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Overview

Acoustic Resonance Testing is suitable to identify defective items in the automated production en-
vironment. Testing criteria are caused by physical properties of the items, the natural frequencies
and natural vibrations. This contribution considers the innovative approach of setting-up the testing
system by means of statistics on items produced. That approach abdicates on the traditional teach-
ing concept which is characterised by the use of (unreliably) pre-sorted good and bad items, but
takes advantage from the (mostly) correct assumption, that majority of the items manufactured are
good ones; some accompanying quality assurance measures are recommended.

Introduction

The acoustic resonance testing (ART) is a technology that has gained importance for fully auto-
matic, line integrated quality testing. The acoustic resonance testing, frequently also called as
sound testing, uses the clear physically caused vibration behaviour of elastic components, in order
to identify a performance relevant conspicuousness through a comparative measurement. The
technology is therefore so interesting, since on one side the complete component is checked ob-
jectively and on the other side the automated execution is comparatively easy, quick and takes
place without ecological damage. This volume oriented test technology is advantageous above all
for complex component geometries.

MEDAV developed Chameleon technique for CrackMaster system. Chameleon technique is an
innovative concept for:

» setting-up an inspection system by use of un-labelled items from the production line in a
stabile process (this means that the majority of the parts manufactured are “good” parts)

automated definition of tolerances to the quality features,
identification of untypical items within a series of items,

automated optimisation of system parameters by application of quality control loop,
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automated adaptation of tolerances to the production scatter,

» and recommendation of accompanying quality assurance measures.

For both concepts, the traditional (see below) and the innovative one, we assume that the testing
technique of ART provides suitable features to detect reliably defective items.
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Problems of the traditional approach of teaching an inspection system

The traditional approach to set-up a testing systems is to collect items which are assessed as
“good” and as “defective” (= “bad”) parts, together the “reference parts”. In a second step, these
parts are used for the teaching process of the system. Differences in quality related features will be
used to set tolerances to the features for the “good” parts in that way, that the defective items fail
that tolerances. This concept seems to be reasonable and effective. But in practise, this concept
often fails through its in-effectiveness and unreliability. Here we distinguish the main categories of
problems related to “reference parts”:

a)

b)

Collection of parts

The training process requires references for “good” and “bad”. As a consequence of this
demand, the references have to cover the complete spectrum of good and bad items - re-
lated to the production process scatter. This is an impossible requirement concerning the
scatter effect to good parts, and to get available all type of defects, located everywhere on
the parts. A compromise is necessary; but is that compromise a realistic one?

In some production processes defective parts are very seldom, maybe 1 per million of
parts. How to teach a testing system in such a process?

Our innovative approach is that we abdicate on a teaching process with pre-labelled
parts. We take a (big) stack of items from the production line, and apply statistics; postulate
is that the majority of these parts are “good” parts — a reasonable and realistic assumption
which is usually confirmed by accompanying quality measures.

Reliable assessment of parts

The reference parts, which should be used, have to be allocated to their corresponding
quality class. In some cases, defects are clearly visible, in many cases not or not reliably
visible; the assessment problem of “good” parts is similar. The user can apply offline testing
methods like magna flux, ultrasonic, X-ray, but usually will not conduct such inspections for
as many parts which are needed for system teaching.

Summarising that problem, teaching of the system is performed by parts which are uncer-
tainly assessed. The consequence of that uncertainty is that the system teached with
“wrongly labelled” parts will repeat that wrong decision on new parts. Defective parts may
pass and good parts may be rejected by the testing system.

Our innovative approach is to collect the items which are used for the system set-up. By
means of statistic, the typical range of the quality features for the majority of the items is
evaluated. Since the majority of the items are “good” quality related items within a reliable
process, the items related to untypical feature values are the most conspicuous ones
which should be assessed by using non-destructive or destructive testing methods. Only a
few parts has to be tested accordingly.

Process dynamics

Production processes are not static. There are some influences to the process caused by
material lots, tolerances and wear of tools, parameter settings of machines, kiln tempera-
ture, environmental conditions et al. These effects may not be stringent critically to the qual-
ity of the product, but they cause some scatter of the product characteristics.

The traditional approach considers this kind of process influences usually through two
strategies: Describing wide tolerances for the features of good parts or repeating the teach-
ing process with new parts. Typically the difference of features between “good” and “bad”
parts is big, if the defect is a voluminous one — this kind of problem is usually not a chal-
lenge; if the defect is a “small” one, then often the differences of the features for good and
“small defect parts” are also small.

Our innovative approach is that ART system adapts the tolerances of the features auto-
matically to the production scatter. This helps to avoid a new and time-consuming teaching
process.
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In the following we describe the steps necessary to setup our innovative inspection system Crack-
Master using ART technique.

The ten steps to areliable production system

The first two steps are more lab oriented tasks; the other steps will be performed in or close to the
production line:

1) To get acquainted with the vibration behaviour of the items

Objective of step 1 is to learn more about the vibration
behaviour. [1] is a contribution related to the advantage
of Finite Element Models (FEM) to understand the vi-
bration behaviour.

If the vibration behaviour of the items is known, the
user benefits through the following reasons:

(i) Knowledge of the important vibration modes to
identify (local) defects

(i'Knowledge of any limitation of defect identifica-
tion if applicable

It is important to understand that FEM is helpful for
challenging problems, i.e. small defects (cracks). “Big defects” are usually easy to detect and does
not require any sophisticated FEM simulation

2) Development of a measuring set-up
The measuring set-up considers aspects for

e Alignment of items. An exact positioning and a
decoupling of the item from test bed are neces-
sary to measure the normal frequencies.

e Stimulation of vibration modes. Impact or drop
techniques are popular. Locations of impacts are
important for excitation of vibration modes. De-
pending on the physics, for some geometries
more than one impact are necessary for a reliable
stimulation and evaluation of vibration modes.

¢ Measurement of vibrations. Typically micro-
phones, laser vibrometers or accelerometer based
tips are useful for signal acquisition

e Test and optimise repeatability
The assessment of the measuring set-up considers knowledge of the FEM results, or as a

suitable heuristic objective, to use that set-up that provides as many natural frequencies as
possible (for motivation: see 5)).
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3)

4)

5)

6)
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Recording reference data in the production line

With the outcome of 2), reference data for items can be recorded in or close to the production
line. Typically 100 to 200 items will be used for the basic parameter setting.

Since the production process is stabile, we know that most of the items of the reference parts
are “good”, but some can be defective — which ones, if applicable, is unknown.

We prefer to record the reference data in the series of production (FIFO principle).
We record for each item it's serial number, or if serial numbers are not available, we identify
each item with a unique number. This is necessary to have a reliable relationship of the data

recorded and the corresponding item.

Selection of normal frequencies to be used for quality testing

=+ Now frequency spectra are calculated for all data
recorded, and “frequency windows” are defined off-
line.

Ml 1 The definition of the windows follows the objective

that all “good” parts have at least one frequency in
. the corresponding window. Items with a strong de-
ol o | | fect may have no frequency in all windows.

0N Wl Typically some ten windows are defined.

-
£ m £ am =

Definition of a basic set of quality related features

The normal frequencies which are selected by step 4) are the basic features for the ART sys-
tem. But modern ART systems use additional features deducted from the normal frequencies,
amplitude, damping, frequency splitting if applicable, et al. - for each normal frequency).

We define many physically motivated quality features, e.g. 10.000 features if 20 to 30 normal
frequencies are selected. The big number of “sensitive” features is the reason that we are in
the position to have a very accurate look onto and into the item, and through this accuracy
CrackMaster can identify relevant abnormalities which can not be identified by other ART sys-
tems.

Each additional normal frequency recorded increase the capability of the system to identify
additional relevant defects.

Statistics applies for identification of typical items

Now all features of the basic set due to 5) are calculated for all items of the reference group.
To consider the situation that there can be some defective items (let's say less than 5% of the
references may be defective) within the references, we apply an “outlier removal”: 5% of those
feature values which have the largest distance to the most homogeneous feature value range

will be ignored before mean values and standard deviations are calculated — independently for
all features.
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7) ldentification of untypical parts within the reference group

All items are now listed in a table.

Measurement Serial

No No No 1.BestOf(S) 2 BestOf(S)
1 333 48 NaM (#3) NaM (#16)

F 33 5 Klahl /#41% Kiahl /#49)

3 32 5 NaN (£11) NaN (#12) | -—cocmmeee -

4 30 5 5 NaN (#7) NaN (#20) | -—-cemeee-=- -

5 29 5 5 -148.4 (#1093) | +148.4 (#92) | oo - i |
6 28 5 5 144.8 (#1093)  +144.8 (#02) | ---------mn - Crack items!
g g? 2 48 +15.2 (#623) +15.2 (#14) | —---------- -

9 329 P 1Sz} e gl 122 (#623) -

10 332 48 +15.2 (4606) +15.2 (£623)

11 335 48 +15.1 (#623) +15.1 (#14)

12 334 48 14 3 (#543) 13.8 (#513)

13 mn 48 -14.1 (#543) +13.7 (#618)

14 330 48 +13.7 (#618) +13.7 (#621)

40 70 11 +8.39 (#13) +8.30 (#622)

a1 73 1 ampen e Performance test by plant on

42 57 g +7.52 (#13) +7.45 (#622) q E

43 61 9 +6.96 (#10) +6.96 (4619) conspicuous items

44 246 36 +6.08 (#668) 5.33 (#561)

45 249 a6 +6.07 (#668)  +5.73 (#250) + |less QOOd parts

46 247 38 +5.06 (#125) +5.80 (#250)

a7 179 2% +5.92 (#125) | +5.70 (#1023)

18 15 3 36 +6.08 (#668) | -5.33 (#561)

49 200 29 36 +6.07 (#668) | +5.73 (#250)

o - It 36 +5.96 (#125) | +5.80 (#250)

2 2 = 26 +5.92 (#125) | +5.70 (¥1023)

53 2851 36 3 +5 84 (#1200) -5.71 (#966)

54 203 30 29_ -5.80 (_#IYT) -5.45 (#751)

55 217 32 +5.60 (#056)  +5.16 (s668) 00 TTTTTTTTT -
343 140 21 -2.11 (#257) 49511299 . TTTTTTTmoos - .
344 125 18 200 (#1366) +190(#1035) 0 =m==mm=e-meme= - Good items |
345 341 49 +2.08 (#1086) +204 (#1358) 0 me==e—m—————- -
346 143 21 2.07 (#303) 204(#¥1133) === 00 @memsmsm——-- -
347 204 30 +1.04 (#307) +101(8236) | e .
348 92 14 +1.87 (#107) -1.86 (#16)
349 138 20 +1.80 (#581) -1.79 (#977)

Then for all items and measurements (measurement index 2nd column) the distance of feature
value to their mean value is calculated and given as multiple of the respective standard devia-
tion. In the fourth column this distance is given as multiple of standard deviation for the most
conspicuous feature for the concerned measurement of this feature (in brackets with leading
“#), in the fifth column accordingly for the second most conspicuous feature etc. For 10,000
features thus 10,000 columns would be determined. Above in the table there are components
with a rough variation, where the natural frequencies are not available or are severely dis-
placed (“NaN"“). With continuous line index usually the specifications of records decrease and
go in the good components.

The user (plant) now concentrates on the performance test of the abnormal items and returns
a feed-back of his quality evaluation to the system. If the item is really defective, then the sys-
tem setting is fine, if the conspicuous item is a good one, then the related feature will be neu-
tralised. To avoid the problem, that a serial defect is included in the reference parts, also some
of the “most homogenous parts” will be checked that they are really good ones.

The benefit of that approach is that the plant uses only some items out of the list and applies
non-destructive and destructive testing techniques as well, to get the most reliable information
on the items’ real quality.

The term “pseudo defect” is to be discussed. Conspicuous samples have physically condi-
tional differences to the normal (good) components. The question of relevance of conspic-
uousness is basically required and can be assessed in case of identification of variations. If
the variation cannot be identified, there remains an uncertainty that one has to deal with rea-
sonably and appropriately.

Now the system is ready for activation in the production line whereby the tolerances of the re-
maining features should be set suitably.
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8) Optimising the system and automated tolerance adaptation

During the start-up phase a continued optimization of feature tolerances is required during the
series production. The following figure highlights the process. Settings in the system are re-
stricted essentially to input of results from the QS testing (QS = Quality Assurance) of con-
spicuous components. Additionally the conspicuousness limits of the current process devel-
opment adapt themselves in case of Chameleon-process, e.g. as fixed tolerance band to a
gliding mean value of each feature.

The claim in this QS-closed loop is, that in case of possibly less interaction with the system the
quality assessments of the responsible department is represented on the system. Thereby it is
assumed, that defective components are always noticeable in the current subsequence and
the majority of components are “good” — which must be ensured through QS- measures.

Through the automatic adaptation of abnormality limits with the process trend a compara-
tively more accurate process control than the static tolerance band is initiated and with that
there is a possibility to recognize less relevant conspicuousness. If the subsequence is not ob-
served from the production, then the control of characteristics is compulsorily bigger and the
recognition of less relevant conspicuousness will be less. This means, that through the auto-
mated adaptation, the latest item will be compared to the feature range of a history of the last
(maybe) 200 items: if it is a “typical” item related on the last 200, then it is “good”; if it is untyp-
ical (out of feature range), then it will be rejected. After the assessment of the last item, the
“history” will be adapted by adding the last item to it and to forget the oldest one. It is evident,
that if testing in the manufacturing subsequence, the feature range of the last 200 items should
be smaller than it is over the last 50.000 items, which may apply for a static tolerance band.

Documenta-
tion of
changes
and

i + - rejection
conspicuous sampies CM oniine ()
P P Calculation K"
CrackMaster does not interrupt SUF’P'Z’_"tE’:‘
—— the series testing during the adaptation of
— .
.II’=\\|‘ QS-evaluation loop conspicuousnes

s limits
Protocal with
setial number

Pratocol with
CrackMaster serial number
stares
measurement
+ testing
results

QS adds an
exanmination
results

Validation Input test results
in CrackMaster
DT, NDT

QS evaluation loop for assessment of performance test samples and conspicu-
ous items in series process by incorporating the QS (Quality Assurance) assess-
ment results in the system with the help of forms.

The CrackMaster online system locks out performance testing samples and conspicuous
samples and document components and relevant measurement data records. The abnormal
components can be examined for performance effect by QS with available methods (destruc-
tive and non-destructive tests). This process is documented and the “correct assessment” is
given into the CrackMaster system. CrackMaster automatically changes the existing conspicu-
ous limits in such a way that the abnormal components at the point of its online — assessment
would be assessed as “correct”, i.e. according to the QS assessment. In addition statistics is
added to features so that “premium features” remain unchanged (very important features for
the recognition of performance-relevant CONSpPICUOUSNESS).
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9) Adaptation to process relevant interferences, e.g. a new lot

In case of lot changes a volatile change of absolute = T oy p—

values of features can occur, e.g. conditional througha .. s s i S O M
new material charge or process parameter. These in- :
terferences can be more significant than the difference e
between good and bad components within a lot. o o e -
CrackMaster supports the adjustment of the conspic- &= -
uousness limit to the new lot parameters through an e
automatic lot adaptation strategy. Thereby it is re- ;e : :
quired that CrackMaster gets a corresponding control
signal, e.g. from PLC or manually actuated keys and of -
a manually accompanying component examination of =
performance testing samples.

o
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10) Maintenance and reference parts

ART systems are suitable for production testing. Calibration of transducers, impact devices
and requirements to repeatability are some issues which have to be considered if systems
should be introduced into the production line. The availability of a master part is recommended
to test the system regularly for working in a suitable tolerance.

Master references for “good” and “defective” parts are not applicable in the same way as used
for other testing techniques, but it is not really reasonable. Our innovative approach supports
that in a particular “master good / bad part assessment” set-up only and not online, because,
and this is the big opportunity of our approach — Chameleon has automated adaptation capa-
bilities to identify small defects — smaller ones as the differences between good ones over a
longer period can be.

Summary

MEDAV provides with the CrackMaster system a configurable system solution, where the opera-
tion of the system takes place possibly automated and simply. It is essential that the arrangement
is on the basis of unvalued serial samples with the help of statistical process. With the Chameleon
technique there is a chance, to recognize less relevant variations in non-static processes. Accom-
panying quality assurance measures are required, in order to practice a process safe solution.

CrackMaster with Chameleon technique is introduced in the production as automatic solutions and
represent an economical technology for the mass product testing. Besides the applications in the
sinter industry experiences consists of e.g. foundries, forging, sheet metal forming, and in the ce-
ramic industry.
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[1] H. Jonuscheit, E. Ernst: Crack Detection Using Acoustic Testing
Technology. PM 2008, Mannheim, Germany.
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