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DEVICE AND METHOD FOR EVALUATION OF A CALIBRATION
ELEMENT USED IN A COLOUR PENETRATION METHOD

The present invention relates to a device, hereafter apparatus, for
evaluating, hereafter rating, a calibration element, hereafter monitoring
element, which may be or was subjected to a colour penetration method,
hereafter dye penetrant procedure, also to a method for calibrating, hereafter
rating such a monitoring element as respectively defined in the preambles of

claims 1 and 2.

Increasingly novel and in particular non-magnetic materials have been
used in recent times in both the automotive and aircraft industries, the dye
penetrant procedure assumes increasing significance in non-destructive
testing. The reason is that non-magnetic materials such as aluminum or also
ceramic and carbon-fiber composite materials cannot be tested using the

widespread magnetic particle inspections.

In a first stage of the dye penetrant procedure, a migrating penetrant
which fluoresces when irradiated with uv is deposited on the surface of the
workpiece to be tested. In general the penetrant deposition is in the form of
spraying the workpiece with a penetrant, also dipping it into a bath of

penetrant.

After the penetrant has been deposited, it is allowed for a given dwell
time to migrate into defects in the material, said defects being open toward
the surface, this process being caused by adhesion and capillary effects.
After said predetermined dwell time, the workpiece is washed in a manner
precisely defined by such boundary conditions as duration, water pressure

and water temperature to avert excessively washing the penetrant.

After the cleansed surfaced has been dried applying hot air, the stage
of “bleeding” begins. During this stage the penetrant that had been situated
in the defects open at the surface (for instance pores or cracks) will migrate

back to and on the workpiece’'s surface. This procedure is frequently
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optimized/enhanced by depositing a developer at said worpkpiece’s surface.
lllustratively said developer may be a fine-grain powder or a solution which
when dried leaves behind powdery residues. In this process the penetrant
diffuses into the developer. Following a predetermined and accurately
defined time interval, the surface flaws and defects are detected using an uv

lamp.

To assure that the dye penetrant process parameters were selected
optimally and the workpiece defects were reliably detected, a monitoring
element — which is fitted itself with artificial defects such as star-shaped
defects or other, similarly deposited surface damages to be detected — is
subjected at regular intervals to the same process as are the workpieces to
be tested. This monitoring element then is sanctioned by a technician or
checking operator who simultaneously also may be charged with carrying out
workpiece quality control using uv light. If the artificial defects are clearly
visible, this fact is manually logged by the checking operator into a book. If
said defects are not sufficiently visible, the process parameters of dye
penetrant treatment must be adjusted accordingly. This fact also is manually

logged by the checking operator.

Besides a “human factor” being introduced when rating the monitoring
element, that is, different checking operators may rate the observed
intensities differently, logging-in manually also demands considerable time
and hence expense. Frequently too the tested workpiece’s buyer requires

test documentation, so that the expense is higher still due to the paper work.

Accordingly it is the objective of the present invention to create
apparatus rating a monitoring element to which a dye penetrant procedure
was applied or is yet applicable, said apparatus allowing objectively rating the
monitoring element and reducing checking operator labor. A further objective
of the present invention is to create a method for rating such a monitoring
element, said method also reliably rating in objective manner this monitoring
element, simultaneously thereby the workload of the pertinent checking
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operator being reduced and the rating being attained independently of a

checking operator.

These objectives of the present invention are attained by means of
apparatus rating a monitoring element to be or already subjected to a dye
penetrant procedure as defined by claim 1. The procedural part of said
objectives is attained by a method rating a monitoring element of a dye

penetrant procedure defined in claim 12.

Further features of the present invention are defined in the dependent
claims. The invention is elucidated in illustrative manner below in relation to

the appended drawings.

Fig. 1 is a schematic, cross-sectional view of a preferred embodiment

of apparatus of the invention,

Fig. 2 schematically shows the preferred embodiment of Fig. 1 in

topview and

Fig. 3 is a flow chart of a preferred mode of implementation of a

method of the invention.

As shown in Fig. 1, the apparatus 1 rates a test element 2 to which a
dye penetrant procedure my be applied or already was and which is fitted
with at least one artificial defect open toward the surface of the monitoring
element 2 in the form of an indentation, further comprises an image recorder
in the form of a CCD camera 3 fitted with an objective lens 4. The CCD
camera 3 and lens 4 together generate an image of at least parts of the
monitoring element 2, said parts at least comprising one artificial defect. In
the preferred embodiment mode of the present invention, the monitoring
element 2 comprises five star-shaped indentations with different line widths,
all said five stellate defects being detected by the CCD camera 3 which is
fitted with a USB interface.

To generate the image of the monitoring element 2, same is
positioned on an insertion slide 5 which may be pulled out of the apparatus 1

as if it were a drawer to allow receiving the monitoring element 2 and then is

-3-
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reinserted. A recess 6 in said slide 5 receives the monitoring element 2 and
assures it remains firmly in position on the slide 5. The dimensions of the
recess are such that the monitoring element 2 can be placed in it and be
simultaneously held firmly in position. To record an image of the monitoring
element 2, it is illuminated by an illuminator 7 which in the preferred
embodiment mode consists of circularly arrayed uv LEDs. Obviously other
light sources may be used alternatively, for instance circularly arrayed
mercury or xenon vapor lamps. A circular array is not mandatory either,
however this configuration of the illuminator 7 around the zone of the lens 4
of the CCD camera 3 eliminates stop interferences (backlighting, scattered

light etc.) when generating the images.

To rate the condition of the monitoring element 2, the apparatus 1 is
fitted with an image analyzer rating the image generated by the CCD camera
3. In the preferred embodiment mode of the apparatus 1 of the present
invention, the image analyzer includes an image comparator 8 comparing the
image generated by the image recorder 3 with a reference image. In addition
to or alternatively to the image comparator 8, the image analyzer may
comprise line sequence means rating the image generated by image
recorder using a line sequence algorithm for detecting or filtering out lines,
i.e., edges or serires of adjacent pixels, that have a predetermined contrast to
the background. Further components of the image analyzer based for
instance on a classifying algorithm or other image rating procedures also are

conceivable and applicable.

Instead of the CCD camera, which may be black and white or color,
other cameras are applicable also, for instance an interlaced camera,
progressive scan camera, CMOS camera (which is able to process high
contrasts), or a digital camera. Instead of a USB interface, the camera and
also the image analyzer may be fitted with an IEEE or a R$232 or a serial or
parallel interface, or a network or a wireless interface. The CCD camera 3
may be integrated for instance using a grabber element (grabber card) or a

fire-wire interface.
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In order to assure utmost compactness, said apparatus of the
invention moreover is fitted with a deflecting mirror 9 deflecting the image of
the horizontal monitoring element into the objective 4 (also horizontal) of the
CCD camera 3. This configuration offers compact positioning of the control

element 2 and the CCD camera 3.

The image comparator 8 includes a reference image memory 10
allowing storing at least one reference image serving as the reference image
for the image comparator 8. Moreover the apparatus 1 includes a logging
unit 11 to log the images generated by the image recorder 3 and the ratings
from the image analyzer, as a result of which a log of the operation of the

apparatus 1 may be retrieved any time.

It should be borne in mind in this respect that the apparatus 1 was
designed to automatically rate the monitoring element 2 and in its in its
described preferred embodiment mode also being portable (carrying grip 12),
allowing carrying said apparatus from one test station where a dye penetrant
procedure is applied to the next test station where such a method shall be

applied.

A rating method of the present invention to rate a monitoring element
2 for a dye penetrant procedure takes place as follows (also see the flow
chart of Fig. 3).

The dye penetrant procedure is carried out in a first stage (a) at the
monitoring element 2. In other words, the monitoring element 2 together with
workpieces to be tested is subjected to the dye penetrant procedure.
Following this dye penetrant procedure and a selection of the type of
monitoring element by means key board 13 configured at the front side of the
apparatus 1, and upon insertion of the monitoring element 2 in the receiving
slide 5 — and after a manual release using the keyboard 13 — then, in a stage
(b), the CCD camera 3 generates an image of at least part of the monitoring
element 2 displaying at least a portion of an artificial defect. In the present
embodiment mode, the entire zone comprising the five star-shaped



10

15

20

25

30

WO 2008/147747 PCT/US2008/064036

indentations are recorded by the CCD camera 3. In a further stage (c), the
image generated by the CCD camera 3 is rated by an image analyzer of

which the output indicates the condition of the monitoring element.

In the preferred mode of implementation of the method of the
invention, the stage (c) includes comparing, by means of the image
comparator 8, an image generated by the CCD camera 3 with a reference
image. In the preferred mode of implementation the reference image is an
image of the same portion of a monitoring element of the same model, of
which the condition must be rated, and which offers an optimal defect
detection. In other words, the comparison is with an image of which the
artificial defects are optimally displayed by the previously applied dye
penetrant procedure. This shall be the case in the preferred mode of
implementation when the five stars configured at the monitoring element are

optimally visible under uv light.

Be it borne in mind in this respect that besides image comparison also
arbitrary other image analyses may be used, in particular procedures based

on a line sequence algorithm respectively a classification algorithm.

When the image analyzer output indicates that the condition of the
monitoring element 2 is adequate to continue applying the dye penetrant
procedure to the workpieces with the same parameters, then a light 14
(which is green in the preferred embodiment mode) lights up at the front side
(Fig. 2) indicating the procedure ié OK. [f however the output is
unsatisfactory, a red light 15 lights up (NG) indicating that the dye penetrant

procedure parameters must be changed/altered.

As regards the preferred mode of implementation of the method of the
invention, an image is generated not only following the dye penetrant
procedure applied to the monitoring element 2, but also prior to it (stage [0]).
The same portion of the monitoring element 2 is involved that shall be
illuminated subsequently to the application of the dye penetrant procedure.

For that purpose the cleansed monitoring element 2 is again inserted by the
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insertion slide into the apparatus 1 and, following manual release, using the
keyboard 13, shall be photographed by the CCD camera 3.

After an image of the control element 2 has been generated by the
CCD camera 3, said image is rated (step [0]) by the image analyzer, in the
form of the image comparator 8, to ascertain in this manner the degree of
cleanliness of this monitoring element 2. This procedure assures the
absence of any previous penetrant residues at the monitoring element 2
before it shall be subjected to the dye penetrant procedure. If said degree of
cleanliness is within a predetermined range of quality, then this condition is
displayed by the green lamp 14, namely the dye penetrant procedure may be
now be applied, whereas in the other case the red light indicates that the
monitoring element 2 must be cleansed. Once cleansed, said monitoring

element must again be subjected to the stages (0) and (0’).

In the preferred mode of implementation, the stage of image analysis
prior to the dye penetrant procedure also includes comparing the image
generated by the image recorder, respectively the CCD camera 3, with the
reference image, using the image comparator 8. In this procedure too the
comparison takes place with that reference image which is fitted with
optimally configured five stars. When checking the degree of cleanliness of
the monitoring element 2, the decision criterion is the magnitude of the
difference between the two images, whereas the decision on the condition of
the monitoring element 2 after it was subjected to the dye penetrant
procedure is determined by the largest possible congruence. Alternatively,
the reference image also might be that of a clean monitoring element 2, or

even of two reference images (for instance one of a clean monitoring element

2 and one with the best possible display). A still larger number of reference

images may even be considered, in which event the comparison might apply
to finding the state of the monitoring element closest to one of the reference
images. In the preferred mode of implementation of the method of the
invention, the reference image(s) is/are recorded/stored in the image

comparator.
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Instructions to the checking operator as well as the rating results (also
indicated by lamps 14, 15) are shown (additionally) in clear text on a display
16 (Fig. 2).

Ultimately All images and all checks and ratings are deposited/stored
in the log 11. In the preferred embodiment mode of the invention, this log is
a memory that can be linked to a computer network. Also this memory can
be connected to a portable or fixed printer allowing log printout and if need be

electronic forwarding.

Even though the invention was discussed above in relation to
embodiment and implementation modes of fixed feature combinations, it
includes also further conceivable and advantageous combinations defined in
particular but not in limiting manner in the dependent claims. All features
disclosed in the application documents are claimed as being inventive to the
extent that, whether in combination or alone, they are novel with respect to
the state of the art.
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CLAIMS

1. Apparatus (1) rating a monitoring element (2) to which a dye
penetrant procedure is or may be applied and which is fitted with at least one
artificial defect in the form of an indentation,

characterized
in that the apparatus (1) comprises an image recorder (3) generating an
image of at last parts of the monitoring element (2) that include at least
portions of the minimum of one artificial defect, further an image analyzer

which rates the image generated by the image recorder (3).

2. Apparatus (1) as claimed in claim 1, characterized in that the
image analyzer includes an image comparator (8) comparing the image
generated by the image recorder (3) with a reference image.

3. Apparatus as claimed in either of claims 1 and 2, characterized
in that the image analyzer includes a line sequence means rating the image

generated by the image recorder (3) using a line sequence algorithm.

4, Apparatus as claimed in one of claims 1 through 3,
characterized in that the image recorder (3) is preferably a USB compatible

CCD camera.

5. Apparatus (1) as claimed in one of the above claims,
characterized in that it includes an illuminator (7) illuminating the monitoring

element (2) during image generation.

6. Apparatus (1) as claimed in claim 5, characterized in that the
illuminator (7) is in the form of an annular uv lamp or of annularly configured
uv LEDs.
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7. Apparatus (1) as claimed in one of the above claims,
characterized in that it comprises a deflecting mirror (9) to deflect the image -
- of at least those parts of the monitoring element (2) from which the image

recorder (3) generates an image -- to this image recorder.

8. Apparatus (1) as claimed in one of claims 2 through 7,
characterized in that the image analyzer (8) includes a reference image

memory (10) that may store at least one reference image.

9. Apparatus (1) as claimed in one of the above claims,
characterized in that it includes a log means (11) to log at least one of the
images generated by the image recorder (3), and/or data generated by the

image analyzer, and/or ratings.

10. Apparatus (1) as claimed in one of the above claims,
characterized in that it is designed to automatically rate the monitoring

element (2).

11. Apparatus (1) as claimed in one of the above claims,

characterized in that it is portable.

12. A rating method with which to rate a monitoring element (2) in a
dye penetrant procedure, said monitoring element being fitted with at least
one artificial defect in the form of at least one indentation, said method
comprising the following stages:

(a)  applying the dye penetrant procedure to the monitoring element
(2), characterized in that the rating of the dye penetrant procedure comprises

the following, further stages:

-10 -
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(b) generating an image of at least one part of the artificial defect
using an image recorder (3);

(c)  rating the image generated by the image recorder (3) by means
of an image analyzer delivering information which is based on said rating and

which represents the condition of the monitoring element (2).

13. Method as claimed in claim 13, characterized in that the stage
(c) includes comparing, by means of the image comparator (8), the image

generated by the imager recorder (3) with a reference image.

14.  Method as claimed in either of claims 12 and 13, characterized
in that prior to the stage (a), the sub-stage (0) is generating an image of at
least one part of the monitoring element (2) by means the image recorder (3)
and the substage (0’) is generating the image rating by means of the image
analyzer, in order to determine the degree of cleanliness of monitoring

element (2).

15. Method as claimed in claim 14, characterized in that the stage
(0’) includes comparing the image generated by the image recorder (3) with

the reference image using an image comparator (8).

16. Method as claimed n one of claims 13 through 15,
characterized in that at least one reference image is recorded or stored in the

image comparator (8).

17.  Method as claimed in one of claims 12 through 16,
characterized in that at least the image generated by the image recorder (3)

and/or the rating attained by the image analyzer are entered into a log (11).

-11-
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