due 

to irreversible creep in the material, should be taken into account in the testing since a 

component that has been on the field for example two years could have obtained this offset due 

to climatic thermal loads. If one assumes that a component has an offset of the strain due to 

climatic loads and were to evaluate its results compared to a brand new component without this 

offset, then would the results of an EECT on both of those component likely vary. Where the 

component with an offset at start of the EECT probably would obtain larger deformations in 

the heating phase but instead the deformations would probably be smaller in the cold sections 

due to the gained offset, expansion of the material. This would lead to that the contraction in 

the cold phase would not expose the material of maximum stresses since the contraction would 

at first relieve the material from gained stresses due to the offset.  

In order to design the EECT to be able to expose a component for maximum deformation and 

stresses in both cold and warm climates, definition by Knälmann [4] one needs to take this into 

account. The author suggests that a pre-thermal heating is added. This pre-thermal heating 

should according to the author be in the middle of the EECT, after four cycles. This position of 

an extra heating phase would probably cause an offset as mentioned above due to creep in the 

material and hence expose the component for maximum deformation and stresses in the warm 

sections. The component would also be exposed for maximum contraction, and stresses 

associated with that, since there is no offset for the first cycles. One thing that has to be taken 

under consideration is that if one heats the material for a long period one risks to dry the 

material, and thus changing the mechanical properties. To handle this additional humidity can 

be added to the pre-thermal heating, but a long heating phase can also extract volatile organic 

compounds from the material, gases, and such processes are usually not revisable. This would 

according to the author contribute to a more conservative testing method that also would ensure 

that a component could withstand an EECT after some years in the field. The pre-thermal 

heating would also compensate for the loss in creep when the period lengths are lowered from 

today’s 4h8h configuration to the new recommended 3h6h configuration. 

The impact of this offset needs of course to be further evaluated and one also needs to 

investigate if climate loads creates creep that changes the offset significantly. If this is proved 

and it is found that the offset gained due to climatic loads are significant it could in the end lead 

to that less components malfunction, which would increase the quality of Scanias products.  

To be able to set the parameters of the possible pre-thermal heating the author believes that one 

solution could be to measure temperatures on active trucks during one year and then set the 

temperature and time so they represent an average of the absolute of those measurements. 

Safety factors can be added to ensure that conservative testing is being done. Another solution 

would be to set the temperature according to a worst case scenario of climate data and the time 

to 20 hours to ensure that some creep is gained. According to Section 4.2.3 a worst case scenario 

temperature would be 55°C, which is used by the Swedish military in sun exposure testing. The 

two suggestions by the author to set the temperature and time for the pre-thermal heating are 
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only suggestions and should be fully investigated before the test phase is implemented as one 

part of the Extreme Environment Cyclic Testing procedure.  

As the author has mentioned safety factors should be taken into account when making the 

choice of temperature for the pre-thermal heating. The author has constructed one suggestion 

of how to determine the temperature based on the Level-cut method described by Olsson in 

[38]. The author suggests that measured temperature data from a truck over a whole year should 

be used as reference to this method. 

The method is a modification of the Level-cut method described by Olsson in which one first 

makes a level distribution spectrum from measured temperature data. This first step can be seen 

in Figure 77. 

 

Figure 77. First step of the Level-cut method where a temperature load spectrum is converted to a temperature load 

distribution spectrum [38]. 

The implementation in the method by the author is in the second step where one only takes the 

positive temperature span into account. The following steps are needed to calculate the 

reference temperature for the pre thermal heating: 

1. The positive temperature distribution span is divided into two parts with respect to the 

maximum measured temperature divided in two. A value of the temperature in each part 

is taken with respect to the median number of measurements of the temperature in each 

part. These are called T1 and T2.  

2. The reference temperature is then given by the average of T1 and T2.  

A schematic figure of the process is displayed in Figure 78. 
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Figure 78. Schematic figure of the author’s modification to the Level-cut method. 

This method will according to the author provide a value of the reference temperature for the 

pre-thermal heating that will be both over the average and the median value of the temperature. 

This is true under the assumption that the average and median measured temperature on a truck 

is low with respect to the maximum temperature. Hence the reference temperature will be 

conservative with respect to the average and median tamperature.  

A schematic figure of the new design of the EECT if the pre-thermal heating would be 

implemented can be seen in Figure 79. 

 

Figure 79. Schematic figure of new design of the EECT by the author. 

If the pre-thermal heating part is implemented the number of cycles in the warm sections needs 

to be reduced to seven, under the assumption that they are eight from the beginning, due to that 

the cold sections must begin in order to have a conservative testing of the maximum contraction 

in the material. If one were to take the humidity phase into account as well the new design of 

the EECT would be a little different, such design is displayed in Figure 80. 

 

 

Figure 80. Schematic figure of new design of the EECT including humidity sections. 

Time

me 

Temperature 

Pre-heating 

Warm section 

Cold section 

Time

me 

Temperature Pre-heating 
Humidity section 



65 

 

Finally the author would like to emphasize that time limit and the temperature of this pre-

thermal heating needs to be reliable determined before it can be implemented in the Extreme 

Environment Cyclic Testing procedure. Therefore it is just brought up as a discussion topic in 

this Master thesis. 

7.3.2 Component testing of door handle for different temperature gradients 

Unfortunately new door handles and new strain sensors could not be used for the temperature 

gradient tests due to time restrictions from the material lab at Scania. The judgement of the 

author is that no measurable plastic deformation have occurred on the door handles and 

therefore they can be used again. Before each gradient test the strain sensors were calibrated 

once again.  

In Figure 57 to Figure 59 the set temperature and the actual temperature are displayed. The 

actual temperature follows the set temperature and the slope of the strain tails in general the 

slope of the temperature. As seen in Figure 64 the average strain is highest for the 4°C/min 

temperature gradient. The maximum differences in maximum strain between the three 

configurations for the warm periods are independent on cycle number and below 3.5%, see 

Table 26. 

Table 26. Summary of maximum and minimum average strains for all sensors of the temperature gradient tests. 

Configuration\Cycle  1 [E-6] 2 [E-6] 3 [E-6] 

Cold 1°C/min -2565 -2529 -2527 

Cold 2°C/min -2567 -2485 -2476 

Cold 4°C/min -2565 -2482 -2475 

Warm 1°C/min 2853 2858 2861 

Warm 2°C/min 2915 2928 2934 

Warm 4°C/min 2945 2951 2957 

Range 1°C/min 5418 5487 5388 

Range 2°C/min 5482 5413 5410 

Range 4°C/min 5510 5433 5432 

 

The cold sections displays a decreasing trend instead of an increasing one for the warm sections 

dependent on cycle number. The maximum deviation between the cold sections is below 2.5%.  

The explanation to why the higher gradient causes the increase of strain for the warm periods 

is according to the author that the temperature in the material cannot follow the gradient, which 

is supported by the simulation results in Section 6.2.5. It is also seen in Table 19 where the 

strain rate is increasing with increasing slope for both the cold and warm sections, but even 

more in the warm sections compared to the cold. A higher temperature gradient results in a 

higher deviation between the temperature in the material and the surrounding one over time, 

hence the thermal load is consistently increasing until stabilization of the temperature is 

reached. If the material were able to follow the temperature gradient perfectly and the material 

would be strict linear in its behaviour then the values in Table 19 would be in perfect linear 

symmetry. This tendency can almost be seen for the second and third cycle between 

configuration 1°C/min and 2°C/min, which indicates that an increase of the slope to 2°C/min 

can be done. Here once again a clear fluctuation can be seen around the first cycle as seen in 

the testing of different period lengths. 
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A higher thermal load equals higher stresses in the material, which according to Yang and his 

team for a constant temperature could lead to non-linear rise of creep rate [34]. According to 

their results this behaviour increases with increasing temperature which can be one part of the 

explanation to why this behaviour is not seen for the first cycle of the cold section, see first 

column and first three rows in Table 26. The author believes that the reverse behaviour from 

the warm sections in Table 26 (the increase of maximum) for the cold sections (decrease of 

minimum) is caused by the behaviour in the warm sections. Therefore the author would 

recommend for future investigations that the tests are started with the warm segments or that 

the warm segments and cold segments are tested separately in order to be able to extinguish the 

causes easier. 

As final recommendation the author believes that the difference in maximum strain is not large 

enough to have considerable effect on the outcome of an Extreme Environment Cyclic Test and 

therefore recommends based on the test results that a higher temperature gradient should be 

used in order to save time during the tests. This is also supported by the maximum difference 

in the strain range from Figure 65 and Table 26 which is under 1.7 % between the 1°C/min 

configuration and the 4°C/min. Between the 1°C/min and 2°C/min configuration is the 

deviation below 1.2 %. The suggestion from the author is that the temperature gradient should 

be increased up to 2°C/min when possible, this is according to the results in Section 4.2.4 valid 

since it does not expose the material for thermal shocks. It is also realistic with respect to the 

calculated temperature gradients from the measurements in South Africa, see Table 1 in Section 

4.2.4. And it is in line with that the maximum strain rate of the material shows a linear behaviour 

to the temperature gradient for temperature gradients up to 2°C/min. 

7.3.3 Field test simulations in CD 7 

The unexpected high temperature that was measured around the lower front hatch is, according 

to the author, due to the position of the engine fan and the air stream that it causes. The fan 

causes the air from the cooler, which is around 100°C when driving under heavy duty, to 

circulate around the inside of the lower front hatch. This is based upon discussion with the 

RTGC team that helped performing the test in the wind tunnel. Another interesting 

measurement is the temperature on the IP, which indicated that the maximum temperature on 

the IP of a truck is well beneath the measured one on a car. This measurement corresponds well 

with the obtained values from the long field tests in South Africa. One explanation to the 

difference in the temperature for the IP when comparing to tests done at SP could be the longer 

testing time used at SP. It should also be mentioned that the difference in effect from the lamps 

due to distance should be taken into account when comparing the results with real life 

measurements, see Table 27 

Table 27. Values of irradiance as function of height over floor in the climatic wind tunnel CD7. Values were obtained in a 

calibration in 2013. 

Height over floor [m] 1.5 2.5 3.5 

Average irradiance [W/m2] 851 1021 1049 

 

It should be mentioned that the absolute of the values does not represent the test that was 

performed in CD 7 of the author. But these values shows the non-linear behaviour of the 

irradiance due to distance from the lamps. Therefore the conclusion can be drawn that the 

difference in height is not the explanation to why 95°C was measured on the roof hatch and 

55°C was measured on the sun visor. The explanation to this difference, since the height 
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difference is lower than 0.5 m, must be the angle of the sun visors. Thus must the double angle 

(60°) that the sun visor had to the lamps compared to the angle of 30° of the roof hatch be one 

part of the explanation to the decrease of 40°C between the two positions. The author suggests 

that more field tests should be done to investigate this relationship further. 

The author is pleased with the test in CD 7 and thinks it contributes well to the temperature 

matrix that is under construction and to the knowledge regarding the effect of sun lamps. To 

further build-up data of reference temperatures during heavy duty driving the author 

recommends that more simulated field tests are done with an even higher ambient temperature 

if possible to better reflect on worst case scenarios. 

7.3.4 Full component testing at SP in Borås to investigate effect of number of cycles 

From the results of the whole door no clear trend could be drawn regarding the impact of 

number of cycles. The explanation to this is according to the author due to that too many 

different parts were measured together. The deformation of the door is clear from the results 

but they are unfortunately not detailed enough in order to draw conclusion about the difference 

between each cycle. The author believes that this could have been done if each part of the whole 

door were presented individually from the scanning. The only conclusion the author can reliable 

draw from the scans of the whole door is that the positive deformation after the first cycle shows 

a clear overshoot when comparing to the other cycles. This phenomena has been seen in the 

other testing as well and therefore strengthens the argument by the author that there is 

fluctuation in the deformation in the beginning which then stables after some cycles.  

The same behaviour of fluctuation for the first cycles could be seen from the manual scan of 

the door handle. Here the active deformation zone for the evaluation was able to be just the 

door handle and therefore a better analysis could be done. The evaluation done in Table 22 and 

Table 23 pinpoints that there is a decrease of maximum deformation in the range of 0.40-0.60 

mm in cycles 8 and 9. It also displays that the fluctuation in average positive deformation 

stabilizes after four cycles and is less than 5 % for the last four cycles. These results strengthens 

the argument from the author that less cycles are needed in the EECT and that the 

recommendation of 8 cycles instead of 10 is reasonable.  

A comparison was also done between the testing at SP and the simplified simulations in 

COMSOL Multiphysics. The deformation scan from SP after the ninth cycle can be seen in 

Figure 81. 

 

Figure 81. Scan of deformation after the ninth cycle at SP. 
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The scan can be compared to the simulated deformation after the ninth cycle which is presented 

in Figure 82. 

 

Figure 82. Simulated deformation after the ninth cycle in COMSOL Multiphysics with the same testing parameters. 

One can between the two figures see clear similarities in deformation of the middle of the door 

handle. The deformation are in both the simulation and the actual testing around 0.4 mm on the 

top of the handle. This indicated what the author has mentioned earlier that the simplified 

simulation model is reasonable for maximum and minimum values but lack when it comes to 

predict time dependent effects. The differences on the edges between the simulation and the 

actual testing is due to different boundary conditions. The edges in the simulations were free in 

contradiction to the testing where they were locked due to surrounding geometry, which 

explains the larger deformations of the edges in the simulations compared to the testing.  
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8 Final discussion and conclusion 

In this chapter the final discussion and conclusions are made to summarize this work which had 

the goal to evaluate the impact of temperature gradients, length of periods and number of cycles 

in an Extreme Environment Cyclic Testing. Another goal in this work was to gather temperature 

data and to deeper the general knowledge in the field. The last main goal of this thesis was to 

evaluate a simplified case of sun radiation on different geometries.  

The literature survey, which was done with the aims to deeper the knowledge in the field and 

to gather temperature data showed that it can be concluded that the climate differences between 

South Africa and Arizona cannot be neglected. This is based upon that the volume difference, 

angle of the windscreen and height over ground affects the outcome but cannot reliable be 

determined to be the only explanation. To fully investigate if there are any severe differences 

between the two proving grounds, two identical test object should be placed on them and be 

measured during a set time period. A comparison between weather data in combination with 

above mentioned test could also be a suggestion for further work as part of the investigation. 

The literature survey displayed several options to set a maximum and minimum temperature 

for different components according to standards. The author would like to emphasise the 

importance of determining maximum and minimum temperatures from measured data on trucks 

and vehicles and not from climate data or standards. Enhanced knowledge regarding 

temperatures will according to the author lead to more accurate decisions which could lead to 

possible changes in the material for components. Thus there is a possibility of lower costs for 

the production of the components due to lower thermal loads. The author is pleased with the 

literature survey since it lead to deeper knowledge in the field and contributed well to the 

temperature matrix. 

The interviews gave good insights to the problems regarding climate temperature testing 

(EECT). Unfortunately time did not allow the author to conduct more than two interviews and 

therefore no major conclusions were drawn from them since more interviews needs to be made 

in order achieve significance in the findings.  

The results from the simulations of a simplified sun case shows that the results varies with the 

height of the geometry. The conclusions from the simulations are that the difference between 

the simplified sun radiation case where a temperature surplus is added to the surrounding 

temperature and the simplified real one where a temperature surplus is added to the surface of 

the component which is exposed to the sun can be neglected for components with a height of 

less than 0.01 m, if the temperature surplus is below 10°C. For a larger temperature surplus it 

can only be neglected for components with a thickness up to 0.001 m. 

It should also be stated that the two different cases simulated represents two different load cases. 

With an applied higher temperature on one side of the component one gets a bending load case 

in combination with a pulling of the inner colder material due to the expansion of the outer 

heated material. And with only an increased temperature one exposes the component for a 

pulling load case due to the expansion of the outer heated material closest to the air. 

Unfortunately for the author the simplified material model used in the simulations lead to more 

questions than answers. One conclusion that the results displays is that the difference in time 

that the component is holding the lower respectively higher temperature during an EECT is 
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small enough in order to say that the change in obtained strain can be neglected when the 

temperature gradient is increased to 2°C/min. 

The most important finding from the experimental results of temperature gradients, length of 

periods and number of cycles were: 

 The increase of offset was seen to be independent of temperature gradient and 

configurations of different period lengths. 

 The maximum strain rate was shown proportional to the temperature gradient up to 

2°C/min. 

 The maximum deviation in strain range for different temperature gradients were 1.2 % 

between the 1°C/min and 2°C/min configuration and 1.7 % between the 1°C/min and 

4°C/min configuration. 

 The maximum strain rate was shown to be independent of period length. 

 The deviations in maximum strain were below 2.5 % for the warm sections and below 

4 % for the cold sections for all configurations of period length. 

 The maximum difference in strain range was less than 1 % between the 4h8h 

configuration and the 3h6h configuration.  

 The results of maximum strain displayed clear oscillations independent of sensor 

position and configuration for up to four cycles from the testing at Scania. 

 The results of deformation of the door handle displayed oscillations for the first cycles 

with stabilization for higher number of cycles along with a decrease of maximum 

deformation after 8 cycles from the testing at SP. 

 The results of average strain had the tendency to stabilize after four cycles for both the 

cold and the warm sections independent of configuration. 

 The maximum difference in strain range between the first eight cycles and all ten cycles 

were 0.05 % for the 3h6h configuration and 0.06 % for the 4h8h configuration. If 

decreased down to six cycles the maximum deviation independent of configuration was 

below 0.15 %.  

Based on this the recommendations are that the control parameters of the Extreme Environment 

Cyclic Testing procedure are set accordingly to obtain a more efficient testing method: 

 The number of cycles in the EECT should be 8, since no significant changes in the 

results are seen for more cycles 

 The time in the cold section should be 3 hours 

 The time in the warm section should be 6 hours 

 The increase of temperature should be 2°C/min to improve testing efficiency 

In addition the author recommends to further investigate the possibility of a pre-thermal heating 

after four cycles in the EECT with the goal to implement it as soon as possible if found valid. 

The new suggested design of the EECT by the author can be seen in Section 7.3.1 in Figure 79. 

The simulation of a Spain field test in CD 7 displayed the fact that high temperatures can arise 

during heavy duty driving. In order to withstand the thermal load, components on the front 

hatch needs to be proved for up to 70°C. It also displayed similarities in the obtained results 

with the South Africa measurements. To further investigate this the author recommends that 

similar simulated field tests are done with an ambient temperature of 40-45°C.  
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With the described testing performed at RCCV, mechanical testing, at Scania there are several 

improvements that this Master thesis can give to the testing methods in order for it to be more 

focused on sustainability. One improvement that the author can recommend is that if more 

accurate testing would be done, the need of testing hours would drop and hence the 

environmental load from the testing. An improved testing would also lead to better dimensioned 

components that could decrease the load of the vehicles and thus the environmental load from 

them both during the production but also from them during the life time. In the same time this 

could lead to a decrease in cost – money that could be invested in other environmental 

improvements across the company. 

If one compares the new proposed design of the EECT with the one used today which is a 4h8h 

configuration of 10 cycles one could save up to 70 h. Of this 70 h are 15 h due to increased 

temperature gradient, 15 h due to shorter period lengths and 40 h due to decreased number of 

cycles to eight. Even if the pre-thermal heating implementation were to be 20 h long and one 

does not have the capacity to increase the temperature gradient one would still reduce the testing 

time with 35 h. That corresponds to 25 % less time and approximately 25 % lower energy costs, 

thus improving both the financial gain for Scania as well improving the situation for the 

environment. This gain would be increased if one were to add a humidity section of 12 h to the 

EECT. The new design of the EECT only needs seven sections of humidity and therefore would 

the total gain under the same assumptions as mentioned earlier increase to 25.4 % less hours of 

testing. An example of such design of the EECT with a humidity section can be seen in Figure 

80 in Section 7.3.1. 

Another key stone in order to achieve sustainability for future testing is to gradually perform 

more and more testing through simulations. If more simulations would be done compared to 

the present day both the environment and Scania would benefit from it. Such benefits can for 

example be reduction in the number of prototypes used during the R&D phase. This agrees well 

with the recommendations to reduce prototypes that Johansson and Sätterman gave Scania in 

2012 [39].  

In order to fully achieve sustainability the new design of the EECT needs to be implemented 

for all components but before that is possible changes in different parameters between different 

components need to be evaluated. Parameters that could change when another component is 

used are the geometry, material and the weight. A larger geometry can be simplified by the 

assumption that the main characteristics can be estimated by a larger weight of the component. 

The weight would in worst case increase the stresses, hence increase the load. According to 

Lakes [36] an increasing load would both increase the maximum strain and the strain rate during 

the primary creep phase. The results by Yang and his team confirms that the maximum strain 

would increase with the load and that the creep rate increases with load as well. According to 

their results the creep rate decreases over time independent of load [34]. Since both theory and 

test results indicates that increased load would in a simplified case only have a proportional 

impact on the strain, the author believes that the recommendations can be seen valid to include 

larger components as well of elastic or viscoelastic plastic material.  

As a final word it should be stated that the four recommendations for the EECT in this section 

are according to the author independent of each other and their aim is to save time during the 

EECT without compromising the results.  
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9 Future work 

The author recommends that future work in this field is done in order to further tune the control 

setting parameters of the EECT and increase the data of temperatures in different zones of a 

cab. The author would like to emphasize the importance of further investigating the effects of 

a pre-thermal heating as well before it is implemented as a part of the EECT. Proposals of future 

work are: 

 The positioning of identical cabs in South Africa and Arizona during the same time 

period to distinguish the difference between the test sites. A down scaled test can also 

be done to reduce the costs.  

 Perform identical tests to the one by the author on different components of size, weight, 

material and geometry in order to further generalize the recommendations.  

 Further investigate which material models that could be used in simulation software’s 

in order to simulate the chamber tests.  

 Perform strain measurements on field trucks during one year to evaluate the impact on 

climate loads and thus further investigate the possibility of a pre-thermal heating. 
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Appendix A – Climate conditions 

Table 28. Possibility of low temperature occurrence during the coldest days [13]. 

Low temperatures [°C] Probability of occurrence [%] 

-51 20 

-54 10 

-57 5 

-61 1 

 

Table 29. Minimum temperatures in the world [13]. 

Type Location Ambient air [°C] 

Mild cold (C0) 

Coastal areas of western 

Europe, Southeast Australia 

and lowlands of New 

Zealand. 

-6 to -19 

Basic cold (C1) 

Most of Europe, northern 

contiguous US, southern 

Canada and high-latitude 

coast. 

-21 to -31 

Cold (C2) 

Northern Canada, Alaska, 

Greenland, northern 

Scandinavia, northern Asia, 

areas of high elevation, 

Alps, Himalayas and Andes.  

-37 to -46 

Severe cold (C3) 

Interior of Alaska, Yukon 

(Canada,), northern Islands, 

Greenland and northern 

Asia. 

-51 

 

Table 30. Maximum temperatures in the world [13]. 

Type Location Ambient air [°C] Induced [°C] 

Basic hot United states, 

Mexico, Africa, 

Asia, Australia, 

south America, 

southern Spain 

30-43 30-63 

Hot Northern Africa, 

Middle East, 

Pakistan, India, 

southern United 

States, and northern 

Mexico. 

32-49 33-71 
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Appendix B – Climate and radiation cycles 

 

Figure 83. Climate and radiation cycle for the climate zones in the world [13]. 
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Figure 84. Humidity cycle recommended by MIL-STD-810F [13]. 

 

Figure 85. Recommended testing cycle for sun simulation from the Swedish defence material department [25].  
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Appendix C – Drawing of structure for component testing 

 

 

Figure 86. Drawing of structure for component testing, all measurements are in mm. 
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Appendix D – Method for calibration of strain sensors 

The calibration was done with help of a known load case displayed in Table 31.  

Table 31. Values of known load case for calibration. 

Cross section  38.465 [mm2] 

Mass 10 [kg] 

Tensile strength 210 [GPa] 

Strain 12.14 [1] 

 

With the given data for the load case and with the data of the sensors, shown in Table 32. 

Table 32. Sensor data and calculated strain for the calibration. 

Parameter\Gauge type GFLA-6-350-70  FLA-6-11 

Gauge factor 2.14 [-] 2.12 [-] 

Gauge resistance  350 [Ohm] 120 [Ohm] 

Bridge factor 1 1 

Shunt resistance 100000 [Ohm] 100000 [Ohm] 

Calculated strain  1629.81 [E-6] 565.36 [E-6] 
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