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Abstract 
[The purpose of this thesis work was to carry out initial studies on Scania’s 
possibility to have plastic rearview mirror glasses as that for example may 
reduce costs and problems for Scania’s customers and enable another design 
of the mirror assembly. It was performed by studying the legislative and 
Scania demands regarding rearview mirrors to write a test program, find and 
order plastic mirrors, and then perform the tests and evaluate the mirrors to 
see if they seem good enough for Scania’s trucks. A Scania technical 
regulation for rearview mirror glass was also written. 
 
The tested mirrors were a Scania glass mirror as reference, a PC mirror from 
Sabic, a PC and a PMMA mirror from Specchidea, a mirror from SMR 
automotive, an ABS mirror from Ficocipa/Renault, an ABS mirror from Ford 
and a PC plastic from Bayer and they were tested for scratch resistance, 
temperature variations, impact resistance, corrosion and chemical resistance 
in that order. If a sample did not pass a certain test, it was not subjected to the 
next one. 
 
Of all samples it was only the SMR mirror and the reference glass mirror that 
passed the first test (scratch resistance). The others became too scratched 
and were not tested further. The SMR and the glass mirror also withstood all 
the following tests very good, the SMR mirror was the best one of the tested 
mirrors. Probably the SMR mirror was the best one because many of the other 
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mirrors did not seem to have been made for outdoor conditions and because it 
seemed to be the most modern mirror with a good abrasion resistant coating. 
 
It was concluded that there is a future for plastic mirror glasses, that it would 
be interesting to do more tests on the mirrors, for example a UV test and a 
distortion test, and to test more mirrors as a new generation of plastic mirror 
glass seem to be underway. It would also be interesting to know how much 
cheaper and lighter the whole mirror assembly can become by changing to 
plastic mirror glass, which weighs 68% less than a glass mirror.] 
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1 Summary 
 
The purpose of this thesis work was to carry out initial studies on Scania’s 
possibility to have plastic rearview mirror glasses as that for example may 
reduce costs and problems for Scania’s customers and enable another design 
of the mirror assembly. It was performed by studying the legislative and 
Scania demands regarding rearview mirrors to write a test program, find and 
order plastic mirrors, and then perform the tests and evaluate the mirrors to 
see if they seem good enough for Scania’s trucks. A Scania technical 
regulation for rearview mirror glass was also written. 
 
The tested mirrors were a Scania glass mirror as reference, a PC mirror from 
Sabic, a PC and a PMMA mirror from Specchidea, a mirror from SMR 
automotive, an ABS mirror from Ficocipa/Renault, an ABS mirror from Ford 
and a PC plastic from Bayer and they were tested for scratch resistance, 
temperature variations, impact resistance, corrosion and chemical resistance 
in that order. If a sample did not pass a certain test, it was not subjected to the 
next one. 
 
Of all samples it was only the SMR mirror and the reference glass mirror that 
passed the first test (scratch resistance). The others became too scratched 
and were not tested further. The SMR and the glass mirror also withstood all 
the following tests very good, the SMR mirror was the best one of the tested 
mirrors. Probably the SMR mirror was the best one because many of the other 
mirrors did not seem to have been made for outdoor conditions and because it 
seemed to be the most modern mirror with a good abrasion resistant coating. 
 
It was concluded that there is a future for plastic mirror glasses, that it would 
be interesting to do more tests on the mirrors, for example a UV test and a 
distortion test, and to test more mirrors as a new generation of plastic mirror 
glass seem to be underway. It would also be interesting to know how much 
cheaper and lighter the whole mirror assembly can become by changing to 
plastic mirror glass, which weighs 68% less than a glass mirror. 
 
2 Introduction 
 
The aim of this thesis work was to investigate the possibility of having plastic 
mirror material instead of glass in Scania’s exterior rear view mirrors as that 
might increase the quality and reduce costs for Scania and their final 
customers. 
 
A drawback with the current rear view mirror plates is that they are made of 
glass which is a very brittle material. Glass mirrors are easily broken by 
shocks, resulting in a drastically reduced or even totally lost visibility, which 
requires an immediate replacement of the mirror. This is a problem for some of 
Scania’s final customers and therefore an investigation about plastic as mirror 
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material is of interest as plastic can be as transparent as glass but be a lot 
tougher and more flexible than glass and take up more energy before it 
breaks. Looking at the sales of spare parts, Scania has sold a substantial 
amount of glass mirrors the last five years1. The origin to this study was a wish 
for less brittle mirrors as there are problems with breakages of mirrors, leading 
to time-wasting visits to the garage. 
 
Another advantage of introducing plastic as mirror material is that it is lighter 
than glass. A weight reduction of the mirror enables a more simple design of 
the housing, the attachment and the actuator that is used to adjust the mirror. 
A simpler design would also reduce the cost for the mirror assembly. A new 
housing design is however not investigated in this study. Table 1 shows a 
calculation of a possible weight reduction of the mirror glass. The area is the 
total area of both the big mirror and the wide-angle mirror on a Scania truck. 
The density of the plastic is for PC/PMMA that both lie just below 1,2 g/cm3. 
The possible weight reduction of the whole assembly is not considered in this 
study. 
 
Table 1 – Calculations of weights of glass mirror and plastic mirror 

  Glass Plastic 
Area 805+262=1067 cm2 (ref. 2) 805+262=1067 cm3 
Thickness 3 mm = 0,3 cm 2 mm = 0,2 cm 
Volume 320,1 cm3 213,4 cm3 
Density 2,5 g/cm3 (ref. 3) 1,2 g/cm3 (ref. 4) 
Weight 800 g 256 g 
 
Of course there are also disadvantages with plastic compared to glass. For 
example plastic can be more sensitive to scratches, chemicals and UV light 
and have a higher coefficient of linear expansion which might distort the 
image. These problems can however be solved by choosing the right polymer 
and by using additives and protective layers etc. 
 
Plastic mirror materials exist today, for example in mirrors for children. Those 
materials are much more difficult to break than glass and they are safer if they 
do break as the pieces do not become as sharp-edged as glass pieces. That 
is another advantage of having rearview mirrors in plastic; the injury risk of 
passengers and pedestrians is reduced. Another existing market for plastic 
mirrors is industrial and traffic mirrors. They are often convex in order to give a 
wide-angle view as their function most commonly is to give an overview of an 
area which is difficult to survey. Regarding rearview mirrors in plastic there are 
some on the market for passenger cars and there is ongoing research in the 
area also regarding truck mirrors, for example at SMR automotive and Vtec 
Technologies. 
 
There are no earlier studies about plastic rearview mirrors at Scania, just a 
master thesis from 2008 about mirror design (Backspegelutformning by S. 
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Janson and D. Kjellin) that was concentrated on the whole mirror housing 
wherein the mirrors were made of glass. There is also a short Scania test 
report from 2006 (R2006-0063 by C. Lundemo) regarding an aging test of a 
PMMA mirror. It was an adhesion test on just one plastic mirror that was 
provided from one of Scania’s mirror suppliers. That test showed that the 
PMMA mirror had acceptable impact strength and dimension stability but poor 
adhesion between the reflective layer and the plastic substrate after the aging. 
 
Three patents were also found: 
– US6601960 Transparent plastic or polymer based mirror and method for 
making the same, by D. A. Richard from 2003 
– US6737105 Multilayered hydrophobic coating and method of manufacturing 
the same, by D. A. Richard from 2004 
– US2009/0268293 Plastic glass mirror for vehicles, by B. Duroux from 2009 
 
US6601960 is about a multilayered plastic mirror, preferably made of 
poly(methyl methacrylate) or the like,  that is resistant to distortion, and 
US6737105 is about a multilayered coating for transparent substrate that can 
be used for plastic mirrors for better durability and weatherability. 
US2009/0268293 is about a rear view mirror of plastic that combines several 
functions as fixing and heating, and that reduces the weight compared to 
ordinary mirrors of glass. 
 
3 Theory 
 
3.1 Mirrors 
 
In order for a surface to act as a perfect mirror, the surface must reflect as 
much light as possible (implying transmit and absorb as little light as possible). 
It is achieved by having a perfectly smooth surface which is not transparent. 
This is exactly what a mirror is, a sheet of glass coated with a reflective layer 
of chromium, aluminium or silver. The glass contains very few pits and is very 
smooth, especially when polished, and forms an effective base for the metal 
layer while the metal layer is there to reflect the light. The glass also protects 
the reflective layer if the coating is applied on the back side.5,6 
 
When designing mirrors, surface regularity is presumably the most important 
design parameter. Mirrors for household use, window panes and picture frame 
glass have almost the same requirements. Those glasses need to be fairly flat 
and durable. Only the thickness has to be specified, a thicker mirror is more 
durable but also heavier. Scientific mirrors have higher demands. They need 
to be smooth with micrometer accuracy and can be formed with a curvature, 
like lenses. Just like lenses, mirrors can be designed to focus light instead of 
reflecting it. The reflective coating of scientific mirrors is applied on the front 
surface of the glass, instead of on the back, as light always distort a little when 
it travels trough glass. That is of course good to avoid in precision optics. It is 
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called a first surface mirror, apart from a second surface mirror where the 
reflective coating is applied on the back side of the substrate. Also other 
mirrors than scientific ones can be first surface mirrors if an image totally free 
from distortion is wanted. 
 
3.1.1 Manufacturing steps 
 
The manufacturing process may differ a little between different manufacturers 
but it comprises approximately the same process steps. The following is one 
example of how it is carried out. Scania mirrors are however manufactured in 
a slightly different way. Regarding plastic mirrors, those are often injection-
moulded. 
 
The process comprises cutting and bending the glass blanks, grinding them to 
get a smooth surface, and finally applying the reflective material. First the 
desired size and shape of the mirror is cut out, some mirror manufacturers get 
pre-cut pieces and some cut them themselves. The glass is often cut with 
saws containing diamond as it is a very hard material that does not wear 
down. The glass is either cut partly and then broken along the score line, or 
cut entirely through the material. Cutting is usually performed as first process 
step in stead of last as flaking of the coating may occur otherwise as a 
consequence of cutting through both glass and coating. But sometimes the 
glass is first cut approximately to the right shape and then cut to the exactly 
right shape after applying the reflective coating. One can also cast the glass 
into the desired shape instead of cutting. Shaping the glass into the desired 
curvature is performed by heating up the glass while putting it on a spherical 
shape. 
 
Grinding is performed in optical grinding machines consisting of large base 
plates holding the glass blanks, see Figure 1. The base with the blanks is then 
placed against another metal plate that is flat, convex or concave (depending 
on the wanted surface shape). A gritty liquid is put on the blanks and they are 
then rubbed against the curved plate to gradually wear away glass material. 
Eventually the glass adopts the same shape as the plate and the surface is 
very even. Hand grinding also exists but is used very seldom as it is time-
consuming and difficult to control. It is only used when automatic grinding is 
impossible to use, for example when having unusual sizes or shapes. At last 
the surface is washed and subjected to plasma cleaning which activates the 
surface for the following coating of the glass. 
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Figure 1 – Example of mirror grinding machine7 

 
When the glass is shaped and the surface is smooth and activated it is finally 
time to apply the reflective coating. It is carried out in an evaporator which is a 
big vacuum chamber with an upper plate upholding the blanks, and a lower 
melting pot for melted coating metal, see Figure 2. The metal is heated to its 
boiling point at which it evaporates and deposits a coating on the glass 
surface, the thickness is of the magnitude of 20 nm. It can be compared with 
breathing on a cold window. By this method the coating gets very even and 
thereby highly reflective. If it is first surface mirrors the mirrors may lay down 
instead of hang when being coated. 
 

 
Figure 2 – Concept of vacuum deposition8 

 
This coating method, physical vapour deposition (PVD), is a commonly used 
method for optical coatings, concerning both organic and inorganic substrates. 
There are however different variants of the method as plastic cannot withstand 
the same temperatures as inorganic substrates like glass. Different 
temperatures are used for different substrates. Physical vapour deposition 
comprises many coating techniques but they are all based on a transfer 
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process of the coating material from a solid to a vapour phase followed by a 
condensation as thin solid film on the substrate.9 
 
What kind of reflective coating to use depends on the required durability and 
reflectivity. Examples of materials that can be used are silver, aluminium, gold 
and chrome. Silver has been the most common metal in the last century, while 
aluminium and chrome are the most common materials today. The difference 
between silver and aluminium is that they have different reflectance in different 
wavelength intervals, see Figure 3. Aluminium has better reflectance in the UV 
region (below 400 nm in this picture) but silver has better reflectance in the 
interval for visible light (around 400-750 nm) which is the important region for 
rearview mirrors. Aluminium is however cheaper than silver, which is an 
important parameter in choosing material. The different metals’ impact on the 
environment also has to be considered; silver and chrome can for example 
form toxic compounds. For rearview mirrors the reflectance does however not 
have to be as high as shown in the figure, a typical reflectance is 65 % for 
trucks and 55 % for passenger cars. The capacity is not fully used because a 
too high reflectance is disturbing for the driver. Additional coatings which are 
more scratch resistant than metal coatings and are used to protect the 
reflective coating are also often added. One example is dielectric coatings 
which often consist of silicon oxides and silicon nitrides.6,10 
 

 
Figure 3 – Reflectance in different wavelength regions for different coating metals. The grey area 
is approximately the wavelength interval for visible light11 

 
 
3.2 Scania’s rearview mirrors 
 
Truck mirrors are divided into four classes; II, IV, V and VI. The class denotes 
what type of mirror it is (where it is placed on/in the truck which depends on 
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what area around the truck it is constructed to reflect to the driver). Class I is 
an interior rearview mirror and class III is a mirror for passenger cars. They are 
not regarded in this study as they are not used on trucks. Class II and IV are 
the main exterior rearview mirror and the wide-angle exterior mirror 
respectively. In Figure 4 those are the two mirrors situated on the two arms 
pointing out from the door, the big one is a class II mirror and the small one is 
a class IV mirror. The other two mirrors in the figure are the close-proximity 
exterior mirror (class V) and the front mirror (class VI). The function of the 
mirrors is to enable an adequate view around the truck with a minimum 
influence on aerodynamic drag, wind noise and direct vision. As Scania’s 
trucks have a maximum weight exceeding 12 tonnes they need to have all four 
mirrors (class II, IV, V and VI)12.13,14 
 

 
Figure 4 – The exterior mirrors (class II, IV, V and VI) on a Scania R-series truck15 

 
Beside the assembly of the class II and class IV mirrors in Figure 4, which is 
called the aerodynamic rearview mirror, Scania has two other ones. The 
second one is a basic rearview mirror and the third one is a mirror that is used 
only in Japan, see Figure 5 and   Figure 6 respectively. The 
basic rearview mirror is designed to have a minimum impact on direct vision 
while the one used in Japan exists due to different demands there. It is 
mounted on the passenger’s side and is only used on trucks for the Japanese 
market. The aerodynamic rearview mirror is by far the most widely used 
mirror. There are also two lengths on the arms depending on the width of the 
chassis, one for 2600 mm and one for 2500 and 2550 mm. 
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Figure 5 – Basic rearview mirror13  Figure 6 – Japanese rearview mirror13 

 
3.3 Demands 
 
3.3.1 Legislative demands 
 
The current legislative demand for rearview mirrors is 2003/97/EC14 and has 
been in force since January 2006. The most important demands in it are 
presented in this part. The summary of both the legislative and the Scania 
demands are focused on the requirements on the mirror glass, and not the 
housing, as long as the requirement is not directly related to the glass. 
 

1. The class II main exterior rearview mirror glass has to be enough big to 
contain 

• a 40 mm high rectangle with the length 

r

a
10001

170

+
=  where r is the 

radius of the mirror. 
Two examples: r=1200 gives a≈92,7 and r=1800 gives a≈109,3. 

• a 200 mm high segment which is parallel to the height of the rectangle 
 
This means that the mirror dimensions at least have to be enough large 
to make it possible to inscribe a rectangle and a line of given 
dimensions in the mirror glass, see Figure 7. The class IV, V and VI 
mirrors only have to be “of simple geometric form” and provide the field 
of vision that is demanded on each mirror, see further on in this section. 
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Figure 7 – Schematic illustration of size requirements of class II mirror 

 
2. The minimum radii for the different mirrors are stated as follows: class II 

(main mirror) – 1200 mm, class IV (wide angle mirror) and class V 
(close-proximity mirror) – 300 mm and class VI (front mirror) – 200 mm. 

 
3. The coefficient of reflection of the reflecting surfaces must not be lower 

than 40 %. 
 

4. Mirrors shall be subjected to an impact test described in annex II, point 
4.2. 

 
5. The mirrors must be fitted so that they do not move or vibrate to the 

extent that the driver perceives the wrong field of vision or misinterprets 
the image. This applies when the vehicle is moving at speeds up to 
80 % of its maximum. 

 
6. The different mirror classes have different demands on the fields of 

vision. The fields for the different classes are illustrated in the following 
figures: class II - Figure 8, class IV - Figure 9, class V - Figure 10, and 
class VI - Figure 11. 

 
 

 
Figure 8 – Field of vision of class II main mirrors14 
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Figure 9 - Field of vision of class IV wide-angle mirrors14 

 
 

 
Figure 10 – Field of vision of class V close-proximity mirror14 
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Figure 11 - Field of vision of class VI front mirror14 

 
 
3.4 Plastic mirror materials 
 
When having a first surface mirror, the transparency of the plastic is not 
important as the light is not travelling through the plastic. But regarding second 
surface mirrors it is of importance. The following are the two most common 
transparent mirror plastics. 
 
3.4.1 Polycarbonate (PC) 
 
Polycarbonate is an amorphous, strong, tough and very impact resistant 
thermoplastic that has a very good transparency with a transmittance of 89%. 
The impact resistance is maintained down to -40 °C and comes from the linear 
polymer chain without bulky side chains and with aromatic groups which 
stiffens the material, see Figure 12. Polycarbonate has a smaller tendency to 
shrink than many other plastics and keeps its good properties up to 120 °C. It 
is self-extinguishing and the water absorption is low. Tg=150 °C for 
polycarbonate. All these properties are suitable for a plastic mirror glass 
application, especially the impact resistance in various temperatures and the 
dimension stability. Typical applications for polycarbonate are CDs, baby 
feeding bottles, vandal proof glazing and headlamp lenses, see Figure 13. 
 

 
Figure 12 – Repeating unit of polycarbonate (PC) 
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Figure 13 – Typical applications for polycarbonate 

 
Of course polycarbonate also has disadvantages. Examples are a limited 
chemical and scratch resistance, stress cracking, and sensitivity to UV light. 
These problems can however be overcome by using additives or by covering 
the polycarbonate with a protective coating. The low chemical resistance 
concerns amines, alkaline solutions and ammonia. Polycarbonate swells in 
benzene and acetone and is decomposed in methylene chloride, chloroform, 
trichloroethane and other chlorinated solvents. Strong acids, esters, ketones 
and aromatic hydrocarbons (benzene, naphthalene etc) are to be avoided.16,17 
 
 
3.4.2 Poly(methyl methacrylate) (PMMA) 
 
PMMA is, like polycarbonate, an amorphous, transparent and somewhat 
impact resistant polymer. The transmittance is 92 % and the impact resistance 
is almost completely independent of the temperature, but is not as good as for 
polycarbonate. PMMA is 70-75 % syndiotactic and has quite bulgy side groups 
in the polymer chain making it amorphous, see Figure 14. The material is also 
stiff and hard. PMMA has unique characteristics in terms of weather resistance 
and optical properties. It has better UV resistance than polycarbonate but is 
also not very scratch resistant. It withstands chemicals like detergents, alkaline 
and acidic solutions and aliphatic hydrocarbons (methane, propylene etc) but 
is sensitive to aromatic hydrocarbons, esters and ketones. Another drawback 
of the polymer is the difficulty to use it in vacuum coating9. Typical applications 
for PMMA are headlamp lenses, in- and outdoor signs, aquariums, windows 
and medical applications.16,18 
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Figure 14 – Repeating unit of poly(methyl methacrylate) (PMMA) 

 
 
4 Experimental 
 
The investigation comprised studying the legislative and Scania demands on 
rearview mirrors, then find and order plastic mirrors, and finally test and 
evaluate them according to a test program based on the demands to 
determine whether it might be possible to use them on Scania’s trucks or not. 
The glass mirror that is used today was also tested as a reference for the 
plastic mirrors. Irrespective of the tests results of the samples in this study, the 
test program can be used for testing other samples in the future. A draft to a 
Scania technical regulation (TB4270) has been made to facilitate testing of 
mirror glass in the future. 
 
4.1 Specimens 
 

1. Scania glass mirror, part number 1541159 (reference, second 
surface mirror) 
 

2. PC (Lexan 1110R) mirror from Sabic (second surface mirror) 
 

3. PMMA mirror from Specchidea (second surface mirror) 
 
http://www.specchidea.it/ 
 

4. PC mirror from Specchidea (second surface mirror) 
 

5. Plastic mirror from SMR (first surface mirror) 
 
SMR (Samvardhana Motherson Reflectec, http://www.smr-
automotive.com/) is a company that develops and produces rear vision 
systems for the automotive industry. For the present they are 
cooperating with Volkswagen who is testing their plastic rearview 
mirrors. The received sample was a plastic mirror glass for passenger 
cars. The company did not tell what plastic the mirror was made of and 
the FTIR analysis did not give any good result. What they did tell was 
that it was vacuum metallized and had a thermally cured silicon hard-
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coat. 
 

6. ABS mirror from Ficocipa (first surface mirror) 
 
This was a spare part from Renault (part number 7701050269) used on 
their light van Renault Trafic. It was bought at Bilia Segeltorp. 
 

7. ABS mirror from Ford (first surface mirror) 
 
This sample was a spare part from Ford (part number 4458063) that is 
used on their light van Ford Transit. It was bought at Bilia Segeltorp. 
 

8. PC plastic from Bayer 
 
The sample from Bayer was just a plastic sample (without reflective 
coating). It was a PC called Makrolon AG2677 coated with an abrasion 
resistant, weatherable silicone hard coat called SHP470 FT2050 / 
AS4700 (basecoat + topcoat). 

 
4.2 Testing methods 
 
The samples were subjected to the tests in the following order. If a sample did 
not pass a certain test, it was not subjected to the next one. 
 
 
4.2.1 Scratch resistance 
 
The scratch resistance was evaluated with an Amtec Kistler car wash lab 
apparatus, see Figure 15. It is a small-scale car wash that consists of a big 
rotating brush of polyethylene, a test panel holder on which the sample is 
mounted, and two nozzles. The panel holder slides back and forth horizontally 
while the brush rotates and the nozzles spray the brush with water containing 
silica powder. The testing was carried out according to standard ISO 20566 
(10 washing cycles). The samples were evaluated both visually and, if they 
were not directly rejected, by gloss/reflectance measurements according to 
ISO 2813 on a washed and a non washed surface of the sample for 
comparison. It is also good to know the reflectance value of the mirror, which 
is obtained at the same time (the value before car wash). The apparatus used 
for measuring reflectance was a micro-TRI-gloss from BYK Gardner. The 
results were mean values of six spots and the angle used was 60 °. 
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Figure 15 – Amtec Kistler car wash lab apparatus 

 
4.2.2 Temperature variations 
 
The resistance against temperature variations was examined by a temperature 
cycling test in a Weiss SB2/300 climate chamber, see Figure 16. Nine cycles 
of the following program were carried out: 
4 h -40 °C 
4 h 90 °C 
16 h 38 °C, 95 % RH 
The mirrors were evaluated both visually, to find possible changes in 
dimension or surfaces, and by a cross-cut test both before and after the 
temperature cycling in order to evaluate the adhesion between the reflective 
coating and the plastic. The cross-cut test followed ISO 2409 and the spacing 
of cuts was 1 mm. The result was classified according to the classification 
table in the standard which is shown in Table 2. 
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Figure 16 – Weiss SB2/300 climate chamber 
Table 2 – Classification table of cross-cut test results19 

 
 

4.2.3 Impact resistance 
 
Impact resistance was evaluated in an Erichsen 304 manual impact tester, see 
Figure 17 and ISO 6272. Basically it consists of a pipe wherein a metal 
cylinder with a weight of 1 kg and with a hemispherical top is dropped from a 
certain height, and hits the sample at the bottom (on the metal ring on the blue 
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bottom plate). The diameter of the hemisphere is 20 mm. The weight was 
dropped from greater and greater heights until the mirror cracked. The height, 
expressed in metres, when it cracked was used to calculate a maximum 
energy that the mirror could withstand. 
 

 
Figure 17 – Erichsen 304 manual impact tester 

 
4.2.4 Corrosion 
 
Corrosion testing was carried out with an accelerated corrosion testing (ACT) 
chamber from Control Art (see Figure 18) according to the Scania standard 
STD4319. The ACT is an atmospheric chamber that varies temperature and 
humidity (%RH) according to the cycle in Figure 19. It also exposes the 
samples to sodium chloride in order to imitate road conditions. The cycle 
consists of a main cycle, sub-cycle 1, and a rain cycle, sub-cycle 2, which is 
run twice a week. The big difference between them is that sub-cycle 2 includes 
a rain of a 1 wt% sodium chloride solution. For more information about the 
cycles, see the Scania standard STD4319. The samples were taken out after 
four weeks in the ACT. Six weeks in the ACT corresponds to a two year use in 
field so the four weeks that the mirrors were tested corresponds to 16 months 
in field. 
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Figure 18 – Control Art ACT 

 

 
Figure 19 – Cycles of the ACT20 

 
4.2.5 Chemical resistance 
 
Two chemicals were used for this testing, a cleaning agent and a concentrated 
washer fluid. As cleaning agent Naturol-22 was used and as washer fluid 
isopropanol was used. The Naturol-22, which is a highly concentrated 
degreaser/heavy duty cleaner, was diluted until the pH was around 9 and the 
isopropanol was diluted with an equal proportion of water as of isopropanol. A 
thick paper cloth was soaked with the chemical and placed on the sample for 
one day. 
 
 
5 Results & Discussion 
 
5.1 Scratch resistance 
 
All samples were tested in the simulated car wash but regarding 
reflectance/gloss measuring the glass mirror was excluded as it had a too 
large curvature which made it difficult to carry out the measuring. Also the 
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Sabic and the Specchidea mirrors were excluded from that measuring as they 
directly could be rejected since they became far too scratched in the car wash 
to qualify for more tests. The result from the reflectance/gloss measuring is 
presented in Table 3. The values for the Bayer sample are low because the 
sample, as mentioned in the experimental part, was not a mirror but a plate of 
transparent plastic. 
 
Table 3 – Reflectance of the mirrors before and after simulated car wash 

 
Reflectance 

[%] 
Difference Standard 

deviation 
SMR unwashed 49,9 

4,5 
0,2 

SMR washed 45,4 0,7 
Ficocipa unwashed 59,5 2,4 0,1 
Ficocipa washed 57,1 2,1 
Ford unwashed 59,6 1,2 0,1 
Ford washed 58,4 2,8 
Bayer unwashed 15,1 0,7 0,1 
Bayer washed 14,4 0,2 
 
When examining the mirrors visually after the car wash it was observed that 
the glass mirror and the SMR mirror withstood the test best. The glass mirror 
looked the same before and after the test and on the SMR mirror one could 
barely distinguish a few very small scratches. The Ficocipa, Ford and Bayer 
plates became quite scratched and were not subjected to more testing. The 
Sabic and Specchidea mirrors became most scratched of the samples and 
were neither tested further. Consequently, only the SMR mirror and the glass 
mirror were tested further. 
 
It is noticed that the difference in reflectance does not seem to correlate to 
how scratched the surface became. The difference between unwashed and 
washed surface for the SMR mirror was larger than the differences for the 
Ficocipa and Ford mirrors in spite of the fact that they were more scratched, 
for example. Consequently, the mirrors were only evaluated visually in this 
part. 
 
 
 
5.2 Temperature variations 
 
Neither the glass mirror nor the SMR mirror looked different after the 
temperature test. The result of the cross-cut test was a 0 (nothing detached) 
both before and after the temperature cycling for both mirrors. 
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5.3 Impact resistance 
 
The glass mirror withstood Jhgm 06,221,081,91 =××=×× . It was surprising 
that the glass withstood as much energy as it did. The SMR mirror 
withstood Jhgm 35,224,081,91 =××=×× but circular, hazy marks from the 
hemispherical top appeared already after Jhgm 29,003,081,91 =××=×× . 
 
5.4 Corrosion 
 
No difference in appearance could be observed on the two mirrors after the 
corrosion test so they passed the test. 
 
5.5 Chemical resistance 
 
The chemicals did not affect the two mirrors at all. 
 
5.6 Summary table of test results 
 
Table 4 summarizes the results from the testing of the different samples. 1st 
denotes first surface mirror and 2nd denotes second surface mirror. 
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Table 4 – Summary of test results 

 Scratch resistance Temperature variations Impact resistance Corrosion 
Chemical 
resistance 

1. Glass mirror (reference), 2nd 
Good (no visible 
change) No effect, Cross-cut before/after: 0/0 Cracks: 2,06 J No effect No effect 

2. PC mirror Sabic, 2nd Bad (hazy image) - - - - 

3. PMMA mirror Specchidea, 2nd Bad (hazy image) - - - - 

4. PC mirror Specchidea, 2nd Bad (hazy image) - - - - 

5. Plastic mirror SMR, 1st 
Good (no visible 
change) No effect, Cross-cut before/after: 0/0 Cracks: 2,35 J marks: 0,29 J No effect No effect 

6. ABS mirror Ficocipa, 1st 
Bad (scratched 
image) - - - - 

7. ABS mirror Ford, 1st 
Bad (scratched 
image) - - - - 

8. PC Plastic Bayer 
Bad (scratched 
image) - - - - 



 TECHNICAL REPORT  
 

  Page 
26 (28) 

 

 

 

6 Conclusions & Future work 
 
All mirrors except the mirror from SMR (and the reference) had too low scratch 
resistance and can therefore not be used as rearview mirrors at Scania. The 
SMR mirror withstood all tests very good. Probably the SMR mirror was the 
best mirror because it had a good abrasion resistant coating. It was also one 
of the mirrors that were made to be used as an automotive rearview mirror. 
The mirrors from Sabic and Specchidea were simpler and probably not made 
to be used in outdoor conditions. Judging by the scratch resistance results 
they did not have any protective coating as they became very hazy. The 
Renault and Ford mirrors work quite well as rearview mirrors but not on 
premium vehicles as they become scratched. 
 
The reflectance/gloss measurements did not seem to be reliable as a not very 
scratched sample could have a larger difference in reflectance than a more 
scratched sample. It was also unsure to do measurements on samples with a 
curvature and second surface mirrors. Hence, it is not a good method for 
determining reflectance values of the mirrors. 
 
For future work it would be interesting to carry out more tests on the samples 
and to test more samples. Then it is preferred to test mirrors from automotive 
mirror companies that are resistant to abrasion and scratches so they do not 
fail in the first test. One project to keep in mind is the cooperation between 
Impact Coatings, KraussMaffei and Evonik who are working together in a 
plastic mirror project where the plastic is manufactured and metallized in a 
continuous process. Those mirrors seem promising and would be interesting 
to test. For the present it was not possible to get samples from them as the 
project was in a too early state. 
 
More tests that could be carried out are for example a UV test, an alternative 
impact or shock test and some kind of distortion test. Some tests could also be 
interesting to carry out at different temperatures. The UV test could show how 
good the mirror (especially the plastic) withstands sunny outdoor conditions. It 
might be more interesting on second surface mirrors, where the plastic is 
directly exposed to the sun, than on first surface mirrors where the reflective 
layer protects the plastic by reflecting the light. On the other hand the hard 
coating might be affected by the UV light so a new scratch resistance test after 
the UV test would be good to carry out. Coatings on PC are said to be 
sensitive to UV radiation21. Probably other plastics can be affected too. 
 
The impact test carried out in this work may need to be supplemented by a 
test based on more real events like a drop test or a smash test when the 
mirror is mounted in the housing. A distortion test would determine whether 
the mirror is uniform or not. The defrosting must also be considered – is it 
possible to use the same technique as for glass mirrors or is another method 
required? Regarding the problem with broken mirror glasses for Scania’s final 
customers it would be interesting to find out on what markets (in what 
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countries) the problem is worst. The main reason to why most of these extra 
tests were not carried out in this work was the lack of mirror samples, only one 
mirror was received from SMR. If the additional tests are successful an 
introduction of plastic mirror glass could be proposed, at least as customer 
choice. 
 
Concerning weight reduction and simplification it would be interesting to find 
out what the weight reduction of the mirror glass enables regarding the rest of 
the assembly – how much lighter can the whole mirror become, and at what 
price? 
 
One idea for the future that came up when discussing possibilities with plastic 
instead of glass mirrors was to be able to change the curvature of the mirror 
while driving in order to obtain different fields of vision. It could be possible for 
example by using polymers with sensitivity to electrical current. This could 
reduce the number of mirror glasses from two to one. Another idea was to 
mould the plastic mirror in one piece instead of having one class II and one 
class IV mirror separated. 
 
It can be concluded that there is a future for plastic mirror glasses. The 
Renault and Ford mirrors and the technology behind those mirrors are a few 
years old and are not good enough for premium vehicles like those of Scania 
but mirrors with newer techniques like the SMR (and maybe the Impact 
Coatings/KraussMaffei/Evonik) mirrors, seem better. Probably the 
manufacturing technique and the hard coating against scratches are better 
now than some yeas ago. 
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