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(54) MEASURING STATION FOR THE DIAGNOSTICS OF LONGITUDINAL BEAMS

(57) The invention relates to a measuring station for
the diagnostics of the geometry of longitudinal beams
comprising a test chamber (2) in which is arranged a
clamping plate (3), on which are mounted clamping beds
(31) for fixing a longitudinal beam, coupled to adjusting
means (311), and restrictor plates (32) for defining a
space for fixing the longitudinal beam, which are coupled

to restrictor means (321), whereby a laser profilometer
(331), which serves to scan the shape of the side/sides
of the longitudinal beam facing the laser profilometer
(331), is in the basic position arranged reversibly adjust-
ably above the clamping plate (3) in a direction parallel
to a line interlaid by the clamping beds (31).
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Description

Technical field

[0001] A device for the diagnostics of the geometry of
longitudinal beams by means of a laser profilometer.

Background art

[0002] It is essential for modern manufacturing proc-
esses to meet the requirements for the accuracy of sur-
face geometry and their critical tolerances. In the produc-
tion of longitudinal beams, such as roof racks, it is nec-
essary to ensure that they are precisely cut and bent to
prevent undesired forces acting between the roof rack
and the roof of the car, which could impair their function-
ality or cause damage.
[0003] Several methods are currently used to measure
longitudinal beams, the most common of which is a con-
tact method when a diamond stylus of a sensor is in con-
tact with the surface being diagnosed. Although the pres-
sure force acting on the stylus is not large, the measured
part of soft or adhesive surfaces may be damaged or
deformed. Another shortcoming is the radius of the dia-
mond stylus tip, since the stylus records only the contact
points between the tip and the measured surface and for
this reason it is not capable of measuring irregularities
smaller than the diameter of the sensing stylus.
[0004] Also, hand-held portable profilometers are used
to accurately measure the surface geometry of longitu-
dinal beams. The drawback is long measurement time,
since only partial operations are required. Due to this
measurement process and subsequent evaluation of the
surface geometry the resulting processing time is extend-
ed to several tens of minutes.
[0005] A device which performs automatic non-contact
scanning of an object is disclosed in US6157450. The
product to be tested is attached to a chuck which moves
in three sliding and two rotating axes. The chuck may
shift and rotate the object to be tested in all directions,
whereby scanning the surface geometry is carried out by
a laser profilometer mounted fixedly above it. The disad-
vantage of this device is the limited maximum possible
displacement of the chuck, which limits the largest pos-
sible size of the scanned object. Since the laser profilom-
eter is mounted fixedly, this device is not suitable for the
diagnostics of longitudinal objects, such as roof racks.
[0006] The goal of the invention is to provide a semi-
automatic device for the diagnostics of the surface ge-
ometry of longitudinal beams, which carries out scanning
and compares the measured longitudinal beam to a com-
puter model within a few minutes.

Principle of the invention

[0007] The present invention relates to a measuring
station for the diagnostics of the surface geometry of lon-
gitudinal beams, whose principle is a test chamber com-

prising a clamping plate, on which are mounted clamping
beds for fixing a longitudinal beam, coupled to adjusting
means, and restrictor plates for defining a space for plac-
ing the longitudinal beam, which are coupled to restrictor
means, whereby a laser profilometer is arranged revers-
ibly adjustably above the clamping plate in a direction
parallel to a line interlaid by the clamping beds in the
basic position, whereby the laser profilometer serves to
scan the shape of the side/sides of the longitudinal beam
facing the profilometer.
[0008] The test chamber, mounted in a metal frame,
is defined at the bottom by the clamping plate and on
sides and at the top by a material which does not transmit
the wavelength of the light emitted by the laser of the
profilometer. In a preferred embodiment, at least the front
side is made of a transparent material.
[0009] On the clamping plate, symmetrically from its
center in the longitudinal direction, are mounted clamping
beds with adjusting means, such as pneumatic cylinders,
which serve to fix the diagnosed longitudinal beam. The
adjusting means control the movement of the clamping
beds and the clamping means with a snubber provided
thereon for fixing the inserted longitudinal beams, where-
by insertion of the longitudinal beam in the clamping bed
is controlled by an optical barrier, which is mounted in at
least one of the clamping beds.
[0010] Located symmetrically with respect to the cent-
er of the clamping plate at its edges in the longitudinal
direction are folding plates, which define the space of the
longitudinal beam in the test chamber and which are con-
trolled with the aid of the restrictor means, for example,
pneumatic cylinders.
[0011] The drive of the adjusting and restrictor means
may be purely based on linear movement or conversion
of a rotary movement into linear, such as mechanical,
pneumatic, hydraulic or electromechanical movement.
[0012] Situated inside the test chamber is a CCD cam-
era serving as a bar code reader for unambiguous iden-
tification of the final product, the record of which is sub-
sequently archived.
[0013] In the upper part of the test chamber, a linear
slider controlled by a motor for precise positioning and
positioning is located above the clamping plate parallel
to the line interlaid by the clamping beds in the basic
position, with a laser profilometer used for scanning the
longitudinal beam to be diagnosed.
[0014] The front side of the test chamber is provided
with a vertical sliding door, which allows access to the
inner area of the test chamber. Both sides of this sliding
door have a lifting mechanism which controls this door
and whose operation is controlled by another safety op-
tical barrier, the drive of the lifting mechanism being lin-
ear, as is the case with the adjusting and restrictor means.
[0015] A Leap Motion contactless controller is dis-
posed on the frame of the structure in front of the test
chamber. The leap motion controller, which responds to
hand movements and gestures, is used to choose the
type of the longitudinal beam.
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[0016] The movement of the clamping beds, the folding
plates and the linear drive with the laser profilometer is
controlled by means of a programmable computer. The
diagnostics of the longitudinal beam and its evaluation
is carried out by automated software. After selecting the
diagnostics program, the clamping beds and the folding
plates are put to a position suitable for inserting the se-
lected type of the longitudinal beam and the whole object
is scanned. A 3D image is created from several scanned
profiles and compared to a stereolithographic model pre-
pared using CAD (computer-assisted design). By opti-
mizing the software for a specific product, the scanning
speed of one longitudinal beam is performed within ap-
proximately two minutes. The deviations between the di-
agnosed longitudinal beam and the computer model are
shown on the monitors located on the top of the frame.

Description of the drawings

[0017] An exemplary embodiment of the invention is
schematically represented in the accompanying draw-
ings, wherein Fig. 1 shows an axonometric view of the
device with the individual positions and Fig. 2 shows a
clamping plate with the positions.

Examples of embodiment

[0018] The measuring station for the diagnostics of the
surface geometry of longitudinal beams will be described
with reference to the schematic representation shown in
Fig. 1 and Fig. 2.
[0019] The measuring station comprises a test cham-
ber 2, which is mounted in a frame 1 and which is defined
from the bottom by a clamping plate 3 and from the sides
and the top by a material impermeable to the wavelength
of the laser being used. In the illustrated embodiment,
the semi-permeable material is smoked tinted plexiglass,
all its sides being transparent.
[0020] Two clamping beds 31 for inserting the longitu-
dinal beams are arranged on the clamping plate 3 in the
longitudinal direction, symmetrically from its center. The
clamping beds 31 are coupled to adjusting means 311
for changing the position of the clamping beds 31 de-
pending on the type of longitudinal beam to be tested. In
the illustrated embodiment, pneumatic cylinders are
used as adjusting means 311. Fixing the longitudinal
beam in the clamping bed 31 is ensured by a clamping
means 312 mounted in it, which is provided with a snub-
ber, so that the surface of the longitudinal beam is not
damaged. In the illustrated embodiment, the clamping
means 312 is a pneumatic cylinder with a rubber snubber.
The control of the insertion of the longitudinal beam in
the clamping bed 31 is performed by an optical barrier
313, which is arranged on one of the clamping beds.
[0021] Two folding restrictor plates 32 are arranged on
each side of the clamping plate 3 in the longitudinal di-
rection symmetrically from the center of the clamping
plate 3. The restrictor plates 32, which serve to define a

space for placing the longitudinal beam in the test cham-
ber 2, are coupled to restrictor means 321, in the illus-
trated embodiment to pneumatic cylinders, used to con-
trol the position of the restrictor plates 32 depending on
the longitudinal beam type chosen.
[0022] In the upper part of the test chamber 2, a linear
slider 33 is attached to the frame 1 of the device above
the clamping plate 3, parallel to the line interlaid by the
clamping beds in the basic position. A laser profilometer
331 is mounted in the linear slider. A CCD camera (not
shown), which is used as a bar code reader to identify
products, is attached to the inner rear wall of the test
chamber 2.
[0023] The front side of the test chamber 2 is provided
with a vertical sliding door 21, which allows access to the
inner area of the test chamber 2. Its operation is control-
led by pneumatic cylinders 211 of the sliding door and
the position of the door 21 is controlled by an optical
barrier 212.
[0024] In a preferred embodiment, a movable frame
11 is arranged on the lower end of the frame 1 of the
structure, whereby the movable frame 11 is sliding in the
horizontal direction to allow access to the electrical dis-
tribution switchboard and the industrial computer, which
are located at the bottom of the structure. This movable
frame 11 is provided with a mechanical gauge for meas-
uring the gap between the longitudinal beam and the car
roof. This additional device is used for mechanical in-
spection of the laser test chamber 2.
[0025] A Leap motion contactless controller 12 serving
to select the type of longitudinal beam is attached to the
central portion of the frame 1 of the structure above the
movable frame 11. Two monitors 13 are located on the
upper part of the frame 1 of the structure, one being used
for monitoring the overall production and the other for
selecting a program and subsequently for displaying the
results of the diagnosis of the selected program. The
whole structure is illuminated by LED lights 14.
[0026] After the machine is switched on, it is put into
the start-up mode, when the sliding door 21 opens, the
clamping beds 31 and the restrictor plates 32 move to
the basic position and the operator is asked to select a
program. After selecting the desired longitudinal beam
type using the Leap Motion contactless controller 12, the
sliding door 21 is closed, the clamping beds 31 and the
restrictor plates 32 are moved to the position for the se-
lected product. The clamping beds 31 move forward to-
wards the operator for inserting the left longitudinal beam
or backwards for inserting the right longitudinal beam.
The restrictor plates 32 move towards each other, to-
wards the center of the clamping plate 2, for a shorter
type of the longitudinal beam or away from the center for
a longer longitudinal beam. Subsequently, the sliding
door 21 opens for inserting the longitudinal beam, where-
by the fixing of the longitudinal beam to the clamping end
31 is controlled by the optical barrier 313 and manually
confirmed by the machine operator. After that the test
chamber 2 is closed again, the longitudinal beam is
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clamped by means of the clamping means 312 with a
snubber and subsequently the surface of the longitudinal
beam is scanned by the laser profilometer 331, which is
mounted in a motor-driven linear slider 33 for its precise
positioning. The laser profilometer 331 is coupled to the
means for creating a polygonal network from a plurality
of points formed by scanning the longitudinal beam. The
means for creating the polygonal network are coupled to
one monitor 13 for displaying the polygonal network,
whereby a second monitor 13, which is coupled to means
in which are stored computer-generated stereolitho-
graphic models of the longitudinal beams, is used for
displaying a respective model of the longitudinal beam.
[0027] The laser profilometer 331 scans multiple points
from which a polygonal network is formed, made up of
individual representing areas. These areas are com-
pared to the area which was obtained from a stereolitho-
graphic model prepared by using CAD (computer-assist-
ed design), the result of the comparison being the meas-
ured deviations between the longitudinal beam to be
measured and the model. Displayed on the monitors 13
are models created from a plurality of points scanned by
the laser profilometer 331, stereolithographic models
created by computer modelling and their mutual devia-
tions. The whole process of scanning and evaluation of
the surface geometry of a longitudinal beam having a
length of 1800 mm and a width of 40 mm takes approx-
imately 120 seconds.
[0028] In the case of a good result, the sliding door 21
opens and the longitudinal beam is released from the
clamping bed 31. Otherwise, the system waits before the
longitudinal beam is released to confirm that it is a faulty
product - the so-called NOK product (not okay). Subse-
quently, it is possible to test the longitudinal beam with
the same parameters or to make a new product selection
and test another type of longitudinal beam.

Industrial applicability

[0029] The measuring station can be used for the di-
agnostics of the surface geometry of longitudinal beams,
such as roof racks. During product processing, the diag-
nostic results can be used to adjust the setting of the
production parameters of the preceding machining sta-
tion. In the final inspection of the finished peace provided
with a unique bar code, the measured data can be ar-
chived for later inspection and control of the surface ge-
ometry of the longitudinal beam during its life cycle.

List of references

[0030]

1 Frame of the device
11 Movable frame
12 Leap motion contactless controller
13 Monitor
14 LED lights

2 Test chamber
21 Sliding door
211 Pneumatic cylinder of the sliding door
212 Optical barrier of the sliding door
3 Clamping plate
31 Clamping bed
311 Adjusting means
312 Clamping means with a snubber
313 Optical barrier of the bed
32 Restrictor plate
321 Restrictor means
33 Linear slider
331 Laser profilometer

Claims

1. A measuring station diagnostics of the geometry of
longitudinal beams comprising a test chamber (2),
characterized in that in the test chamber (2) is ar-
ranged a clamping plate (3), on which are mounted
clamping beds (31) for fixing a longitudinal beam,
which are coupled to adjusting means (311), and re-
strictor plates (32) for defining a space for placing a
longitudinal beam, which are coupled to restrictor
means (321), whereby above the clamping plate (3)
a laser profilometer (331) is reversibly adjustably ar-
ranged in the direction parallel to a line interlaid by
the clamping beds (31) in the basic position, which
is used for scanning the shape of the side/sides of
the longitudinal beam facing the laser profilometer
(331).

2. The measuring station according to claim 1, char-
acterized in that the adjusting means (311) are
formed by a linear drive.

3. The measuring station according to claim 1, char-
acterized in that the restrictor means (321) are
formed by a linear drive.

4. The measuring station according to claim 2 or 3,
characterized in that the linear drive is composed
of a pneumatic cylinder.

5. The measuring station according to claim 1 or 2,
characterized in that the clamping bed (31) is pro-
vided with a clamping means (312) with a snubber
to fix the longitudinal beam in the clamping bed (31).

6. The measuring station according to any of the pre-
ceding claims, characterized in that at least one
clamping bed (31) is provided with an optical barrier
(313) for controlling the insertion of the longitudinal
beam to the clamping bed (31).

7. The measuring station according to any of the pre-
ceding claims, characterized in that the test cham-
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ber (2) is provided with a cover impermeable to the
wavelength of the laser of the profilometer (331).

8. The measuring station according to claim 7, char-
acterized in that at least the front side of the cover
of the test chamber (2) is made of a transparent ma-
terial.

9. The measuring station according to any of the pre-
ceding claims, characterized in that the laser pro-
filometer (331) is coupled to means for creating a
polygonal network from a plurality of points formed
by scanning the longitudinal beam by the laser pro-
filometer (331).

10. The measuring station according to claim 9, char-
acterized in that the means for creating the polyg-
onal network are coupled to one monitor (13) for dis-
playing the polygonal network, whereby a second
monitor (13), which is coupled to means in which
computer-generated stereolithographic models of
the longitudinal beams are stored, is used for dis-
playing the respective model of the longitudinal
beam.
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