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Automotive glass

Solar control
solutions meet

functional
and styling demands

(second part)
In this second part, the author discusses the relationship

between glazing and thermal comfort in a car.
As well, developments in glass technology and new

 product releases are mentioned, including Pilkington
Automotive's latest high-performance glasses.

A pplications
It is possible to define very

complex simulations. In fact, the car can follow
an arbitrary path and all boundary conditions
can be time dependent. This is achieved by
subdividing the simulation period into a
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suitable number of intervals in order to take
care of, for instance, the different incidence
angles of solar radiation illuminating the car’s
windows due to vehicle direction changes and/
or different sun positions in the sky.

However, the model is often used to carry out
comparisons by keeping fixed surrounding
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conditions and by changing only the glazing,
the aim being to compare the effect of different
glasses (existing and/or theoretical) on the
temperature of different nodes and on the
thermal comfort level inside. A typical
simulation includes a soak test period (car
standing under the sun) followed by a cooling-
down period (car running, climatization or
ventilation system switched on). Apart from
the case of a natural ventilation by external air,
the cooling-down, other than at the set-point of
the air temperature, can be done at the set point
of the PMV or at a constant climatization
power.

An effective possibility is to compare
existing glazing systems with theoretical ones.
We have done this in the past(2) and, due to both
the useful information obtained and (as we will
discuss later on) the more and more efficient
products we are developing, we can use the
process to consider other new “ideal” glasses.

Thermal comfort
As previously pointed out and discussed

elsewhere(10), there are many constraints to

comply with. Analysing one of the many
available solar irradiation spectra at sea level
(Fig. 1), and taking into account the luminous
efficiency function defining the standard
photopic observer(9,11,12), we see that within the
solar range (0.3-3µ), the energy is shared
between 2 per cent in the UV, 47 per cent in the
VIS and 51 per cent in the NIR range. Ignoring
the very small UV portion (more than half of
which, at least, is normally absorbed by the
glazing), we can approximate that the VIS and
NIR parts are 50 per cent each. We can ideally
reduce (by reflecting and/or absorbing) all the
NIR component, but we cannot do the same for
the VIS because of legislation rules, visual
comfort and styling reasons. We can try to
exploit the fact that the eye sensitivity curve is
so narrow, but we have to allow for the
importance of the colour rendering index
R

a
(2,11,12).
As far as the luminous and solar properties

are concerned, many standardised computing
methods (ISO, DIN, ASTM, EN, etc.) are
available. It is often impossible to compare
published data because they fail to specify the
standards used to work them out.

Fig. 1
Solar energy
CIE
spectrum
(AM1) and
eye sensivity
curve
for photopic
vision
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A vehicle is submitted to a large variety of
external thermal conditions. It can be parked or
it can move fast in summer under the sun. It can
be parked outside in a cold winter day and take
off full with people coming from a warm room.
Our technique has been demonstrated, by field
tests (2), to be very reliable. From our point of
view, its use is the ideal way to compare car
glazings in relation with their influence on
thermal comfort inside a car. This is one of the
reasons why, in our opinion, it is very useful at
the design stage, to carry out simulations in
order to identify, for each model, the best
compromise in terms of glazing, taking into
account the climate and the countries in which
the car itself is going to be sold. In practice,
some very effective solutions can only be
proposed for high level cars due to the costs
involved. Also, in different countries we have
to consider different legal requirements (it
seems we are still far from worldwide
standards), and this can leave room to identify
more efficient solutions in particular cases.

The possibility to carry out simulations is a
very powerful tool that will certainly be used
more and more in collaboration with car
manufacturers especially in order to develop
innovative materials and solutions for the
interiors (dashboard, seat fabrics, etc.).

Glass technology evolution
Let us now briefly consider the state of the art

in the field of solar control glazing for cars. (10)

In the last few years huge improvements
have been made in body tinted glasses. Glass
manufacturers’ efforts have been aimed at
optimising the products taking into account
legal requirements. In the case of front side
windows, for instance, 3-mm-thick green
absorbing glass is available, which has even
lower direct solar heat transmission values,
whilst the light transmission is kept at the
minimum imposed level.

For sunroofs as well as for rear and back side
windows, high absorbing glasses have been
developed which allow very low direct solar
heat transmission values, avoiding glare (thanks

to their low light transmission values), and
providing car privacy.

Also in the coated glasses family, more
efficient products are now available. As for
coated glasses, we restrict our discussion to
silver-based coatings, in which we see a real
future market for cars. The big step forward in
this area is the use of the so-called double silver
layer stack configuration. This implies higher
production costs (it is, in particular, a question
of large investment for dedicated lines) but, on
the other hand, more selective and very
efficient glasses can be obtained.

There are two means of exploiting the
magnetron sputtering technology used to
produce these coatings. One possibility is to
directly coat the glass surface, the second one is
to deposit the coating onto PET film. It is well
known that these kinds of coatings can be used in
monolith panes, so we have to distinguish
between two different configurations. We can
use the lamination technique, via a PVB
interlayer (two of half thickness if the coating is
on PET), or we need to protect the film within a
double glazing unit (apart from the case of
windscreens). Without going into deep detail,
some complex developments are needed in order
to be able to use the PET solution for very bent
shaped car windows. In all cases the coating is
placed as close as possible to the external glass
surface and (excluding some particular
asymmetrical glass configurations) clear float
glass is used outside, in order to maximise solar
heat reflection.

Finally, an extremely advanced solution for
high level cars, such as the BMW series E37, is
to adopt double glazing unit (DGU) windows.
This alternative (apart from other benefits we
are not going to describe here) creates a more
uniform temperature in the car interior, thanks
to low thermal transmittance of the DGU itself,
by maintaining a relatively low inside surface
temperature of the glazing in summer, and a
relatively high one in winter.

Furthermore, the DGU also gives the
possibility to apply silver-based coatings inside,
which implies definitely lower thermal
transmittance values thanks to the very low
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emissivity of the double silver layer
stack.

New products and
developments

Because of a wide and intensive
R&D programme and global
resources, Pilkington Automotive is
continuously developing new
solutions for the vehicle industry. As
far as solar control glazing for cars is
concerned, a list of some of the
newest products and developments
are mentioned below.

First, reference is made to the
Syndym© family of body tinted
glasses (Tab. 1). The range includes
high solar absorption and low light
transmission glasses (e.g., 435 for
Opel Tigra rear windows, or 418 and
513 for Opel and Audi sunroofs).
Even more efficient products are
being developed in order to enlarge
this product range.

A new body tinted green glass for
side windows, Optikool©, is now
available, which has even better
performance than the existing
Climaglass©.

With regard to silverbased
coatings, Pilkington Automotive has
been supplying windscreens both by
directly sputtering onto glass and by
using coated PET foils (Sigasol©).
The PET solution can also be used for
laminated side windows (Siglatur©).
Following the most stringent car
manufacturers’ requests, we are
evaluating the possibility of
supplying extremely selective car
window sets (laminated and/or
DGUs).

Conclusions
The availability of a computer

simulation package - based on a car
thermal model - able to predict

Table 1
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temperatures and thermal comfort evolution
(equivalent temperatures, PMV and PPD
indices, etc.) inside a car, is more than
advisable at this time in order to identify the
most suitable glazing solutions for each car
model, taking into account the climate and the
country in which the car will be sold. Such a
technique can easily compare the performances
of different glazing systems under the same
simulation conditions (be they static or
dynamic), and provide a powerful indication
about how to reach the best compromise.
Furthermore, this provides a complete and
real step forward to co-design with car
manufacturers.

Many improvements have been added to the
technique we developed some years ago for this
purpose. In its new release, the package is more
powerful and flexible, being able to comply
with car manufacturers’ requests and new
design trends. A special “data collection form”
has been prepared in order to allow car
producers to supply us all needed information
and to carry out a proper vehicle
schematisation.

A short description of the newest Pilkington
Automotive solar control glass products for
cars, as well as the most important development
lines, has been given.

The need for a worldwide harmonisation of
legislation on these issues has been pointed out.

This paper is concluded with a particular
wish: published data on glazing performances
should always specify the standards used in the
analysis.
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