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139Due to its versatility and superior safety,
everyday use of laminated glass is on the
increase. Insulation against noise and
thermal and UV radiation are further
benefits deriving from this glass, which can
also be used in a variety of colours to
produce high-level aesthetic effects.
Finland’s Glassrobots goes one step further
with its machines for the processing of
custom-sized glass sheets, thus giving both
the architectural and automotive glass
sectors more flexibility of choice, along with
innovative solutions for laminating tempered
and special glass in particular.

aminated glass offers superior safety.
Since it does not break into sharp frag-
ments like ordinary glass, it is an ide-

al material for applications where safety is
paramount - from windows that protect against
break-ins to bulletproof screens. Laminated glass
can be used in glass roofs and partition walls
in shopping arcades, theatres, banks, halls
and other public buildings. It is also used as
screens for balconies and in railings and is con-
tinuously on the increase in everyday facilities
such as schools and kindergartens, as well as
in private homes.

In addition, laminated glass is an excellent
construction material, offering good sound
insulation and shielding against harmful ther-
mal and UV radiation, as well as saving ener-
gy. Different colour combinations of PVB-film
and glass can be used to produce an attractive
match with other building materials. 
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140 lamps, while air-cured resins are also avail-
able. These processes are comparatively slow,
which means that they cannot be used for high-
capacity output but, on the other hand, they
offer the advantage of eliminating the use of an
autoclave. There are, however, some restrictions
with respect to their use - one example is over-
head glazing. In some cases, resin laminated prod-
ucts offer superior sound insulation properties
on account of the fact that the resin between the
glass sheets is softer. Where polycarbonate is
used for bulletproof glass, resin can be used
between the polycarbonate and the glass. 

When using PVB, a polyurethane film has to
be used against the polycarbonate surface EVA-
film lamination does not need an autoclave,
but only undergoes a de-airing process. PVB-
film laminate is usually de-aired and auto-
claved, but an autoclave-free PVB-film is also
available on the market. However, the process-
es are slow and have not yet made a very great
impact. When the laminate is de-aired in a
vacuum chamber for bent or flat glass - this can
also be done in an autoclave - or in a pre-
pressing unit for flat glass, the air is sucked out
using a vacuum pump or pressed out with nip-
rolls. The vacuum process consists of a cold-
and hot-vacuum cycle. Vacuum rings around the
edges of the glass, vacuum bags or disposable
PE plastic around the whole glass sheets are used
to suck out the air between the glass sheets. Vac-
uum bags or polyethylene plastic (or similar)
are usually preferred, especially in glass with
sharp edges, difficult shapes and many holes. 

The difference between the vacuum process-
es with two different types of PVB-film -
normal and autoclave-free - is that the auto-
clave free PVB (AF PVB) requires a higher tem-
perature (135ºC instead of 80ºC) and longer
process time. The available autoclave free
PVBs can only be processed in a vacuum
chamber (or conveyor), not in a pre-pressing
unit. The most common process is, thus, the
one using normal PVB, which goes through both
the de-airing process and the autoclave. 

THE FLAT LAMINATING PROCESS
The flat laminating process involves a num-

ber of steps that can be implemented in slight-
ly different ways. These are loading, washing,
positioning, assembling, de-airing, unloading
and autoclaving.

More and more of today’s applications use flat
tempered glass, which is then laminated and has
to be cut to size. Lines that are designed only
for the production of stock size jumbo glass will
not usually have the flexibility required by this
custom-sized production concept. 

Traditionally associated with bent laminated
glass for automotive and architectural applica-
tions, Finnish bending and tempering line man-
ufacturer Glassrobots also offers complete lines
for the production of flat laminated safety glass.

BASIC CONCEPT
The basic concept in the production of lam-

inated glass is to bond together two or more sheets
of glass. This can be done by means of resin,
PVB-film (polyvinyl butyral plastic) or EVA-
film (ethylene vinyl acetate plastic).

In the resin process, resin is poured between
the sheets of glass and then cured with UV
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Loading
Loading can be carried

out using a loading lifter,
free-falling or tilting table.
The choice depends, in
part, on the size primari-
ly manufactured by the
client. The loading table
can feed directly into the
washing machine, or an
additional full-length in-
feed conveyor may be
installed in front of the
washing machine. 

Washing 
Horizontal washing

machines are generally
used on flat laminating
lines. It is, however, pos-
sible to have a vertical
washing machine followed
by a tilting conveyor, with the glass then pro-
ceeding to the laminating room. The most crit-
ical factor in feeding a flat laminating line is that
the glass is completely dry before the lami-
nating process is started.

The use of soft water is also important, and if
the general water supply is not soft enough, a sof-
tener should be added. Demineralized water is

another solution to this
problem, produced using
a water demineralization
system, either by reverse
osmosis or ion exchange.
Modern washing ma-
chines can also be used for
soft-coated glass.

Positioning
Accurate lamination

requires, first of all, correct
placement of the sheets of
glass on the positioning
table, carried out by tilt-
ing the positioning table
slightly and then driving
the glass towards a limit
switch. The Glassrobots
Lamirobot can then pick
up the glass and move it
to the exact position on the

assembly table. Lamirobot’s suction cups are
usually manually operated, i.e. if a glass sheet is
small, the vacuum valves have to be opened
and closed manually. The suction cups will auto-
matically sense the glass sheet underneath them. 

Assembly
At the assembly table, the PVB-film is insert-

ed between the glass sheets, with manual plac-
ing and cutting. The film is drawn from the
PVB-film roll-holder and then cut. When inter-
leaved PVB is used, this protective film can be
automatically wound onto the PVB roll-hold-
er. Where automatic PVB-film feeding and
cutting is provided, the operator may choose the
desired length of the film prior to automatic cut-
ting. When the film is drawn it will stop at the
given length, ready to be cut by the PVB-cut-
ter, immediately followed by trimming. In a ful-
ly automatic version, the PVB-film will be
placed on the glass surface automatically, i.e.
without any need to pull it out. Surplus PVB-
film around the edges is usually trimmed
manually: the human eye will provide a bet-
ter end-result than automatic trimming. Auto-
matic mode is not particularly convenient in
mixed production, given the constant need
to re-set measures. The assembly table is
divided into two halves, allowing glass pieces
to be laminated on the second half, while the
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• equally suited for the produc-
tion of stock or custom sizes;

• batch processing for small
lites to optimize line capacity;

• two-stage heating and
pressing for high quality and
efficiency;

• high convection for effective
heating - for clear, coloured or
coated glass;

• automatic measurement of
laminate thickness, ensuring
correct settings for press
rollers and conveyor speed; 

• designed specifically for ease
of operation and maintenance
with user-friendly Windows-

based graphic interface,
showing all line functions and
including the option of saving
process parameters;

• optional recording of 
humidity and temperature
data in the clean room and
storage room;

• full technical support 
during installation and after
start-up;

• innovative solutions for
laminating tempered glass and
special glass in particular;

• maximum working widths
of 1,600, 2,200 and 2,500
millimetres.

GLASSROBOTS FLAT LAMINATING LINES
INNOVATIVE FEATURES



142 first part of the assembly table remains in down
position. In this situation, the Lamirobot is not
in use and small glass sheets can be moved
directly to assembly.

It is also possible to transport a large num-
ber of small glass sheets to the pre-pressing unit
in one batch, thus providing increased capac-
ity in the production of small laminates. At the
same time, the assembly table will move the
whole or half the length to the pre-pressing unit. 

De-airing
The most typical set-up for de-airing is a

pre-heating tunnel followed by a first nip-roll,
a main heating tunnel and a second nip-roll. Either
IR-radiation or convectional heating can be
used. Where convectional heating is used the radi-
ation from the heating elements will, of course,
also contribute.  The purpose of the pre-heating
tunnel is to soften the PVB-film before it goes
through the first nip-roll, where most of the air
is pressed out before the edges begin to seal in

the main heating tunnel. The remainder of the
air is pressed out in the second nip-roll.

Glassrobots uses a combination of convec-
tional and radiation heating with heating elements
and fans, which has proved to be a highly effec-
tive method in mixed production, especially
with multi-layers, reflective glass, painted
glass, screen printed glass and so on. It elimi-
nates the need to modify wavelengths on the IR
elements, and also provides even heat all around.

In addition, convectional heating tunnels are
available as high convection units, in which the
air is even more efficiently circulated and the
heating elements are inside canals, with a
capacity of up to twice that of normal con-
vection. In the production of thick glass sheets,
oscillation of the glass in the main heating
tunnel may not be necessary.

Unloading and autoclaving
Unloading after the pre-pressing unit can

be done onto a castor table, from which the
laminate is unloaded, manually or with the
help of either an unloading lifter or a tilting table
- commonly used nowadays. From this the
glass is lifted to the autoclave rack where
slightly different temperatures and pressures are
required for different types of glasses during the
autoclave cycle.

Process control
Process control is normally possible via a

small control display. At Glassrobots, a PC is
now used for this purpose, providing the oper-
ator with a wide range of data such as tem-
peratures, nip-roll position and conveyor
speed. Information may, for instance, be saved
on a daily basis for later retrieval. It is also pos-
sible to take printouts, incorporate anima-
tions of line function and modify alarms for
greater diversity. PC control, furthermore,
gives the option of remote control with Glass-
Butler™. This allows Glassrobots technicians
to keep in touch with customer lines via
modem. Data on temperature and humidity
in the laminating and PVB storage rooms may
also be incorporated in the PC system.  ■
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