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The 2003 edition of 
the Frankfurt Motor Show
continued the trend for
transparent roofs and
multifunctional glazing. This
article takes a look at the
various developments, their
applications and the
difficulties and costs for
today’s automotive
glassmakers.

Giovanni Manfrè*
MG CONSULT
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ransparent roofs have, by now, become a
consolidated part of compact cars to make
them seem larger, but, due to the high

cost of the multifunctional glazing involved, they
are limited to luxurious cars. In fact, they still
remain a challenge for glassmakers. Lighting inte-
gration, especially LED technology, is under-
going a strong evolution, in addition to the
more simple application of Head up Display
(HUD). Contamination of internal compart-
ments is decreasing by means of innovative
filters, even with photocatalytic TiO2 coatings
on glass and plastic surfaces.

SUMMARY OF THE INVESTIGATION
The Frankfurt Motor Show 2003 mainly

highlighted the regenerated market 
modules of FIAT, Lancia and Alfa Romeo,
but innovation can be summarized in three
main topics:

1. Visibility and LED lighting
Visibility by means of transparent glazing has

been consolidated by the use of transparent
roofs, especially designed for compact cars,
giving a feeling of extra space and open air to
passengers. This can be seen in Mercedes, 

White LED lighting for the
Mercedes SLR McLaren
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100 with the Vision CSL - an extremely beau-
tiful coupe car, Renault, with the Be Bop
compact monospace , Citroen, with
the C-Airlounge, probably the
best representative in this evo-
lution, and Webasto, with Wel-
come 2 and its innovative
Panairama moveable roof.

The revival of switch-
able glazing in transpa-
rent roofs must also
be noted, even if the
high costs involved
seem to create limits
to its use.

In the increasing
size of the transpa-
rent area, the use
of functional glass-
es was seen only
at the stand of Seku-
rit Saint-Gobain
and was mentioned
very l itt le at the
Audi stand, without
details regarding
the techno log ies
involved. Once again,
their use is still con-
fined to luxurious or
advanced, high-segment
vehicles, such as May-
bach by Mercedes. Their
not completely satisfactory
performance and, above all,
industrial cost/performance ratio,
are the main challenges for glass-
makers looking for innovation in
automotive glazing. A fast and effective
solution in anti-fog coating was presented by
Genthe-X Coating. 

The most advanced rate of penetration in terms
of indirect visibility seems confined to the
lighting integration, mainly on front-rear lights,
especially by LED technology. No mention
was found regarding the application of EL or
even OEL technology. The examples described
are for automotive applications and lighting sys-
tems manufacturers such as Valeo and 3M, as
well as some special cars. An example of this
is the Audi 8, with lighting adapted to ambient
driving conditions.

Magna-Donnelley also
highlighted the rear mirror

with wider vision, thanks
to assisted electronics.

An example of wind-
screen HUD, realized
by BMW, with Wedge
PVB technology and
no special reflecting
internal surface, has
achieved good per-
f o r m a n c e a n d
leaves room for
very promising
windscreen dis-
play, even for
maps and other
useful driving
information. The
brightness of the 
three-colour dis-
play figures is the
best at the moment.

2. Filters
An improved filter

for diesel cars, to
decrease contamination

of the passenger compart-
ment, is carried out by means

of photocatalytic UV action
(TiO2 coating). 

3. Special high security
A special mention should also be

made to high-level safety, also on the
increase for cars already on the road. This
involves a plastic composite from a carbon fibre
for the chassis, and special glazing (even for
side windows) including bullet-proof glazing
and special anti-break-in glass. 

Volvo also looked into the possibility of
safer pedestrian impact on the windscreen in
the case of an accident. Some information
regarding new European normatives, sup-
ported by Volvo, indicates the strong will to
increase this kind of research, especially for vehi-
cles with short front chassis.

FIG. 1

Fig. 1 - Overhead view of the
Mercedes Vision CLS
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VISIBILITY
1. Glazing

Transparent roofs are greatly
increasing their applications,
especially in predicted produc-
tion lines.

Mercedes
Mercedes launched its new

product range for technological
leadership, which includes Class
Vision CLS - an elegant car com-
bining the qualities of a saloon

with those of a coupé. This opens up yet ano-
ther new market segment for the company. The
Vision CLS is a four-door coupé, combining
sophisticated design with safety, innovation
and comfort.

The Vision CLS is certainly ahead of the oth-
er show cars, with its large, transparent roof pa-
nel stretching from the windscreen to the rear,
bathing the interior in light and, thus, giving
the occupants an overriding feeling of space.

In addition, the glass roof gives the effect of
bringing the driver and passenger closer to the
external environment. 

The smooth flowing design creates a seam-
less visual link between the dashboard, doors
and the rear of the vehicle, also achieved by the
frameless windows. 

The result is outstanding from the all around
visibility point of view, applied to a coupé - saloon

combination. Pro-
duction of the
Vision CSL is
scheduled to start
by October 2004.

In our opinion,
this frameless windscreen - transparent roof -
backlite, in three kinds of coordinated gla-
zing, can be considered one of the best results
since the renaissance of car glazing started by
Renault with Avantime in 1995.

2. Show cars
Renault
The Renault Compact Monospace - the new-

ly-designed Be Bop concept car - is a sportive
SUV, combining a high level of aerodynamics
with low penetration and visibility and com-
partment luminosity. At the same time, it is
also a modular vehicle, for easy dismounting and
recycling of parts.

The panoramic windscreen wraps the roof and
stretches its transparent area up to the backlite
in a +V shape integrated with the whole rear part
of the vehicle, in classic Renault style. 

Figs. 2A and
2B - The Be
Bop Renault
Monospace -
a large
transparent
area with
typical
Renault
design

FIG. 2B

FIG. 2A



The internal compartment gives a feeling of
space similar to a SUV or sports vehicle. 

The Be Bop is the most recent Renault design
regarding the use of wide transparent areas to
combine high visibility and elevated internal
space, a strong characteristic of all recent inno-
vative cars by Renault.

Citroen
Citroen followed up the success obtained at

the Geneva Motor Show 2003 and Paris Motor
Show 2002 with its show concept car C-Air-
dream. This is a top-level coupé, which uses
wire technology to change the internal archi-
tecture of the car, combined with innovative dri-
ving perception.

Following the same philosophy, Citroen pre-
sented its innovative C-Airlounge, a synthesis of
the new architectural solution combining aero-
dynamic (C=0.26) design with modular inter-

FIG. 3A

FIG. 3C

FIG. 3D

Fig. 3A - Blade vortex generators
reduce aerodynamic penetration

Fig. 3B - The large transparent area of
the Citroen “C-Airlounge” compact
SUV car

Figs. 3C and 3D - Front (3C ) and rear
(3D) views of the Citroen “C-Airlounge

FIG. 3B
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ior space, giving visibility and safety du-
ring driving. Absence of the central pillar
and a wide transparent roof reinforce the
impression of on-board space. Blade vor-
tex generators, installed crosswise on the
rear of the roof, work as deflectors to pro-
duce small swirls of air.

Even the innovative rear gives a sense
of compactness and aerodynamic styling.

Webasto
As always, Webasto is among the leaders in

development, supplying innovative solutions
in transparent roofs. This can be seen in the new
Welcome 2 car, with concept products that
are incorporated centrally in the design of the
car, such as a modular moving roof.

The Welcome 2 is based on a Mercedes CL
500, called Panairama, and provides more light,
as in a convertible car. Another example of
comfort is the telescopic loading system. In
fact, the tilted tailgate helps to avoid over-
loading, and has a maximum capacity of 70
kilos, as well as an easy-to-raise area, which slides
like the Welcome 2, and can also be used as a
Multisport coupé.

Sunroof with switchable transmission
Two further technologies and examples 

are worth mentioning for variable transmis-
sion: electrochromic - by Securit Saint-
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Gobain and Webasto technology for the 
Maybach car. Thanks to lower light 
transmission and to the privacy it offers, tinted
or dark-tinted glazing is also a good solution for
atmospheric comfort, especially for 
dark-tails and sunroofs (SGS LIGHTUNING®

Venus). It can be used for any kind of laminat-
ed glazing.

In Tables 1, 2 and 3 the difference in visible
transmission and solar energy are 50 per cent max-
imum TL and 20 per cent TE. This decreases to
4 per cent and 2 per cent for TL minimum,

from 15 per cent or 8
per cent. Five years
of experiments give
quite impressive
results, but costs still
remain too high
(EUR 1,000 ÷1,500
per square metre).

3. Sunroof for
Maybach by
Webasto

The Maybach
sunroof, realized by
Webasto, was the
best seen so far. The
difference between
the opaque state and
the strong transpa-

Type of glass Bleached state Coloured state Contrast
TL TL TE TE   

TSA3 2.1mm 40% 20% 4% 2% 10

VG10 2.1mm 16% 8% 1.6% 0.8% 10

VG10 2.1mm 15% 8% 1% 0.6% 15

VISIBLE TRANSMISSION VS SOLAR ENERGY
TABLE 1

T  a* b*

BLEACHED STATE (TV) 14.2% 6.1 7.4

COLOURED STATE (TE) 0.9% -1.5 -11.8

SWITCHING SPEED 20 seconds for 300x300mm2 glazing
10 seconds for 150x150 mm2 glazing

BLEACHED VS COLOURED STATE
TABLE 2

Bleached state Coloured state
Tests ∆TL ∆a* ∆b* ∆TL  ∆a*  ∆b*  ∆switching speed

HIGH TEMPERATURE -0.1 -0.1 0.2 0.0 0.1 -0.2 +2 seconds

RADIATION -0.2 0.5 0.4 0.1 -0.4 -0.2 +3 seconds

HUMIDITY 0.5 0.2 0.5 0.1 -0.3 -0.5   +7 seconds

BOIL PASS

ARIZONA SIMULATION -0.3 -0.1 0.1 -0.1 -0.2 0.1 +8 seconds

TEMPERATURE CYCLING -0.2 0.1 -0.1 0.1 -0.1 -0.2 0 seconds

CORROSION PASS

FLORIDA -0.3 -0.3 0.3 0.1 -0.5 0.5 +5 seconds

BALL DROP PASS

HEADFORM DROP PASS

TABLE 3

TESTS CARRIED OUT
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rent transmission can also be considered LC tech-
nology, due to its fast switching time.

FUNCTIONAL GLASSES 
AND AUTOMOTIVE GLASSMAKERS

The Frankfurt show also covered the use of
multifunctional glazing by designers and car-
makers, including: solar control, easy-to-
clean, acoustical, high-impact strength, anti-
fog, switchable for variable transmission,
heatable, new encapsulation, special colours,
and special antennae.

As for show cars, only two mentioned mul-
tifunctional glazing:
• the switchable roof on the Maybach; and
• the easy-to-clean and heatable windscreen on

the Audi show car.

Audi
As often, Audi, with the Audi 8, 4.0 TDI,

included innovative technologies, such as:
• Audi LED technology, with changeable rear

lights according to driving conditions;
• nanotechnology to obtain a so-called water

repellent windscreen, with the addition of inno-
vative wipers, solar control glass and heat-
able windscreen to better adapt visibility
for driving conditions.

Water repellent windscreens
Windscreen wipers are one of the biggest

anachronisms in automotive technology. Nano-
technology will, one day, make them virtual-

ly superfluous. Audi engineers are now work-
ing on glass coatings where dirt and water
only have minimal surface contact. This devel-
opment is modelled after the so-called lotus
flower effect - liquids roll off its surface with-
out leaving any residue. The same will soon be
true of windscreens.

SAINT-GOBAIN
There was very little informative literature

available to describe this company’s perform-
ance and manufacturing technologies. Only
glassmaker Sekurit Saint-Gobain’s stand gave
some indications on innovations, such as:
• solar control: the only innovation seems to

be the thermo-control UV filter for tem-
pered glass with only eight per cent UV
transmission. It has, however, 83 per cent TUV
visible transmission; 

• safety and security (including front win-
dows);

• antireflective coating reducing reflection by
40 per cent at a 60-per cent inclination angle;

• hydrophobic control only for lateral win-
dows and mirror;

• heatable ice control for windshield de-icing,
de-frosting and de-misting, 42 volt and 1.2
kW, with a negative effect on the tempera-
ture map which shows higher temperature
at the top;

• laminated anti-break-in, side glazing;
• sound control by means of PVB noise damp-

ening, reducing high frequency noise to 8 dB;

FIG. 4A FIG. 4B

Figs. 4A

and 4B -
Examples of
nanotechno-
logy used 
by Audi
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ble images, even if the only reflection is that of
the internal glass surface of the windscreen.

LIGHTING INTEGRATION
Mercedes
Front and rear lighting, and even

headlamps, are important parts of visi-
bility. The increasing use of LED can be sum-
marized as follows:
• The use of LED for front and rear lights,

already used in some innovative cars, such
as the Mercedes world premiere coupé con-
cept model and in the SLR McLaren model.

Audi
LED technology allows us to see the car

ahead much faster (150 milliseconds) com-
pared to the present rear lights. The opening pho-
to of this article shows 51 LEDs integrated in
a very compact system, with a high-visibility  con-
trast, even in strong sunlight.

The fast track developments of white LEDs
signals the second revolution - after xenon
lighting - in automobile light engineering.
Apart from the benefits of size, effectiveness,
durability and lifespan, white LEDs facilitate
completely new designs. LEDs are also con-
ceivable in the future, in the field of adaptive
headlight technology. Audi introduced this

Figs. 5A and 5B - Valeo LED technology used to
change front and rear lights

• printed conductor antennae or wires in la-
minated glass or coating in laminated glass;

which can all be considered part of multifunc-
tional glazing and safety. 

HUD IN THE BMW COUPÉ
The wide coupé market has strongly request-

ed HUD, which will be available shortly on
the new BMW 6 series as an option, projecting
driving information into the driver’s line of
vision on the windscreen. The technology
involves a PVB wedge in a normal stratified wind-
screen, without additional reflective coating
on the internal glass surface. The compati-
bility of the suitable angle of the wedge is now
predicted by optical software and BMW know
how, in function of the dimensions and shape
(even complex) of the windscreen. The three-
colour projected figures (now only speed, fuel,
and time) are very bright and do not have dou-

FIG. 5A

FIG. 5B



106 innovation into volume production with the
Audi A8. In the same way as LED technology,
Audi lighting will set the trend for the future with
improved adaptation to visibility conditions
and driving situations:
• fast activation;
• early warning;
• lower energy consumption;
• innovative design;
• lasts the lifetime of the vehicle.

Valeo
Valeo has strongly increased its attention to

the use of LED technology for rear lighting
applications such as rear combination lamps and
centre-high-mounted stop lights. Valeo also
extends white LED technology to front lighting
functions, compatible with styling flexibility,
to differentiate new models by creating dis-
tinctive signatures.

FILTERS
Filter innovation efficiency is on the increase

for two main reasons:
• the reduction of diesel engine particulates; and
• passenger compartment comfort for protec-

tion against pollutants and odours.

Mercedes
Mercedes showed an innovative diesel par-

ticulate regeneration filter without the use of
additives, thus effective over higher operating
mileage, and, by appropriate control of engine
parameters, able to raise the exhaust temperature.

Since October 2003, Mercedes-Benz has a
newly developed particulate filter system for the
four cylinder diesel models in the C class,
which help the C 200 CDI and C 220 CDI to meet
the stringent EU-4 exhaust emission limits
ahead of time. This system differs from others
of its kind in that the Mercedes particulate fil-
ter regenerates itself without the use of additives
and, therefore, remains effective over a very high
operating mileage. Filter regeneration is carried
out by correct control of engine parameters, allow-
ing the exhaust temperature to be raised for
controlled combustion of soot particles deposit-
ed in the filter.

Valeo
Valeo applies the new concept of TiO2 pho-

tocatalytic UV action to automatically destroy

pollutant gases and micro-organisms entering the
vehicle, in minutes. The filter frame houses
TiO2 mixed with active carbon grains in a non-
woven fibre media. The photocatalytic TiO2
action is induced by a UV light source in front
of the filter, thus trapping and destroying harm-
ful gases such as toluene, nitrogen, sulphur
dioxide and micro-organisms. The easy-to-clean
coating on internal glass surfaces, with TiO2
photocatalytic actions, has also been used by 
Toyota with TOTO TiO2 technology. The self-
regeneration of both the titanium dioxide and the
activated carbon grains by photocatalytic process,
ensures a long system life.

SPECIAL HIGH SECURITY
Special high security glazing can be divi-

ded into three groups:

Mercedes
High energy absorption of energy on impact

for the SLR Mercedes; the front crash structure,
chassis and body shell, realized in carbon fibre
epoxy resin composite, give a high level of
rigidity and strength, offering crash safety and
occupant protection standards.

Mercedes has also decided to extend this
special protection feature version to Maybach,
including a plastic-glass combination.

BMW
High glazing resistance using stratified glass:

PVB/PU/PC glass for armoured glazing in 
Mercedes in special hard-shell protection, and
in BMW for the innovative X5 with armoured
glazing byIsoclima. ■

Figs. 6A

and 6B -
Armoured
glazing by
Isoclima for
the BMW X5
security car

FIG. 6A

FIG. 6B
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