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@ Method for the non-destructive inspection of concrete or ceramic roofing-tiles or other articles.

@ Method for the inspection of concrete or ceramic
roofingtiles (4) or other articles being substantially flat
but profiled and manufactured in a continuous production
line, whereby each article or each n* article (4) in the
production line is inspected non-destructively and the
measured data are stored.
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Method for the non-destructive inspection of concrete or ceramic

roofing-tiles or other articles.

The invention relates to a method for the inspection of
concrete or ceramic roofing~-tiles or other articles being sub--
stantially flat but profiled and manufactured in a continuous
production line.

In the production of concrete articles such as roofing-tiles
manufactured on the assembly line it is usual to take
samples regularly and to inspect said samples on a number of
properties.

The inspected samples are tested on their strenéth destruc-
tively but also the articles being not tested on strength but on
other properties one may generally consider as being lost.

The most serious problem is that the samples with respect
to number and spreading may not always be considered as repre-
sentative. With a number of production of 100,000 piéces in day-
and night-shifts a number of 100 pieces being tested is only one
pro mille. Moreover, the tests to be carried out are labour in-
tensive and the measuring results come only much later to the
knowledge of the production management.

It is yet worse that the sampling is especially limited to
the day-shift or in any case less intensive at night. Further
the sampling is yet concentrated on some hours after production.
Scarcely, there is talk of a representative spreading of the
sampling, whereas the small number of samples precludes absolute-
ly correct conclusions.

The most ideal situation would be to test each article
leaving the factory. Self-evident, it is not possible with cur-
rent methods, because thereby each article would be destroyed.

In any case it is desirable to take a high number of samples said

Although in most of the cases the quality controléby practice
takes place in use and statically and eventual by complaints of;
consumers there is provided for a clear picture of the quality
level said quality data comes lately back to the production

management such that a real feed back to the production will
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come to nothing and thereby an improvement of the product and an
eventual saving of material.

The circumstances leading to the eventual deviation are
gsometimes difficult or not at all to be recovered later on. Said
deviations may also be of such a kind that the properties are

only slightly effected adversely for example a too high thickness

by which it is a question of material wastage. :

The production of the articles is usual carried out automa-
tically and at deviations it always deals with high numbers of
articles having said wrong properties. The invention has the ob-
ject to improve the known method by inspecting non-destructively
each article or each'nth article in the production line and to
store the measured data. In this way it is possible to intervene
early in the production by which the number of articles not meeting
the specified requirements are kept as low as fdssible.

According to the invention the inspection can be carried out
statically and/or dynaﬁically. In a static inspection each nth
article is removed from the production line inspected in static
condition and fed back to an empty position inrthe'production
line. ) _

In a dynamic inspection each article or each nth articie is
inspected in the production line itself. Thus, the articles are
not removed from the production line. '

The invention will be explained by reference to the drawing,
in which:

FPig. 1 shows perspectively an embodiment of a production
line for concrete roofing-tiles;and

fig. 2 is a schematic side-~view of an apparatus for removing
roofing-tiles from the production line for a static inspection
and feeding back again.

Pirstly fig. 1 is elucidated.

In a horizontal track bottom molds 1 are fed succesgsively
to a roofing-tile press 2. Such a roofing-tile press 2 implemented
ag extrusion device is filled with concrete mortar pressed through
the extrusion mouth. The extrusion opening is bounded at the lower
side by the advanced bottom molds 1. Thus, the cavities in the

bottom molds 1 are filled up with concrete mortar. At 3 a slurry

is fed oato the top surface of the molded roofing-tiles 4 and at
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5 a granulgte is supplied.

The roofing-tiles 4 being wet yet are transported further in
the bottom molds.

At 6 the roofing-tiles 4 with the bottom molds 1 are stacked
in racks and advanced into a drying device not shown. At 6 the
dry roofing—tiies 4 still in the bottom molds 1 come back again
o the production line. -

The cured roofing-tiles 4'are lifted from the bottom molds 1
and advanced on a conveyor T to a packing device (not shown). The
emnpty bottom molds 1 are fed back to the roofing-tile press 2.
Before the bottom molds 1 arrive there they pass a device 8 in
which they are sprayed with molding oil.

Such a production line is known in practice.

According to the invention tle roofing-tiles can be inspected
at different locations and on different quantities.

The inspection can be static or dynamic.

In a static inspection a roofing~tile is lifted from the
production line, inspected amnd fed back to an empty place in the
production line. Then, one has the time available for the inspec-
tion under control.

This is not fhe case in the dynamic inspection. Then the
roofing-tile remains in the production line and the inspection
must be carried out in a time period determined by the speed of
the production and moreover, a moving article must be inspected.

At the "wet" side, so between the devices 5 and 6, in fact
only the thickness of the roofing-tiles 4 being wet yet can be
measured, said roofing-tiles 4 seat yet in the bottom molds 1.
Consequently the thickness of the bottom molds is measured also.

The spacing betwesen the measuring location of the thickness
of the wet roofihg—tiles immediately after the extrusion and the
supply of empty molds before the roofing-tile presé is known both
in measure and in number of roofing-tiles respectively molds.

The thickness of the molds - which may be vary by gradual
wear - can be measured at said location - thus befére the roofing-
tile press - . Sa:d thickness is stored in a memo-register and '
processed in measuring mold with roofing-tile. The memo-register

is reloaded continuously with a measuring number (at the left
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hand and right hand measured at the edge), whereas the processed
number is cleared.

By subtracting the thickness of the mold (the relagtion be-
tween the thickness of the edge and the thickness at the roofing-
tile valley is known) a real roofing-tile thickness is attained
at two measuring locations. The adjustment of the thickness can be
corrected, eventuélly gutomatically by hydraulic or mechanic means.

The storage of the thickness of the roofing-tile may be con-
tinuous, but deviations exceeding a predetermined - preadjusted -
tolerance can be signalized fof immediate action. For example,
red light: too high thickness and yellow light: too thin.

At the "dry" side,.thus after curing of the roofing-tiles,
more measurements can be carried out. Now, said measurements are
carried out for roofing-tiles without bottom molds either statical-
ly or dynamically. ,

In the static method each cured roofing-tile is testéd sta-
tionary, at least the roofing-tile 1is removed from the produc-
tion line. Thus, said static inspection takes place behind the
device 6 and after the roofing-tiles 4 are separated from the
bottom molds 1, for example at the location A. A device to be
used therefore is schematically shown in fig. 2. )

The device shown in fig. 2 consists of two towers 9 and 10
alongside and above the transporter and therebetween the measuring
table 11.

The nth

roofing-tile 4 to be inspected statically actuates
an elevator in the tower 9 when the roofing-tile is positioned in
the tower 9. Said elevator moves the roofing-tile 4 stepwise up-
wards until the top level is reached. Then, a reciprocating plun-
Jer 12 is activated shifting the nth roofing-tile 4 onto the
measguring table 11. Simultaneously, an avm 13 having a paw 14
moving with the plunjer shifts the ronfing tile already inspec-
ted to the tower 10 in which an elevator is provided moving step-
wigse and downwards the roofing-tile and moving it back to an
empty place on the conveyocr 7. At retrac-ting the plunjer 12 the
paw 14 tilts and is inactive.

During inspection the roofing-tile is stationary on the mea- -
suring table 11. The higher the number n the more time is available

for the static inspection.
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The rod6fing-tiles which need not to be inspected are normally
advanced further on the convéyor 7{

The roofing-tile to be inspected is pointed out by a counter
and a photo-cell,

Dependent on the adjustment each nth roofing-tile is removed
from the production line and supplied. Herein with "n" each number
is meant between 20 and 100 for example. If n = 20, 5% of the
roofing-tiles 1is inspected.

Since the roofing-tiles 4 advance with a high velocity (1,0 -
1,2 m/sec.) on the conveyor 7 the roofing-tile 4 ar®ived in the
tower 9 should be taken from the production line with the high
speed. .

As soon as the roofing-tile stops on the measuring table 11
measuring sensors not shown will measure the width at two locations
and transmit said width as a signal to the storage apparatus.

In the same wéy two measuring sensors>at preadjusted locations
will ascend from below and measure the length at two locations.

For eiample, the thickness is measured and also transmitted
by a measuring sensor of the shear type. Said measurement of
thickness is also effected at two locations.,

The weight of the roofing-tile is measured by means of pres-
sure boxes on which the respective strips seat.

Thereafter, the strength of the roofing-tiles is measured
with an uwltrasonic measurement, in which a transmitter beneath
the roofing-tile contacts the roofing-tile through a conductive
medium, for example water, and at the upper side a receiver recei-
ves in the same way the measuring signal.

While the geometric data are displayed in mm and the weight
in gram, the strength will only become known by a so-called refe-
rence cipher., By comparison with destructive strength measurements
of roofing-tiles of which the reference cipher is known the refe-
rence ciphers are given an absolute value.

Kfter the measurement in the above-mentioned apparatus the
roofing-tile is shifted to an equal 1ift belt in the tower 10.
Simultaneously with the rising 1ift belt, said 1ift belt moves
downwards so that the roofing tile is placed on the conveyor belt

7 where before a roofing-tile is lifted from.
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The available measuring time is dependent on the number of
sampling, for example with each 20th roofing-tile this is 10 sec.
gross. With each 10th roofingetile this is 5 sec., gross.

It is clear that regular tests by the quality controller are
not superfluous but serve as assistance and control of the auto-
matic control. In addition to the above-mentioned measurements
the following are always necessary yet:

1) measurement of waterabsorption

2) the rain test on a test roof

3) measurement of the operative width

4) frost resistance

5) measurements of a concrete and slurry compound
6) measurements of raw materials.

In the dynamic method each roofing-tile (or each second or
third roofing-tile) is inspected which is too rapid for the appa—
ratus of the static method.

The roofing-tiles to be measured advance with a conformable
movement in this case 1.00 % 1,20 m/sec. by means of a conveyor
belt in the direction of the packing station.

The roofing-tiles are separated from their molds and are
supplied with a maximum velocity of 1,20 m/sec and a minimum
spacing of 100 mm between the roofing-tiles.

The measurement of width (at two locations of the roofing-
tile simultaneously or after each other) will preferably be car-
ried out on a conveyor belt being approxima?ely 100 mm narrower
than the roofing-tile to be measured. The roofing-tile is posi-
tioned correctly for the measurement by means of an adjusted guide.
At the location of the measurement of wid+tr: the side-guide of the
roofing-tile on the belt is open such that the measurement may be
effected freely and non-obstructed.

The measurement of widi® may be carried out by a mechanic
gsensor on predetermined locations, in which the switch on is pro-
vided by a photo-cell eventually coupled with a counter.

However, it is better to implement the contactless measure-
ment by glassfibre optics, in which the tfanemitted light beam
from each fibre is received through reflection and the correspone

ding glagssfibre. By positioning in this way a number of glass-
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fibxes in a slotted nozzle a high accuracy is attained.

In order to obviate inaccuracies by milled edges, beards oxr
the like an inclined arrangement can be chosen for measuring only
the upper edge.

Basically, the measurement of length may be implemented op-
tically in the same way, in which the location of measurement is
preferably at “the valley (thus the lowest portion of the roofing-
tiles surface), i.e. at two locations simultaneously or after
each other. Mechanical measurement of length is more difficult
here by the fact that the roofing-tile is advanced in the measu~
ring direction.

If the measuring sensor would assume the same displacement
velocity as the roofing-tile along a specified path this is pos-
sible in a mechanical way.

Further, at the location of the measurement of length a
roofing-tile must be advanced on cables (thus free accessible
from below), on which said roofing-tile moves with a velocity of
1,00 & 1,20 m/sec.

The measurement of thickness is also carried out when it is
advanced on cables.

There are two methods conceivable for said measurement of
thickness, i.e.

1) a mechanical meaéuring method in which a measuring sensor con-
tacts the upper side of the roofing-tile and a corresponding
meagsuring sensor the lower side of the roofing-tile. The mea¥m )
suring locations should be in an arez where are no elevations, -

ribs or reinforcements. The measuring cipher can be measured by
mezns of "a shear movement with potentiometer or'by'meaﬁs of the
meagsurement of displacement of the lower and upper measuring
sensor from a fixed frame work.

2) a contactless measuring method in which an ultrasonic measu-
ring head produces a sound signal in the product through a
suitable medium, for example water and measures the echo
thereof. With a known spacing between measuring head and
lower side of the roofing-tile the thickness can be determined.

The weight of the roofing-tile can be determined by means

of a weighing belt. Said weighing belt is accommodated in the
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cable conveyor such that the roofing-tile is free .delivered from
the cables. The length of the weighing belt is maximally 100 mm
longer than the roofing-tile to be weighed. ‘

The weighing operation of the roofing-tile with belt should
be carried out such that the horizontal forces are eliminated.
Therefore the weighing belt is supported on pressure boxes the
centre of which is at the level of the roofing-tile. Moreover,
the weighing belt should be supported against horizontal movements,
whereag vertical movements must be not obstructed.

The gtrength of the roofing-tiles should be measured non-des-—
gtructive. As a method therefore it is thought of measurements
with ultrasound, in which the measuring heads above and beneath
the roofing-tile transmit respectively measure through a suitable
medium, for example water, a sound signal representing as refe-
rence the structure. From comparing measurements with destructive
tests of strength said dimensionless reference cipher may be trans-—
lated into real strength ciphers.

In fact, among all measurements the measurement of thickness
and the establishment of the weight are of main importance. Said
two values determine the compactness rate of the concrete.

A further imporitant inspection comprises the establishment
whether the roofing-tile is provided with the necessary suspension
camsg. Said cams are constituted by cavities in the bottom molds 1.
When for example-the spraring device 7 has delivered too much
molding o0il said cavity is partly filled uwp with oil and a correct
cam cannot be molded. A cam can also break off:during the molding
and transport. .

Said cams can be missing at the left hand or right hand.

A simple method for ascertaining whether the left hand cam is
present comprises the step of urging the roofingrtile downwards at
said location. If the left hand cam is lacking the roofing-tile
tilts up at the right hand. This may be determined by a switch or
photo cell. This is also in force for the right hand cam.

With the method according to the invention differing correct

roofing—-tiles are not rejected. It is only measured and stored.
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CLATITMS

1;-Method for the inspection of concrete or ceramic roofing-
tiles or other articles being substantially flat but” profiied
and manufactured in a continuous production line, characterized
in that each article or each nth article in the production line
is inspected ﬁon—destructively and the measured data are stored.

2. Method according to claim 1, characterized in that during
the inspection the articles remain in the production line so that
the inspection is carried out dynamically.

3. Method according to claim 1, characterized in that during
the inspection each nth article is removed from the production
line, ingspected in static condition and fed back to an empty
position in the production line. ' ,

4. Method according to claim 1, 2 or 3, characterized in
that the inspection comprises-the step of measuring the thick-
ness of the article at at least two locations.

5. Method according to claim 4, characterized in that the
thickness of the article is measured in that condition.

6. Method according to claim 5, in which the wet articles
each lie on a metal bottom mold, characterized in that the thick- h
ness of the bottom mold is determined and stored in a memory and
that subsequently the thickness of each wet article is established
including the thickness of the bottom mold.

7. Method according to claim 6, characterized in that the
measurement of thickness of the wet article on the bottom mold
is effected with electrical and.pneumatical approach switches
at two locations of the article,

8. Method according to one or more of the preceding claims,
in which the articles are dried on the bottom molds and subse-
quently fed back in the production line, whereafter the dried
articles are removed from the bottom molds and are supplied to
a discharge conveyor, characterized in that the thickness, the
length, the width and the weight of the dried axticles are deter-
mined statically or dynamically.

9. Method acco:diﬁg to claim 8, characterized in that the
thickness is determined through mechanical contact with the upper-

and lower side of the article with means known per se.
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10, Method according to claim 8, characterized in that the
thickness is determined without mechanical contact by means known
per se such as approach switches activated by photo cells, ultra-
sonic sound.

11. Method according to 6laim 8, 9 or 10, characterized in
that for measuring the length each article or each nth article
is transported longitudinally on two cord conveyors or the like,
said articles are spaced apart. '

12. Method according to claim 8, 9, 10, 11 or 12, characteri-
zed in that for measuring the width each article or each nth ar-
ticle is conveyed on a belt 6r the like, being narrower than the
articles. _

13. Method according to claim 8, 9, 10, 11 or 12, characterized
in that the length and the width of the articles are determined by
measuriﬁg means known er se such as infrared measuring apparatus,
photo cells or fibre optics. 7

14. Method according to one or more of the preceding claims,
characterized in that the strength of the articles is determined
by ultrasonic means known per se measuring the compactness of the
articles as well as the existence of cracks or the like.

15. Method according to one or more of the preceding claims,
characterized in that the presence of suspension cams and the like
is ascertained by supporting the articles at the cams on a belt
or the like and subsequently pressing on the left or right side
of the article by which the article by lacking of a right hand
or g left hand cam tilts.

16. Method according to one or more of the preceding claims,
characterized in that the color of the surface of the articles
is compared with standard colors.

17. Method accoxrding to one or more of the preceding claims,
characterized in that the articles having deviations exceeding
a preadjusted tolerance are removed from the production line.

" 18. Device for removing the n-bh dried article from the pro-
duction line, the static inspection thereof and the feed back to
the production line, characterized in that the device consists of
two towers having elevators and therebetween a measuring table.

19. Device according to claim 18, characterized in that the

elevators move the articles to be inspected stepwise upwards

- respectively downwards and that means operating in horizontal

v
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direction are provided for advancing the upper article to be in-

spected from the one tower to the measuring table and simultaneous-

1y to displace the article being already inspected to the second
tower.
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