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FULLY AUTOMATIC ULTRASONIC HEAVY PLATE TESTING INSTALLATION -
COMPLETELY NEW BOTH IN ITS CONCEPTION A*"} TECHNIQUE.
CONTROLE ENTIEREMENT AUTOMATIQUE PAR ULTRA-SONS DE TOLES A CHAU-
DIERES TOUT NOUVEAU QUANT A LA TECHNIQUE AINSI QU'A LA CONCEPTION.

PIES W. ERFTSTADT.

KRAUTKRAMER GMBH GERMANY / FED. REP.

SUMMARY- Good» reproducible flaw detection with improved probes and optimally
' matched ultrasonic/electronics. Evaluation in different alternatives
up to standard classes and printing of test reports. Unusual ease of
operation and maintenance coupled with high operational safety.

RESUME : Reproductible Détection des défauts par une électronique ultrasonore
adaptée aux mieux. Impression du rapport sur les résultats de contrôle.
Evaluation en classes en conformité avec les normes. Confort exception-
nel de maniement en même temps qu'une extrême sécurité de fonctionne-

ment.

I.AUTOMATIC ULTRASONIC TEST INSTALLATION,TESTING PRACTICE AND DEVELOPMENT TREND.

With automatic ultrasonic testing installations, regardless of the
testing problem, the development is clearly uni-directional: higher
testing quality, i.e. good flaw detection and positive reproducibility
even over longer periods v?ith a simultaneous reduction of requirements
for the operating and maintenance personnel.
The increasing requirements on a test installation often conflict with
the daily testing practice, not only with reference to the ultrasonic
testing of heavy plate. In conventionally designed ultrasonic testing
installations the high testing quality required can't be met at all
or, at best, only with intensive maintenance and operation by quali-
fied personnel with a combined knowledge of ultrasonics, electronics
and mechanics. In most cases these kinds of specialists are either not
available at all or, if they do happen to be available then they are
few in number. Thus the test results obtained are subjectively influ-
enced due to the insufficiently qualified operator.
As far as the development of test installations are concerned what
then can be done, on one hand, to improve the testing quality of the
installations and, on the other hand, to enable the installations to
be operated by the "layman" ?
First of all the opportunity for the operator to "interfere" with the
functioning of the installation must be greatly reduced. The previ-
ously required fast reactions, due to changing characteristics of the
test specimen can no longer be expected from the operator. The func-
tion of the installation must be such that the subjective operator
functions can be replaced by fully automatic objective functions. At
the same time the operational safety of the installation must be in-
creased. Only a thoroughly proven technique can fulfil these apparent-
ly contrary requirements: an increase in the number of functions car-
ried out by the installation together with a simultaneous increase in
the operational safety. The improvements achieved are demonstrated e.
g. by the newly conceived ultrasonic heavy plate testing installations
with a new electronic system. For clarification purposes a block sche-
matic diagram (Fig. 4) is attached.
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II. THE NEWLY CONCEIVED ULTRASONIC TESTING INSTALLATION

11.1. Selection of the testing method

The method employs the TR-technique with water gap coupling. In
addition to a good flaw detection this test method also offers a simple
mechanical coupling between the surface of the plate and the probe hol-
der, so that, in spite of unfavourable testing conditions such as plate
waviness, high plate temperatures, dirty or scaled surfaces and high
testing speeds,"a testing installation can be used v/ithout a reduction
in the testing quality.

11.2. Improved probes

The careful combination of the physical properties of the TR-
probes forms the basis of the high technical level of the newly concei-
ved heavy plate testing installations. The position of the focal point
is chosen so that a good flaw detection is possible very close to the
plate surface. At the same time the consideration given to the design
of the housing as well as to the arrangement and form of the delay
blocks contribute to the fact that the amplitude of the cross-talk echo
is very small.
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Fig. 1 Echo display of 3 mm dia. equivalent flaw, 1 mm below the sur-
face of the plate, water gap 0.5 mm, (log. amplification);

A new type of unsymmetrical arrangement of transmitter and receiver cry-
stals results in a width of testing track, which could only be previ-
ously obtained by using several individual probes. The mechanical and
electrical expenditure is thereby considerably reduced and this results
in an increase in the operational safety.

II.5. Processing the probe-signals

II.3.1. Amplification

The received signals delivered by the probes cannot be directly
evaluated due to their low amplitudes. A series of amplifiers provides
the necessary amplification. Line drivers and receivers guarantee a po-
sitive transfer of the signals from "on location" probes to the central
electronics, which are located in a testing cabin. Then the signals are
amplified again, processed and displayed on a CRT screen. All the am-
plifiers guarantee an unfalsified signal transfer without reducing the
dynamics of the probe signals. The information contents of the received
signals by the probes thus remain unfalsified during the entire proces-
sing of the signals. Any interference by the operator is excluded, be-
cause the high dynamic range of the amplifiers makes the sensitivity
setting previously required, both, overall and in between individual
testing channels, completely superfluous.
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II.3.2. Linearizing according to the DGS diagram

Due to their physical properties the TR-probes are not linear, i.e.the
signal amplitude of a given reflector changes with the depth in the
specimen. This non-linearity is clearly shown in the DGS-diagram of a
probe.
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Fig. 2 DGS curves of a TR-probe

In order to be able to carry out a flaw evaluation independently from
it's depth, a linearising of the probe signals is indispensable. Depen-
ding upon the signal transit time, i.e. from the depth of the reflector
in the test specimen, the signal must be more or less amplified as
shown by the DGS curves. In this concept of an installation the DGS cur-
ves for the type of probes used are stored in digital form in integra-
ted memories. In each scanning cycle the stored values are called up
and used for controlling the gain of an amplifier. In the flaw expec-
tancy range the DGS curve for the desired limiting flaw size is effec-
tive, whereas in the backwall echo range a switch must be made to the
DGS backwall echo curve.
At the output of the amplifiers a linearized signal is available which
is suitable for an easy and accurate flaw size determination. The good
accuracy is a result of the optimally controlled coordination between
the DGS curve and received signals. For this the transit time gate for
the flaw expectancy range, the so-called flaw gate, is used. (Fig. 3).
A special control for an exact gate positioning, as described in the
following, provides a good coordination between the start of the gate
and the plate surface and the end of the gate and the backwall. The
stored DGS curves are called up with the beginning of the flaw gate.
With the end of the flaw gate a switch is made to the DGS curve for
backwall echoes. Thus an optimal coordination is given between the
DGS curves and the received signals at any point of time.

II.3.3. Digitalizing

After the received signals have been amplified and linearized,
the actual evaluation follows. In order to proceed clearly and repro-
ducibly there is first still an analog/digital conversion of the re-
ceived signals to be carried out. By means of high resolution and ex-
tremely high conversion rates the analog signal is transferred into di-
gital values without any appreciable loss of information. The signals
delivered by the probes are now available amplified, linearized and di-
gitalized in the form of sequential digital values. This method of pro-
cessing still allows full freedom of choice for further signal evalua-
tion. As the information is retained unfalsified and is present in a
reproducible digital form then e.g. a following simple collection of
data and also a comprehensive evaluation according to specifications
is possible without further preparations.
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II.4. Evaluation

II.4.1. Transit time measurement

In a conventional ultrasonic testing installation all attention
is paid to the scanning cycles with flaw indication. The greater por-
tion of the information gained consists normally however of scanning
cycles without flaw indications. Previously this portion of information
was ignored. It was not thought that it is precisely in these ultra-
sonic signals from a flaw-free plate section, that two important pieces
of information are contained in a completely unfalsified condition:
a) The wall thickness of test specimen, contained in the backwall echo

transit time.
b) The actual testing sensitivity, contained in the amplitude of the

uninfluenced backwall echo.
First a transit time measurement is carried out with the rapid sequence
of digitalized signals. At the moment when the transmission pulse.occurs
a digital counter starts, whose counting cycle is matched to the sound
velocity in steel. The counter is stopped by the rising flank of the
backwall echo. The value counted up to that time is a digital valuefor
the transit time from the transmission pulse to the backwall of the
plate.
A criterion for the accuracy of the transit time measurement and there-
by the determination of the wall thickness is the derivation of the
counter-stop-signal from the rising flank of the backwall echo. Diffe-
rent echo amplitudes and HF-nodal jvunps at the echo flank result in in-
accuracies of up to 10 per cent or more. For this reason a new functio-
nal unit is contained in the new concept of an installation which only
allows a transit time evaluation to be made, provided the shape of the
echo is suitable. A sufficiently steep flank must be present, i.e. a
previously given amplitude jump has to occur in a previously given unit
of time. The transit time counted up to the starting point of the eva-
luated echo flank is made available as a measured transit time value
for further evaluation. If the shape of the echo is not in accordance
with the requirements, then it is preferable to dispense with a transit
time measurement rather than have to contend with an inaccurate mea-
sured value. The functional unit described, the "amplitude-flank-dis-
criminator", functions completely digitally and thus with a high re-
producible accuracy. There aren't any drift or stability problems
which are unavoidable with analog circuits.

II.4.2. Fully automatic generation of transit time gates

To obtain the indication "flaw", the digitalized signals are
sorted according to their transit times. With transit time gates a li-
mitation is made to a flaw expectancy range and to a backwall echo ex-
pectancy range.
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The range of the plate thickness d is the flaw expectancy range. The
flaw gate must completely cover this range. To establish the start of
the flaw gate the transit time a of the respective testing track is tem-
porarily used as a constant value. Value a is determined and stored for
each probe in an adjustment carried out before commencing the test. The
start of the flaw gate is also an important starting point for the li-
nearizing of the probe signals according to the DGS diagram as descri-
bed in II.3.2.
The end of the flaw gate and thereby at the same time the start of the
backwall echo gate, is also an essential criterion for the quality of
the test. Primarily the end of the flaw gate is a function of the plate
thickness d. It must however be guaranteed that the backwall echo never
falls inside the flaw gate and thus becomes evaluated as a flaw which
actually wasn't present at all. Probable thickness tolerances of ± A d
must therefore be recognized and used for moving the end of the flaw
gate so that the flaw gate always ends ac d -L d. That means that when
testing, the thickness layer + Âdis not included in it. Flaws in this
range close to the backwall can not be detected. The start of the back-
wall echo gate is also important for the linearizing according to the
DGS diagram as described in II.3.2. In conventional testing installat-
ions the gates are, for the most part, either set. manually or semi-au-
tomatically by the operator. The responsibility of covering the whole
plate thickness as much as possible without thereby evaluating the back
wall echo as a flaw, lies entirely in the hands of the operator and de-
pends upon his skill and sense of responsibility. One can still doubt
that in the short period of time between two passing'plates a correct
gate positioning will be found. For the following passing of a plate
the selected position must remain constant, because probable changes in
the testing conditions occur predominantly so rapidly that they exceed
the abilities of a person to react to them. Naturally it is just this
type of problem which has been completely eliminated in the new test-
ing installation because the positioning of the gate is no longer done
manually but it is done fully automatically by being derived from the
probe signals. As described in II.4.1. in every scanning cycle the re-
ceived signal contains information of the local wall thickness of the
respective testing point on the plate. The electronics section of the
installation processes the incoming transit .time value with each scan-
ning cycle. In each moment actual information is available regarding
the plate thickness at different plate locations from which an optional
positioning of the gate can be obtained.
The follov/ing are the detailed sequences:
- As the plate enters the plate thickness is automatically recognized
without the operator having to make any prior adjustments.
- The gates for each probe are automatically calculated and individu-
ally positioned without interference by flaws or large laminations.
- During the passage of the plate the flaw gates always start exactly
with the plate surface, individually for each probe. Even changes in
the thickness of the water gap due to mechanical influences are re-
cognized and taken into consideration.
- The flaw gates end individually for each probe always directly in
front of the rising flank of the backwall echo. Even flaws from the
surface which run inclined to the backwall are recognized and do not
result in an incorrect positioning of the end of the gate.
- By means of additional average values accurate wall thickness values
are continually available during the passage of a plate. The costly
measurement stations previously required can be dispensed with.

II.4.3. Pre-processing to reduce the amount of data

By digitalizing the received signals (see II.3.3), the scanning
rate and the resolution have been set so high that there is an amount
of information of approx. 1000 digital words of S bits per scanning
cycle. The scanning cycle repetition frequency can be up to 20 kHz so
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as to guarantee a high cycling density and thereby a high testing capa-
city. Each second there are 20 million digital words each of S bits. A
further processing of these large quantities of information can only be
carried out at enormous expense. This new testing installation concept
embodies a problem oriented pre-processing of continually occurring
large quantities of information. From the 1000 digital words per scan-
ning cycle the most important words are selected. In this way the amount
of information per scanning cycle is reduced to two words of 3 bits
each, the "maximum flaw echo amplitude" and the "maximum backwall echo
amplitude". Nfiturally other kinds of processes are possible for reduc-
ing the amount of data e.g. the flaw expectancy range can be sectioned
into several thickness layers. Thus, for each thickness layer, a sepa-
rate value ifi retained as a maximum flaw echo amplitude. The remaining
amount of da-ca is then correspondingly higher.

11.4.4. Recognizing a scanning cycle with flaw indication

Two methods can be chosen for flaw evaluation. In each case a
difference is formed between the flaw echo amplitude and a reference
echo. The reference echo can be chosen as the influenced backwall echo
from the momentary scanning cycle or the uninfluenced backwall echo
from the last previous uninfluenced scanning cycle without flaw indica-
tion. The difference attained is compared with a previously giver, minir
mum difference. If the minimum difference is not reached then the."flaw"
signal is allocated to the momentary scanning cycle. If the alternative
"uninfluenced backwall echo" is chosen, then the flaw evaluation is done
strictly according to the DGS-diagrain. An exact limiting flaw size can
be obtained from the DGS-diagram and used for the test.

11.4.5. Interference suppression and flaw length discrimination

Before a flaw indication is recognized as an actual flaw a spe-
cial check is carried out. Only when a flaw indication is present se-
quentially uninterrupted n times it will be evaluated as an actual flaw
and routed further. The number n can be previously selected. In this
manner incidental indications due to external interference are effecti-
vely suppressed. As the ultrasonic electronics operates with a fixed
scanning cycle repetition frequency, the scanning density in the direc-
tion of transport on the plate depends on the speed of transport. The-
reby, at higher speeds, a flaw is struck by fewer scanning cycles than
at lower speeds. Thus the minimum flaw length required for recognition
depends on the testing speed. In the new installation concept this dis-
advantage is circumvented by changing the number n depending upon the
speed : /., )

n = f (II (1)
The ; transporting speed of the plate v is picked up by magnetic rollers
and!is used to change the number n. This results in a limiting flaw size
being able to be programmed which does not depend upon the testing
speed. Flaws, the lengths of which do not reach the limiting flaw length,
are suppressed.

II.4.6. Providing the test results

The provision of the test results is very versatile in the new
installation concept. The most simple form is by marking the location
of the flaws by paint marks, approximately true-to-location on the
surface of the plate. In the same way it is possible to make a true-to-
scale C-scan recording on paper. A further step is an evaluated C-scan
which has not been produced by a black/white recorder but, on the other
hand, by a numerical rapid printer. The coding of the printed numerals
provides data on the flaw sizes. The printing is done in the form of a
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test report with a heading which serves for identification purposes,
as well as with the length and width coordinates. A choice can be made
whether the printing should be maintained continuously in the form of
a C-scan or whether a print shouJd be made when an occurrence took
place. The lstter solution results in a considerable reduction in paper
consumption. The new concept offers interesting possibilities, carry-
ing out an even more comprehensive evaluation. For example the test re-
sults are obtained further for plate classification, according e.g. to
the SEL-specifications. A classification for the entire plate as well
as a meter-wise classification is carried out and printed. In addition
it is also possible to supply processed information to different loca-
tions in the rolling mill e.g. plate cutting coordinates to the crop-
ping area, supplying the quality control department with C-scans which
have been evaluated at different sensitivities etc.

II.5. Control of the test mechanism - function

In addition to the fully automatic electronic system, test me-
chanisms have been developed, which are well able to meet the high re-
quirements. They are supplemented by a completely new type of control
system with an unprecedented ease of operation! The operator of the in-
stallation has an actual "conversation" with the testing installation.
An easily readable display unit supplies him with clear text informat-
ion, queries and instructions. All the input data is fed into the in-
stallation by a 16 position keying panel. On the control desk there is
a schematic sketch of the entire testing installation. Each control
element is correlated to an LED indication, which is located in the
schematic sketch, corresponding to the actual location of the control
element. This results in a rapid "condition" and "sequence" indication
and survey of all the functions. Numerous monitoring functions have
been integrated without the operator even knowing about them. The un-
divided concentration of the operator is no longer required for moni-
toring these conditions. He is first made aware of any functional fai-
lure by means of a horn and the related clear text explanation on the
display unit.

II.7. Functional safety and reliability

The question of operational safety and reliability of such a
comfortably equipped installation with its numerous new automatic func-
tions is quite understandable. By the selection of a suitable electro-
nic system it has been possible to reduce the number of electronic com-
ponents and modules, the hardware, as compared to conventional solut-
ions. The ultrasonic part of the hardware consists of standard modules
which are produced in relatively large numbers as they are used in
other standard test installations. The rest of the hardware consists
of production type process computer systems thousands of which have
been manufactured. Together with the programming of the system by pro-
blem-oriented ultrasonic specialists, the soft-ware, the best condition
exists for a high operating safety.
If nevertheless a failure occurs it will be indicated immediately. For
this special precautions have been taken in this new installation con-
cept. During the test in the interval between two plates as well as by
being "called up", there is for the very first time, a continuous "over-
all check" of the entire electronic system of the installation. From
the transmitter units transmission pulses are fed into the pre-ampli-
fier as simulated echo signals. These echo signals are processed by
the complete electronics as with a normal test. The test result thus
obtained is compared with a normal result. As soon as there is a dif-
ference an alarm is actuated. Thus there is a continuing monitoring of
the functions of the installation. The further limiting of a defect
which could occur is simplified by means of special test programs, sc
that a high rate of operational readiness can be expected from the
installation.

rx?

m



œ

LINEARISED
SIGNAL

LINEARISING
CONTROL

^TRANSFER
TEST LOCATION-
CENTRAL ELECTR.

FREE PROGRAMMED
CENTRAL ELECTRONICS

START WITH

TIME MULTIPLEX TRANSFER

TRANSMISSION
PULSE

.SYNCHR.

iSTOP

TRANSIT
TIME

COUNTER

TRANS

TIME

AUTOMATIC
GATE

GENERATION
AND

WALL
THICKNESS

MEASUREMENT

PROCESSING
FOR

PRINTING
THE

TEST REPORT

CYCLE 1 .CYCLES
1-n

CLOCK

HOh

SYNCHft.

FROM/TO
TEST
MECHANISM

CHECK4-

, INDICATING
J SIGNALS

PROBES

CHECK FUNCTIONS

TEST
REPORT

PRINTER

MECHANISM - CONTROL
•MONITORING
-PROTECTION

SCHEMATIC
SKETCH

FOR
CHECKING

THE
FUNCTIONAL
SEQUENCE

IN/OUT
OPERATOR

C|_ . BLOCKSCHEMATIC DIAGRAM
FIG.4 op A H E A V Y PLATE TESTING INSTALLATION

1-3
M
Q

I
in

.1

I

-• t >WxV..t ; , ; . • / - , . . - , .


