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n recent years, the transparent areas of
cars have been considered the exclusive
kingdom of glass. As an expert on glass,

and educated in its positive and negative per-
formances, the author of this investigation has
considered transparent plastics, mainly PC (poly-

FIG. A FIG. B

FIG. C

FIG. A - Corvette Z06

FIG. B - Toyota City 
modular car

FIG. C - Saab 9.5
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This report gives us an
overview of the recent
innovations and characteristics
of the appearance of cars and
their evolution at the Frankfurt
Motor Show, where glazing was
on the increase, both in size
and in complex shape. However,
a slow but partial appearance
of the use of plastic in car
glazing is also taking place,
similar to what took place for
plastic projector lamps. More
than ever it could be seen that
cars are exhibited to please
market demand and so design
is, above all, strongly
competitive among car makers.

Giovanni Manfrè*
MG CONSULT

carbonate) and PMMA (polymetilmetracrylate),
alternatives only when rigidity (thickness, shape
and elastic modulus) performance is not involved.
Other aspects to be considered are UV, scratch-
ing, and high temperature, which negatively
influence the physical features of cars.

At present, the market is undergoing the
advent of the strong rigid chassis, due to the
increased weight of structures in:
• hybrid cars, already in increasing numbers on

the market (normal petrol fuel plus electri-
cal engines); 
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Alfa Brera

Saab glazing evolution



104 • modular cars[1]; 
• hydrogen fuel cell electrical engines as an alter-

native to fossil fuel (in the near future).
All these car types need deeper investigation

regarding the use of plastic (mainly PC) glaz-
ing. UV resistance, improved anti-scratching by
means of nano-technology and even flame-
retardant coating, are now convincing design-
ers to use plastic glazing, also because it gives
them more freedom with shaping. This is almost
the same situation that occurred for the plastic
lenses of headlamps, where PC plastic has
almost substituted glass and has contributed
to changing positively the styling of car “eyes”.

TRANSPARENT AREA IN CARS:
GLAZING AND PROJECTOR LENSES

At first glance, the feeling is that designers are
still convinced that style is a winning attraction
for car customers, and the material science is ded-
icated to finding solutions for glass and plastic
glazing and their relative coating, to satisfy the
requested performances. The absence of the
glassmakers at the Frankfurt Motor Show was
noticed and, thus, the glazing evolution could be
investigated only directly on the car.

The main results of this investigation are
based on the fact that the
Frankfurt Motor Show,
once again, points out
that cars are exhibited
to please market
demand and so design
is, above all, strongly 
in competition among
car makers.

Glazing is one of the
characteristics of the appearance of
cars and its evolution is certainly
oriented to increase in size and in
complex shape, especially in five
main ways:
1. transparent area evolution. The

windscreen flashes on the more and
more transparent roof ending with
a complex backlight. In simple
words, the upper part of the car is
apparently monolithic transparent
glazing, with a roof that can be
moveable and split into parts as the
design requires;

2. some plastic glazing appears to

be present where low rigidity is involved. 
Two different colours on the car body 
differentiate the rigid support from the 
body skin, giving new space to the glazing
choice (Lancia);

3. the contribution of transparent plastic, with
no direct visibility performances, in Mazda
Sassou and Honda Civic;

4. the almost total absence of glassmakers,
with head projector lenses in PC by injection
moulding;

5. driver visibility has been indirectly improved,
glazing apart, by projectors and backlights real-
ized by LED technology and plastic lenses
manufactured by injection moulding.
There is also a strong tentative to integrate

the lightning devices in the backlight and for
this reason the complex shape could be designed
in plastic. 

TRANSPARENT AREA EVOLUTION
Strong increase of glass -
slight increase of plastic

Glazing is continuing its evolution in increas-
ing the transparent area, mainly concentrated on
roof transparency, coordinated with the wind-
screen and backlight but, on the contrary,
decreasing on the side windows.

Mercedes: Smart Line - 
steel and plastic

The Smart “forfour”, establish-
es the unique “smart” body con-
cept featuring two materials
with different colours that are also

manifested in the visual design.
This model uses high-strengthFIG. 1A

FIG. 1B

FIG. 1D

FIG. 1C

FIG. 1E

FIGS. 1A, 1B,
1C, 1D and 1E

- The
integration
of backlights
in the rear
window of
the Daimler-
Chrysler
Premiere and
the Smart
Style
“Forfour”



FIGS. 2A, 2B,
2C, 2D and 2E

- PC (poly-
carbonate)
used
windows on
the fixed
lateral rear
window
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steel for all safety-related compo-
nents, reassuringly visible in the trid-
ion safety cell, and plastic: scratch-
proof, repair-friendly and non-rusting
for all exterior parts.

These robust body panels are an inno-
vation offering the utmost useful value in busy
city traffic. “Brillant”, in the words of many cus-
tomers - “minor dents just bounce
back into shape!” The exte-
rior parts come in a wide
range of different
colours, most of
which form a strik-
ing contrast to the
tridion safety cell,
which is always
in black or silver.
Anyone wishing
to change the colour
of their “smart for

two” can do so without the help of a paint
shop. The body panels are easily replaceable with-
in just an hour.

Figures 2 shows a strong orientation for car
designers to start to seriously try and realize a
backlight, a roof and part of fixed side windows
in plastic PC or PMMA (copolymer).

Lamborghini
The roof is transparent (see Figures 3) but

the glazing of the passenger cell (referred to
by experts as the “greenhouse”) visibly tapers
out into the rear end, accentuating the rear
wheel arches in a powerful and muscular look.
This, in turn, ensures optimum aerodynamics
with brake lights integrated beneath the spoil-
er in the rear lid.

Toyota
The Toyota Endo

concept car for modern
cities is a good example 

of modularity, which can
really change the face of inter-

nal glazing materials - glass or
plastics - and of simple, no complex shapes

that are easy to realize.

FIG. 2B

FIG. 2A

FIG. 2C

FIG. 2D

FIG. 2E FIGS. 3A and 3B - The new
Lamborghini Gallardo SE with 
quite a large glazing area in the
most advances solution using the
concept with an 
un-fixed roof

FIG. 4A - Toyota Endo with its short ideal
urban length for
four persons

FIG. 4B -
Modularity of the
Toyota Endo in
line with the car
evolution

FIG. 3A

FIG. 3B

FIG. 4A

FIG. 4B



106 Audi Q7 4.2 Quattro
The Audi Q7 4.2 Quattro was

presented as one of the most
innovative cars of the show
(see Figure 5A) with its trans-
parent roof with two glass
panels, one of which was
moveable (Figure 5B). 

The Audi Q7 4.2 Quattro has a solar control
windshield with Southwall metallized film to
reflect IR solar radiation. Note, however, the inter-
nal reflection due to UV reflection higher that
10 per cent, which can have a negative effect on
forward visibility.

Mazda MX-Crossport
The Mazda MX-Crossport is lower in height

(Figure 6C) compared to traditional compact
SUV-type vehicles and has an aggressive off-
road look. Its sporty lower grille opening and
powerful front fender are similar to those of the
RX-8 and achieve a unique balance between the
evolutionary nature of the concept and Maz-
da’s recent sports car tradition. The 
interior (Figures 6A, 6B) is surprisingly roomy
with a “floating” seat construction, with 
each seat mounted on a “monorail” system in
the floor, which allows forward and backward
slide adjustment. 

Mazda MX-Crossport also features an
advanced information and entertainment 
system. This system includes a separate 
screen for the front passenger that shows 
four different views of the driving experience
using five cameras. However, the safety time
to be aware of through the pictures on 
the monitor video is 10-1 compared with that
of direct  Viscon on the image of the back
mirror 10-3. 

FIGS. 5A, 5B

and 5C - The
Audi Q7 4.2
Quattro was
presented as
one of the
most
innovative
cars of the
show

FIG. 5A

FIG. 5B

FIG. 5C

FIGS. 6A, 6B and 6C

- Mazda MX-
Crossport in line
with windscreen
flashing the roof

FIG. 6A FIG. 6B

FIG. 6C
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Renault Egeus – Luxury SUV
The suppleness of the Renault Egeus is evi-

dent in the way the bonnet flows into the round-
ed windscreen (Figure 7A), which, in turn,
blends seamlessly into the bubble-shaped glazed
roof. The bubble shape of the rear window
(Figure 7B) form a continuous, flowing line with
the windscreen in a streamlined shape worthy
of any coupe. The rear window rests on broad
wings that sit the car squarely on the road
(Figure 7C).

The extended bubble shaped glazed roof of
the Renault Egeus – Luxury SUV allows a very
original rounded internal compartment.

Alfa Brera
Deep flashing

and tapering of the
windshield and
backlight with the
roof give this inno-
vative Alfa Brera
model the feeling

of strong compactness without reducing front
and rear aerodynamic streaming elegance,
where the bumpers are integrated into the
optical systems with a convergent profile as a
wedge shape. This model is almost a histori-

cal selection of the Alfa style solutions,
which started from the Giulietta Sprint

with a stronger impact for improved
driver visibility. 

FIG. 7C

FIG. 7C

FIGS. 7A, 7B and 7C - Renault
Egeus – Luxury SUV with its
bubble-shaped roof

FIG. 7B

FIG. 7A

FIG. 8 – Alfa Brera: new front
glazing and backlight strongly
flashing aerodynamically with
the roof 



Fiat Idea and Fiat Panda 4x4
The two innovative Fiat cars, Idea and Pan-

da 4x4, the latter with a turbo-diesel engine
respecting the limits of the present normatives,
are defined  “Don’t stop me, baby”. Both have
the front flashing and tapering with the roof, while
the Panda also has a transparent roof, giving a
touch of elegance in line with the present trend
(Figure 9) even if it is an “off road”.

INCREASING TRANSPARENT 
AREAS FOR ROOFS - FIXED OR MOVING
Transparent fixed roof

With the Mitsubishi Sport back, Citroen C
Sport and Multicolor, we can, once again,
point out that glazed roofs in an almost 
single fixed monolithic appearance (three
parts in realty) are no longer a design hope. 

FIGS. 9A and 9B -
Fiat Idea and FIGS.

9C and 9D - Fiat
Panda 4x4: 

two Fiat city (Idea)
and “off road” 

(Panda 4x4) cars 
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FIG. 9A

FIG. 9B

FIG. 9C

FIG. 9D

FIG. 10A

FIG. 10B

FIGS. 10A and 10B -
Mitsubishi Sportback
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They are, in fact, now a real design concept 
to be realized by glass (or plastic) manufac-
turers, following the strategic evolution of
all-around visibility as was conceived by the
author 10 years ago.

Moving transparent roof: Webasto
Webasto certainly represents the moving

transparent roof evolution and it is worth
going into detail regarding its new design.
Webasto has created a concept vehicle based

on the Volkswagen Touareg for the IAA.
Named Hat-trick, this concept is the base for
several technologies. An external shade on
the roof limits heat build-up. The panoramic
sunroof is thinner, creating more headroom
inside the vehicle. Moreover, the sun visors in
the windshield have been replaced by films that
can be darkened electronically.

Webasto will also introduce a new generation
of auxiliary heating remote controls, and a new
plastic film for roof modules that helps make glass
panels more resistant to braking.

FUTURE DESIGN
Cadillac SRX

Thanks to the large area of the harmoniously
integrated panorama roof of the Cadillac SRX,
which stretches from the windscreen to the rear

window, this sunroof
gives passengers in the
back plenty of light
and air. This product
brings the latest trend
in panoramic roofs to
the United States.

Mercedes A-Class
Transparent lamellas let lots 

of light into the passenger compartment of
the Mercedes A-Class, even when the roof is
closed. Made of high-
quality, non-shattering
polycarbonate, the 
roof has variable open-
ing configurations, giv-
ing optimum air and
light conditions.

Mercedes E-Class
On the outside, the panoramic roof inte-

grates harmoniously into the vehicle design,
while on the inside, the large, “out-built” sun-
roof and electrically
operated headlining
offer individually 
selectable light condi-
tions and fresh air sup-
ply as well as a pleas-
ant in-car atmosphere.

Mini
The Mini gives more light, more air, greater

feeling of space. The
transparent panoramic
roof with its large open-
ing area makes the inte-
rior so bright and
friendly, even in com-
pact cars.

Audi A6
The Audi A6 has a

glass roof for greater
feeling of space, even
when the roof is closed,
giving a feeling of lux-
ury, comfort and free-
dom of choice.

Opel Zafira
The multifunctional roof of the Opel Zaffira

provides a feeling of space and extra storage
capacity for every day,
day trips and holidays.
Electrically operated
roller sun-blinds guar-
antee perfect light con-
ditions and vision.

FIG. 11 - Citroen C Sport

FIG. 12 - Webasto’s roof shade
limits heat build-up in the car

FIGS. 13A,
13B, 13C, 13D

and 13E -
Webasto’s
moving sun
roof, also
multi-
functional in
the Zafira
(FIG. 13E)

FIG. 13A

FIG. 13B

FIG. 13C

FIG. 13D

FIG. 13E



110

Ferrari-Webasto-Saint-Gobain with EC Glass
The Ferrari America was on show for the first

time at the Geneva Show (March 2005)[2]. The
difference of the EC roof (Saint-Gobain tech-
nology) does not show efficient switching
between transparency (off) and coloured (on)
and again (see the light of the lamp
through the EC roof off and
on) with manual elec-

trical switching by the driver. It is
the first time that EC glass technol-
ogy used for a car light switching
on/off had a very slight difference
in transparency, and was not used

automatically in function of solar control.

TWO COLOURS: RIGID SUPPORT 
AND LOW RIGID BODY

Innovation with improved visibility, and
strong innovative design with two colours,
splits the external body in two parts: rigid sup-
port and lack of rigidity, which gives less con-
tribution to the total rigidity of the car.

Lancia
Lancia Ypsilon MonoDesign and its two

colours: rigid parts, skin body and glazing. Style,
in symbiosis with advanced technology of both
Italian Lancia and MonoDesign, have been

FIGS. 14A, 14B, 14C, 14D and
14E - Ferrari America
electrochromic glass on the
coupe’s moving roof 

FIG. 14A FIG. 14B

FIG. 14D FIG. 14E

FIG. 14C

FIG. 15A

FIG. 15B



FIGS. 16A, 16B and 16C - Lancia
Musa Platino and the twin

Phedra Unique Edition in line
with the new Lancia
strategy 
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achieved on the Ypsilon innovative model
with an innovative design, the use of avail-
able new materials and more attention to
details. Aesthetics at industrial level, by
chromatic personalization (Orange) on
the external body, even matching the
extremely flashing glazing also (finally)
on the black roof frame, give positive model-
ling for a small sportive and elegant car with glaz-
ing contribution. Lancia Musa Platino and 

and Phedra Unique Edition
In the same orientation of the Ypsilon, Lan-

cia has, once again, chosen an elegant and
sophisticated two-colour body. “Visone Stradi-
vari” is used for the lower part and an exclusive

“Brown Caravaggio” in the upper part,
where two transparent panels give

better luminosity of the internal
compartments as can be seen in

Figure 16 for a twin car: Musa
Platino and Phedra Unique Edi-
tion can be considered the Lan-
cia-Fiat answer to the market
request for a family car.

Citroen C3 Pluriel
In line with the choice of Lan-

cia with Ypsilon, the Citroen C3
Pluriel has also been conceived with

the innovative design of two colours
for the body. This can be achieved with

a distinction of body support and with trans-
parency on the upper part with hidden support
underneath the lower part of the body, underline
the distinction of the three-body compartment. 

FIG. 15C

FIG. 15D
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FIGS. 15A, 15B, 15C and 15D - The
innovative Lancia Ypsilon: sportive 
and elegant 



The support is in one colour (grey), with
transparency on the upper part, which can be less
implied in car rigidity (leaving a possibility
for the use of plastic, at least in certain areas),
and the lower body, where rigidity is less and
so plastic can be used, as shown in the Honda
Civic of Figure 19.

THE CONTRIBUTION 
OF TRANSPARENT PLASTIC WITH NO
DIRECT VISIBILITY PERFORMANCES
Mazda Sassou

Mazda Sassou was one of the best cars at the
Frankfurt Motor Show with the use of plastic PC
in a very innovative way. The exterior design
evolves Zoom-Zoom design language to com-
municate the dynamic potential Mazda design
is known for, and mixes this with lightness and
surprising hidden features never seen on a Maz-
da concept before.

The Mazda Sassou design concept by Giugiaro
is based in part on the “Shoji” principle. Sho-

ji screens are thin Japanese doors
that partially hide what is behind
them. Opening them for the first time

can reveal something surprising, which
is also true of the first encounter with

FIGS. 17A-D - Citroen C3 Pluriel

FIG. 17A

FIG. 18A

FIG. 17B

FIG. 17C

FIG. 17D

FIGS. 18A,
18B, 18C,
18D, 18E, 
18F and 
18G - Mazda
Sassou
design
concept by
Giugiaro

FIG. 18B

FIG. 18C

FIG. 18D
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Mazda Sassou. For instance, an
ingenious use of translucent plas-
tic partially hides the front (Figure
18C, Figure 18D) and rear lamp
graphics (Figure 18A and 18B),
which become fully visible once the
car is unlocked, with light pulsing in
the exterior light graphics in a way that
make the car seem to come alive – Maz-
da Alive. The transparency of this model, main-
ly increased by the transparent roof (Figure
18G), is now realized in glass by Italian transformer
Hard Glass (Padua).

The Mazda Sassou, designed by a European
architect, can be considered a prototype car
matching the glass in the rigid part of the vehi-
cle system and the transparent plastic compo-
nent where the rigidity of the vehicle does not
(quite neglectingly) vary with or without the
mount of the component.

New Honda Civic
The Frankfurt new Honda Civic had already

been exhibited at the Geneva Motor Show, with
the purpose of achieving new standards in the com-

petitive segment C with
more emotion, sporti-
ness and driving pleasure
at the same time. The new
Honda Civic is especial-

ly for the European market
which, in addition to the three val-

ues mentioned above, also has to be very
practical and multifunctional. 
In short, it has to be a car without any com-

promises for the client’s choice: long front and
short ground level in order to consider it as
competitive.

The solution, considered revolutionary, based
on the Japanese “kimono” - the suit (the exter-
nal body) - wraps up the internal bones of the
body by tidy and determined lines. The result
is that the new Civic (after seven previous mod-
els), and following the logical “Honda” and
“Magic Honda” technologies, offers an internal
space that is practical and efficient, really futur-
istic, including a dashboard with dual link in three
dimensions (see Figure 19E).

The external body, the main topic of this
report, in Figures 19A, 19B, 19C and 19D, shows
in detail the contribution of plastic in the back-
light. In fact, there is a PC window underneath
the glass backlight, below the spoiler, giving trans-

parency to the baggage area and giv-
ing the Honda Magic internal space.
The PC window is realized by Italian
Incos Srl (Treviso).

FIG. 18E

FIG. 18F

FIG. 18G

FIG. 19A FIG. 19B

FIG. 19C FIG. 19D FIG. 19E

FIGS. 19A, 19B, 19C, 19D and
19E - Honda Civic: practical
internal design and sportive
elegance
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Information regarding the inno-
vation of the new Honda Civic,
even at the Frankfurt Motor Show,
was very limited in the Honda press
book. Therefore, the author’s defin-
itive information has been post-
poned until the comparison between
the innovations of Frankfurt and
those of the Tokyo Motor Show. 

A foreseen innovation by Hon-
da, in collaboration with Denso
corporation, is that of the new concept of
sophisticated antenna navigation and recep-
tion system which can be placed underneath the
spoiler, of which a preliminary example is
shown in Figure 20.

LAMINATE SHAPING BY PARALLEL
STAMPING (PRESS MOULDING)

The lamella roof of Mercedes A-Class was real-
ized in polycarbonate by thermoforming in a
clean room as shown in Figure 21A, and for

Zafira in Figure 21B. Press
injection moulding has been
improved considerably, even
in two colours.

THE (ALMOST TOTAL) 
ABSENCE OF
GLASSMAKERS

Before concluding this
part, it is worth mentioning
that with the strong increase
of transparent glass areas

and the first real
industrial presence
of transparent plas-
tic (PC), even in
non-rigid parts,
glassmakers were

completely absent for
the first time at a big

motor show.
In fact, only Rio Glass

(Spain), as a transformer,
had its own stand, where
some glazing samples real-
ized by the company’s engi-
neering centre were exhibited.
These complex shapes, shown
in Figure 22, can be consid-
ered the extreme possibility
to be obtained with glass,
but only for special niches of
the market.

HEAD PROJECTORS
LENSES IN PC

Different types of head
projector lenses and back-
lights with the use of LED
technology were an example
of the trend of integration 
in plastic panels.

FIG. 20A

FIG. 20B

FIG. 20C

FIGS. 20A, 20B and 20C -
The advanced car navigator
and information system of
the Honda Civic

FIGS. 22A, 22B, 22C,
22D, 22E, 22F and
22G - Complex glass
shapes by Rio Glass
(Spain) trying to avoid
plastic glazing

FIGS. 21A,
21B, 21C and 
21D -
Laminate
shaping by
parallel
stamping

FIG. 21A FIG. 21B

FIG. 22A

FIG. 22B

FIG. 22C

FIG. 22D

FIG. 22E

FIG. 22F

FIG. 22G

FIG. 21C FIG. 21D



FIG. 25C FIG. 25C
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LED head projectors or
other illumination technol-
ogy can be considered one of
the evolving components that
have changed the style of
the front and back of the
innovative cars, where plas-
tics such as PC and PMMA
have found strong applica-
tions in lenses for the auto-
motive industry. Potential
lightning from LED’s can
be summarized as follow-
ing with the contribution of
the main three worldwide
producers of projectors and
backlights. 

Even if the forecast is that
it is not certain that LED pro-
duction can lower its price
enough to reach the mass
market, it has the expected
advantages:
• more styling flexibility for

cornering lights;

FIGS. 23A and 23B -
Smart Style Concept,
backlights and
projectors integrated 
in the rear windows

FIGS. 23C and 23D -
Mercedes Concepts,
Projector: Roundish on
Vision R63 AMY A cars

FIGS. 25A, 25B, 25C

and 25D - Citroen C6,
projector and
backlights

FIGS. 26A, 26B and 26C -
The potential for LED’s is
shown in these prototypes
by Visteon (A), Valeo (B)
and Hella (C)

FIG. 27 - A Visteon
prototype for Mercedes

FIGS. 28A, 28B and 28C -
The possibility of colour
matching by LED’s which
can be realized in three
fundamental colours

FIGS. 29A and 29B -
Denso Project for a
Mercedes backlight 

FIG. 23A

FIG. 23B

FIG. 23C

FIG. 23D

FIG. 25A

FIG. 25B

FIG. 26A

FIG. 26B

FIG. 26C

FIG. 27 FIG. 28A

FIG. 28B

FIG. 28C

FIG. 29A

FIG. 29B

FIG. 24 -  GM Corvette, 
narrow and almost all front
integrated underneath the

bonnet with PC plastic panels



FIGS. 30A and 30B - Mazda Sassou back-
lights and projectors

FIG. 31 - Porsche, backlights that can be
integrated in the rear window, at least

partially, especially with PC glazing

FIGS. 32A and 32B - Micra by Nissan

FIG. 33 - Renault Egeus concept

FIG. 34 - SUV vehicle

FIGS. 35A, 35B, 35C and 35D - Ford sedan cars
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• xenon-like performance at lower cost; and
• vehicle life time durability.

In simple words, LED lights must become
more powerful, less expensive (cheaper by a fac-
tor of 2 or 2.5) and simply handle the four pro-
jectors (Figure 27) in competition with xenon
and halogen units. 

A series of pictures (Figures 28) show 
the potential contribution of colours with LED
technology using the International Take 
of yellow, blue, red, with electronic back-
lights and projectors.

LED lighting was also seen even in small, SUV
and Sedan cars, such as the Chrysler Premiere
and the Smart “forfour”, where their integration
could be tentatively realized by transparent
plastics (PC).
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