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With some of the most
important names in automotive
glass on its reference list, TAI
has established a reputation in
20 years of activity for reliable
technology in the field of
automotive glass manufacturing
and processing. Among its
latest innovations is a new
station for measuring optical
distortion in automotive
windows that allows the
detection of distortion in all
directions without the need to

move the window itself. The benefits of this system and of TAI’s other
recent technological developments are outlined here.
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TAI is also ready to move forward by show-
ing the result of its technological research. The
company has already supplied its technology to
the main automotive glass and automobile pro-
ducers all over the world, such as Pilkington,
Sekurit Saint-Gobain, PPG, Chrysler, Ford,
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he opening of Glasstec 2000 marks the
first major exhibition of the new century
for the international glass industry.

Expectations are therefore running high as to the
innovations that will be presented as emblem-
atic of progress made in the last years. 

TAI’s Optical Distortion Measurement station
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Keumkang, Hanglas, Glaverbel and many oth-
ers that confirm the reliability and quality of TAI’s
patented technology. 

During its 20 years of experience, TAI has
developed a wide range of systems, from its high-
ly renowned clip-soldering system to its latest
machines for the manufacture of automotive glass.
These include the Optical Distortion Mea-
surement System, the Automatic Windshield
Assembly System, the PVB Trimming and the Pur
Direct Glazing System with closure of the seal
and many others. At Glasstec 2000, TAI will be
demonstrating its Optical Distortion Measure-
ment and Glass Shape Check systems, and
more besides.

OPTICAL DISTORTION MEASUREMENT
The windows of an automobile, especially

windshields, must have certain optical char-
acteristics that are essential for safety. For
the optical quality of the windshield it is
essential that no scrapes, bubbles or defects cause
distortion of images. 

The official regulation in force, ECE ONU
43, gives the definition of optical distortion
and fixes a procedure for its measurement in auto-
motive windshields. The regulation requires
that, in a dark room, the windshield is placed on
a stand with the same inclination it has on the
car, and a slide is projected onto a white screen
through the windshield. 

The slide projects a regular pattern on cir-
cular elements - with a diameter of 8 mm on
the screen - across the entire windshield. 

To evaluate the distortion level, the opera-
tor must detect the areas where there is the
maximum distortion by slightly moving the
windshield in two directions and by measuring
the minimum or maximum diameter of the
most distorted element. This evaluation is no
trivial undertaking if one considers that several
thousand elements must be visually evaluated
to detect the areas where the distortion is high-
est. 

The operator must also detect which area
on the windshield corresponds to zone A) and
zone B) as established by the rule. The whole
procedure is quite complex and its results are
often affected to a considerable extent by the oper-
ator’s subjective judgement. Moreover, it is

evident that this procedure is suitable only for
off-line, laboratory, statistical checks on sam-
ples. Even the rules prescribed by the car man-
ufacturer, or those autonomously introduced
by the glass manufacturers, exhibit the same fea-
tures as the official regulation ECE ONU 43, with
the only difference being in the operative pro-
cedure or in the possibility to highlight differ-
ent types of defects. Among the most popular
of these is the Zebra Test, the light density
analysis and the Moiré fringes method. How-
ever, these methods do not allow the calculation
of distortion in all directions.

The station for the measurement of optical dis-
tortion in automotive windows developed by TAI,
on the other hand, allows the following goals to
be achieved:
• to automate the whole procedure, making

it suitable for 100 per cent production in-line
checks;

• to measure distortion using an objective,
precise and repetitive method;

• to detect the maximum distortion area by
analysing the whole windshield area, with-
out the need to move it.
The station can be produced according to

two different applications:
• laboratory analysis of distortion;
• in-line 100 per cent production quality check.

The method reproduces in a “reverted” way
the optical schema of the apparatus described
in the ECE ONU 43 rule. Several options are
available for the operator, such as:
• image storage and retrieval to/from hard disk;
• analysis of an image either from camera or

from memory;
• definition of field of interest for both image

scanning and analysing;
• definition of A, B and C zones on the image

by processing the NURBS functions; 
• definition of “custom” distortion colour scales;
• definition of analysis parameters such as

thresholds, filters, maximum distortions
allowed, distortion units (arc, mRad,
mDiopters); 

• image zoom in and out;
• analysis configuration storage and retrieval

to/from hard disk;
• colour report of the scanned glass with all the

main distortion information.
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The system is able to detect
optical distortion in all direc-
tions without any preference,
giving as a standard result the
maximum distortion and its direc-
tion for each single dot. Figure 2
shows a vertical distortion prob-
ably generated during the form-
ing process.

The output result is given basi-
cally in the form of a pass/fail signal that can
be remotely handled by a PLC to control the flow
of the windshields out of the check station.
With the in-line system, it is possible to detect
100 per cent of the production, so as to be sure
that glasses have a guaranteed value of distor-
tion. The machine can also be used to check dis-
tortion values “point-to-point” in order to detect
systematic defects of production and to have direct
feedback for any improvement of the line.
Additional information, such as maximum
detected distortion values and areas, are avail-
able locally on CRT or can be transmitted to a
supervising system.  

According to various options and glass
dimensions, the cycle, inclusive of glass load-
ing and unloading operations, can take from 10
to 20 seconds.

AUTOMATIC WINDSHIELD ASSEMBLY
In a process of continuous technological

renewal, TAI is constantly improving its systems

for automotive glass processing.
Among the latest achievements is the Auto-

matic Windshield Assembly System. This
process consists of:
• peeling of the PVB sheet;
• squaring of the PVB sheet;
• squaring of the two glass panes that make up

the windshield;
• inserting the PVB sheet between the glass

panes;
• sandwiching the three components together;
• trimming the extra PVB.

The single steps of this sequence of operations
can be performed by different types of equip-
ment. This leads to solutions that differ from each
other in terms of lay-out, cost and perform-
ance, i.e. production rate.

The squaring of glass parts, for example,
can be accomplished by servo reference con-
veyors, position transducers or vision systems.
The assembly of the two glasses can be performed
by placing the first one over the second, which
acts as a reference, or by squaring both glass-
es with respect to an absolute reference.

At its Open House from 7th to 11th February
2000, TAI recently demonstrated a low produc-
tion system with a cycle time of approximately
24 seconds that carries out the whole process
through different means:
• pneumatically operated tools for peeling one

PVB sheet at a time;
• a vision system for squaring the PVB sheet;
• two independent systems based on contact

distance transducers for squaring the two
glass panes;

• one pick-up apparatus for inserting the PVB
sheet between the glass windows;

• one robot for moving the two glass win-
dows through all the operations and finally 
sandwiching them together.

Fig. 2 
Detection 
of vertical
distortion 
in an
automotive
window

TAI’s Automatic 
Windshield Assembly System



253

Glass-Technology International 5/2000
w w w . g l a s s o n l i n e . c o m

Different solutions can be studied according
to production needs; TAI has, however, already
studied configurations of up to 12 seconds per
windshield.

GLASS SHAPE CHECK
At Glasstec 2000, TAI will also be exhibit-

ing its Automatic System for Shape Checking
of Bent Glass. A system can be equipped with
several types of distance transducers installed
in a glass fixture.

Three different types of measurements can be
distinguished:
A) gap measurements along the glass boundary

in a direction perpendicular to the glass
surface (surface gaps);

B) measurements along the glass boundary in
a direction perpendicular to the glass edge
and parallel to the same surface (width and
height check);

C) gap measurements perpendicular to the glass
surface within the boundary of the glass
(inside measurements).
Type C) measurements are carried out by

ultrasonic transducers, specially developed by TAI,
which perform a non-contact distance meas-
urement in the inner zones of the glass surface.
The system is able to detect small variations
from a reference gauge, typically 0.1-0.2 mm.

The system is controlled by the unit which,
besides controlling all the transducers, process-
es all the measurements and allows the input of
all the parameters (including absolute and rel-
ative tolerances, and the relationship between

*Technical Manager
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gaps). It also displays all the results on video and
stores them in the hard disk, processes on-line
SPC functions and interfaces with line super-
visor units, where installed.

The software has been completely developed
for Windows 95/98 and is composed of different
modules necessary for the configuration of the
measurement system, for recording and statistical
calculation and for maintenance of the station itself.
The system is also designed to be easily trans-
ported, quickly installed and connected. 

The Shape Check station can be configured
to manage up to 64 LVDT transducers and 20
ultrasonic transducers. For each production
run, the following functions are available:
• printing on request of the most recent results

and setting for continuous printing of results;
• storage of the results in several ways for

further off-line elaboration; 
• display and printing on request of statistical

data such as XR charts, trends and histograms.
TAI’s staff will be on hand to provide more

detailed explanations of these and other sys-
tems for automotive glass processing at Glasstec
2000. 

Example of data management in the
software for TAI’s Shape Check System
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