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SUMMARY: Review of techniques applied, with an accent on weld testing and examination
of nuclear pressure vessels during fabrication and periodically. The use of
multiprobe systems, merits of data recording. Present restrictions, require-
ments and trends.

RESUME : Resume des techniques appliquées, Ie controle des soudures et 1'examen des
recipients ä pression des réacteurs nucléaires en fabrication et périodique,
étant accentués. L'application des systèmes du palpeur multiple, l'avantage des
resultáis obtenus. Restrictions actuelles, exigences et tendances.

I. INTRODUCTION

Evaluation of the advancements in mechanised ultrasonic testing calls
for a critical appraisal of the basic elements involved, viz.:
- The electronical part of the ultrasonic equipment.

Transducers.
- Scanning mechanisms.
- Presentation and recording systems.

Means for the evaluation of the results.

In these fields important achievements have been reported by many institutes,
companies and laboratories from all over the world. A review of literature discloses
that a considerable number of features incorporated in present day equipment for
mechanised ultrasonic testing, have already been introduced (or at least indicated)
many years ago. Examples are found in the:
- Testing of aircraft structures [l]

Production control of rolled products and tubing [ 2 - 3 - 4 ]
- Rail condition evaluation [5J
- Weld testing [6 - 7]
- Medical diagnostics [8]
and still more could be added.

Developments in one of the above mentioned domair.s had their influence
on others and opened new perspectives.Not seldom they were initiated in other
branches of technology. This particularly refers to the electronical part and data
acquisition systems. Their composition has culminated in reliable equipment for the
periodic inspection of nuclear pressure vessels or other important systems.
Nevertheless many aspects require further attention. Such as : signal processing
to improve signal to noise ratio, the use of probe arrays and focussing probes,
systems to quantify or evaluate ultrasonic testresults and others. Indeed if one
investigates the advancements in the technologies connected with mechanical
ultrasonic scanning, all aforenamed aspects could be taken into consideration.
In this presentation an attempt is made to highlight only a number of them which
seem most relevant.
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II. MECHANISATION OF ULTRASONIC TESTING

Generally if the subject of mechanisation is introduced the accent seems to
fall upon speed. This is an important incentive for mechanisation when testing in a
production-line, where large product numbers or extensive volumes are involved. Never-
theless also for other reasons mechanisation may be indispensable. Six motives can be
mentioned, viz.:

- increase of testing speed
- elimination of human failures
- improvement of reproducibility
- establishment of optimum test conditions with respect to flaw detection and evalua-
- comprehensive recording of results tion
- remote controlled scanning.

Of course several of these motives are more or less related and they may also
have a mutual influence on the requirements and design of an installation.

II.1. Speed of testing

In a number of cases one can no doubt cope with large quantities to be tested
by increasing the number of operators performing manual scanning. At a certain point
this may become irrealistic from the economical point of view. However, in the majority
of cases one will recognize that soon some of the other motives mentioned previously
become more important than speed; particularly to improve flaw detectability, quantify
results and for the necessity to obtain an objective record of all the ultrasonic
findings. Speed is important if the system is to be used:

- in a production line
- for final examination of completed structures
- for base line and periodic inspections of installations which cannot operate during

the examination.
If one considers in more detail the testing speed of a mechanised system, the

number of volume-elements which can be tested per unit of time depends on the following
factors:
- Testing sensitivity required
- Surface condition of the component
- Accuracy and stability of scanning mechanism
- Signal to noise ratio.

The first factor obviously is an obligation and the prime aspect upon which
the testing installation should be based. The second one is very important and in some
cases one can state that surface preparation is essential to obtain the desired flaw
detection sensitivity anyway. The designer of an ultrasonic test installation will
generally concentrate upon the two last mentioned factors and try to find the best
possible compromise between sturdiness and manoeuvrability in the situation given and
endeavour to eliminate or suppress the influence of irrelevant signals. In principle
the latter is always the dominating factor and an important part of development work
will be concentrated upon it. Improvement of probe design, low impedance transducers,
screening, the use of triaxial cables, line drivers and other adapted signal trans-
mission systems are important. Means to eliminate the adverse effects of surface
condition, coupling and background indications, may also constitute an important part
of the installation. Once these problems have been solved, speed is finally determined
by the following characteristics:T = smallest target dimension to be found (mm),
Wb= effective beam width (mm), Pt = number of pulses on target with dimension T adequate
for the signal to noise ratio given. S = number of volume elements to be covered,
f = pulse recurrence freq. (Hz), V = scanning speed (mm/sec).

Scanning speed V = — . —
s s p

II.2. Elimination of human restrictions in manipulation

An automatic system cannot by itself compete with thp human intelligence and
will not invent solutions for possible unforeseen difficulties encountered while in
operation. However the human intelligence can be built in right from the beginning,
taking care of all probable situations the system is going to meet. Once programmed
it would follow a predetermined scanning path since its attention would not wander
and its performance not be influenced by psychological or other uncontrollable factors.
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II.3. Establishment of optimum testconditions

The quality of the manual examination is, apart from the condition of the
specification according to which the examination should be carried out, determined by
the knowledge, skill and integrity of the operator. Besides, the quality of the equip-
ment he uses, the environmental conditions under which the examination has to take
place, play an important role. A number of human limitations can be forestalled by
mechanisation. Particularly those of probe manipulation and in data handling. The
human ability to evaluate the content of a single indication in an A-presentation of
any complexity is very restricted. Even more so if the operator has to compile the in-
formation present in a number of coherent indication pattern, different however related
to one and the same defect. An obvious example is the determination of an echo envelope
for flaw identification and size estimation. Unless the geometry is very simple, the
operator should either make photographic screen images or drawings of the echo-dynamic
for later evaluation of the signal pattern. Sometimes the ability of an operator to op-
timize signals is mentioned as an advantage of manual scanning over mechanisation.
The importance of this feature should however be related to the value of flaw-echo
amplitudes in general. Experts become more and more aware of the severe restrictions in
connecting amplitude with flaw size. In several publications indications can be found
about the reliability of manual ultrasonic examination. [9 - 10 - ll]

At present a very large study is undertaken on an international scale to
compare the results of manual examination of large welded testpieces. Plates produced
in the U.S.A. under the auspices of the Pressure Vessel Research Committee are cir-
culating amongst 10 European countries. They will be examined in accordance with spe-
cifications given and be sectioned after the full ultrasonic testprogramme is completed
The international body PISC (Plate Inspection Steering Committee).has estimated that
this will take some years. It is to be expected that much valuable information can be
obtained from this exercise both with respect to the reliability of manual examination
and the probability of flaw detection and evaluation under almost ideal conditions.

By Sub-Commission VF of the International Institute of Welding a questionnaire
has been sent out in 1968 to draw up an inventory of possibilities to detect and
evaluate occurring defects in welds. The answers received are an unmistakable indica-
tion of the complications involved for present N.D.T. methods, including manual ultra-
sonic testing. Factors as material thickness, metallurgical structure and the orien-
tation, position, distribution, type and size of flaws determine the limitations and
are as many factors to be considered in developing the most appropriate ultrasonic
testing technique.

The problems still encountered in flaw size determination and the evaluation
of flaws connected with it make many expert realize that after more than thirty years
of ultrasonic testing, we are still at the doorstep of what is really required;
quantification of results. This of course is much more than a digital display of flaw-
reflectivity. With increasing application of fracture mechanics, the need for quanti-
fied data of size, orientation and depth of flaws, is apparent. Before this goal has
been achieved, much development work is needed and part of it will concentrate on
mechanisation with the aim to establish optimum scanning conditions and recording
systems. Some aspects deserving special attention,are mentioned in the following
paragraphs.

II.4. Ultrasonic probes

The probe has since long been recognized as one of the most essential elements
in ultrasonic testing. One can safely claim that a good deal of the difficulties en-
countered in ultrasonic testing has been solved by special developments in the domain
of transducer elements and probes. For example the examination of welds with an auste-
nitic structure has progressed mainly by improvements in probe design; [12]
In the development of probes a broad distinction can be made with regard to the aspects
flaw detection and flaw evaluation. In principle the requirements for these two aspects
are not coherent. The probability of detection for randomly oriented flaws is increased
by application of a wide beam and the use of a relatively low frequency. However,
evaluation demands a high resolving power and therefore a high frequency and narrow
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beam.The influence of frequency on flaw-detectability is shown in fig. la and ib [13]
The use of a narrow beam obviously implies more extensive scanning and points to the
need for mechanisation.

11.5. Multicrystal probes

The use of twin-crystal probes is certainly not new. They have been construc-
ted first for use with straight beam compressional waves in instruments not laid out
for single probe use, mainly to restrict the geometric dead zone. Their advantages
have been realised and today twin-crystal angle probes are more and more used for weld
testing or similar applications for their outstanding near-field resolution. Special
twin-crystal probes have been developed for the detection of reheat cracking occurring
underneath austenitlc strip-welded cladding and are used in mechanised systems to test
cladded vessels. [l4j Probes containing a large number of crystals working both inde-
pendently and in mutual operation have also been used for many years. [5 - 15]
In view of the complex pattern thus obtained their application is always found in com-
bination with mechanised scanning coupled to a suitable multi-channel recording system.
In all these cases a uni-directional beam is used whether the crystals in the probe
operate as transmitter, receiver or transceiver. They may considerably reduce the
extent of mechanical scanning otherwise required to obtain the same volumetric cover-
age of components being tested. However.multicrystal probes can also be used to con-
struct a moving beam. Such probe arrays are gradually gaining interest. Particularly
in the medical field advanced systems are already in use. [16] A fascinating probe
design has been developed which combines the concept of a phase compensated beam array
with miniaturisation. [17] The probe, only 3 mm in diameter, is made for intracardiac
investigations. See fig.2. It can pass through human arteries until it reaches the
heart to scan its interior for instantaneous study of moving cardiac structures. In
spite of the small dimension of the probe, it contains 32 crystal elements which form
a circular array. The pulsed beam could spin with 150 r.p.s. No doubt such developments
in medical diagnostics could also find technical application and deserve our full
attention in the construction of mechanised systems.

11.6. Focussing probes

As indicated earlier the signal to noise ratio is a determining factor in the
speed of mechanical scanning. One way to bring about a relative increase of flaw
signals over random indications is to apply a focussed beam. On the other hand thé
smaller the beam width the finer also the scanning pattern required to entirely cover
the volume to be examined. There is no simple mathematic relation to determine the
optimum condition as it will depend upon material characteristics and those of the
flaws to be revealed; particularly their size and depth. To improve flaw detection
sensitivety,focussing probes have been used in immersed scanning techniques for many
years. Also in other respects focussing probes have advantages. In combination with
mechanical scanning they offer good possibilities for flaw evaluation by mapping and
contour determination. [18 - 19 - 20] Another feature mentioned before is that it
helps to reduce the undesirable effects of the directivety function of flaws. The
explanation lies in the fact that the redirected sound from a flaw diverges in propor-
tion to the size of the area struck by the impinging sound waves, independent of the
size of the flaw itself. Maximum divergence of the reflected waves will therefore occur
when the flaw lies at focal distance. This at the same time indicates a draw-back of
the use of present day focussing probes; either constructed with curved crystals,
acoustic lenses or mirrors. A fixed focus is good enough when the examination can be
confined to a particular zone, but rather inefficient for a volumetric examination.
Probes focussing over a large depth can be made for immersed scanning. The principle
of this so-called ultrasonic axicon is indicated in fig. 3 and described in literature.
£2l] Also probes focussing over a large depth can be achieved by the use of an annu-

lar transducer built up from crystal segments, activated in a rotational mode by
multiplexers. [22] See fig. 4. One of the multiplexers switches the diametrically
positioned transmitters, the other, rotating in the same pace, the receiving elements
in the annular transducer. To apply this principle in a multiprobe system would render
the electronic equipment still more elaborate,but seems feasable.
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11.7. Ultrasonic testing techniques

In the course of the years a variety of ultrasonic testing techniques have
been developed. The classical pulse-echo, the transmission or shadow techniques and
others. The advantage of mechanical scanning techniques is that a number of them may be
applied more or less simultaneously, so that the information each of them is able to
supply can be combined and correlated. Those more or less established techniques re-
ceiving consideration are : Normal pulse echo, Transmission, Scatter Intercepticin[23J Tan-
dem, Delta, [24]. All these techniques can be carried out with multiple probe systems.
Their combined effect may also be used for flaw evaluation. For instances responses
obtained in a pulse echo technique may be differentiated from those obtained
in the tandem technique to indicate flaw orientation.

11.8. Mechanical Scanning

The relative movement of the probes with respect to the object can take a num-
ber of pattern. Sometimes this pattern results from the motion of the component In
combination with probe movement. The following patterns are met : linear, rotation,
spiral, screw line,, meander (crenel) . The pitch in all these cases determine the late-
ral and/or depth-resolution of the system and is directly related to testing speed,
(see par. II.1.) Sometimes the pitch can be selectively adjusted from large to fine,
once an indication appears which exceeds a predetermined level or extent. Much depends
upon the purpose of the examination, acceptance criteria, in particular the severity
of the evaluation. Should flaws be evaluated in greater detail it is necessary to im-
prove the resolution and consequently scan along a finer mesh.

III. INSPECTION OF NUCLEAR PRESSURE VESSELS

For base-line and periodic inspection of nuclear vessels, the vessel wall
is divided in a number of zones, for instance as shown in figure 5. Each of them is
examined as an individual layer in the material. Hereby a number of different tech-
niques is applied. [25 - 26 - 27j The probe-configuration is such that the beam-overlap
lies at -6 dB of the maximum value. Obviously such a system has a restricted depth
resolution. This is acceptable under the circumstances given, for these tests are only
intended to watch possible deviations between subsequent inspections. By definition
flaws present during the base line inspection whould have been noticed in earlier
stages of examination and once they have passed the acceptance tests after manufactu-
ring, they need no further evaluation. A mechanised ultrasonic testsystem to be used
during fabrication and for the final acceptance test should however take account of
flaw responses in detail. The data supplied should bear sufficient information to esta-
blish a decision on acceptance or necessary repair. Consequently in mechanised systems
for the examination of nuclear pressure vessels one could consider four situations and
the following number of conditions belonging to it:

III.1.Fabrication testing

- Examination of base material and welds take place separately.
- Base material should be accepted prior to welding.
- Weld examination should be carried out during fabrication,- if at all possi-

ble at elevated temperature. [30]
- Presentation of results in a direct readable form to facilitate actions

in case of repair.

- Speed of testing system to be in harmony with manufacturing- and repair-time.
- Vesselparts lie on rolls horizontal in boilershop.
- Examination can take place from both, outside and inside.
- Examination can take place prior to cladding.

III.2. Final production test

- Prior to heat treatment.
- Presentation of results in direct readable form as used for III.l.
- Accelerated testing speed, continuous scans.
- Vessel horizontal on rollers in boilershop.
- Examination preferably only from outside.

r
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111.3. acceptance test/base line inspection

- After heat treatment and pressure test.
- Data acquisition ar.ci presentation in accordance with subsequent periodic

inspection scheme.
- Accelerated testing speed, continuous scans of welds and base-material in

the two main directions.
- Vessel vertical in manufacturers plant or in reactor hall.
- In simulated radioactive environment.
- Outside or inside inspection dependent on reactor type. [28 - 29]

111.4. Periodic inspections

- Identical to base line inspection performed.

When the installation has been used and consequently become radioactive, there is an

extra need for mechanisation, as remote controlled mechanical scanning is required
to bring the exposure of operating personnel down to an acceptable level.
During the manufacturing stage it is important to differentiate between planar- and
non-planar weld defects. Possible solutions can be 'ound by spectrum analysis, [31 - 32J
holography, [33] directivety determination by scanning from different angles [6]
or normal flaw contour and amplitude correlation. The latter seems the most practical
at this moment.

IV. REPRODUCIBILITY

The reliability of a testing system is often judged by the ability to reveal
known discontinuities (either artificial or natural) and the reproducibility of the
results obtained in a number of subsequent scans. The capability to reproduce identical
pattern in consecutive examinations of the same material volume is indeed an essential
feature of any testing system. It is of jnramount importance in the application of
periodic inspections of a nuclear pressure vessel. In terms of ultrasonic testing this
means the accuracy with which flaw echo envelopes can be reproduced in successive iden-
tical scans. The accent falls on the amplitude-values and normally 2 dB differences
herein are considered acceptable (although 2 dS means an amplitude variation of approx.
20 % ) . Actually under practical circumstances it seems almost impossible to obtain bet-
ter values considering the conditions prevailing at a nuclear vessel. Surface rough-
ness, a small back lash of a manipulator, temperature differences which influence sound
velocity and consequently refraction, etc. are responsible for such variations. In a
way such a requirement based on echo amplitude is a good measure of the stability of:
probes, mechanised parts, coupling conditions, the electronics as a whole, and as such
valuable. It is questionable whether this criteria can be called realistic from the
amplitude evaluation alone. Considering that the flaw echo amplitude in the majority
of cases bears no significance neither to size nor to character of the flaw. In perio-
dic inspections of nuclear vessels it is, however, the major datum to notice alterations.
If one wants to make sure that data obtained during a periodic test will not differ
from previous results unless something in the internal condition of the component is
actually changed, variations resulting from equipment instability should be excluded.
The usefulness of appropriate testblocks is apparent. Fig. 6 shows a design used in
practice. Once the attainable reproducibility has been determined all extra variations
occurring during an ensuing inspection should be looked at with suspicion. Primarily
the extent of the indication, in the se.cond place the amplitude. Whether this amplitude
has increased or decreased it may both be an indication for a growing flaw.

To achieve good reproducibility, sturdiness and precision of manipulators are
of utmost importance. The design must be such that no natural vibrations and hysteresis
of the system can interfere with the movements, programmed and preferably laid out in
such a way that a continuous motion can be made avoiding inaccuracies due to back-lash.
Manipulators should be equipped with position-indicators, the output of which facili-
tates steering and can be used to mark the records made. Such position-indicators should
be mounted as close to the probe(s) as possible to produce the most realistic figures.
Also the stability of the electronic part needs great attention to obtain good reprodu-
cible results over a wide range of operating temperatures, e.g. -10 to +50° C.
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This refers particularly to drift in the measurement of pulse travelling time.
Automatic compensation, or at least automatic warning, if the deviations exceed a pre-
determined value, is necessary. The tolerance in amplitude is not very critical consi-
dering the above made observations. The time base circuits should have a higher accura-
cy depending on the resolution required. With present day ultrasonic equipment, using
crystal controlled triggering an absolute accuracy in gate setting ( position and width)
of 0,2 mm ( transverse wave path in steel ) is obtainable. Of all elements, probes
should regularly be checked to ensure their stability. Probe characteristics, as beam
pattern, sensitivity, probably also their pulse-shape should be checked prior to use
and recorded for later reference. Particularly during contact scanning the probes wear
and change characteristics. After an ultrasonic examination of a large vessel, where
contact scanning was applied, the differences in amplitudes before and after the in-
spection were checked on a testblock and amounted 2 dB which is considered reasonable.
In this case the scanning path drawn over an as welded strip cladded surface had a
total length of approx. 12.000 m [27] Obviously the probes had been constructed in
such a way that they were wear resistant.

V. PRESENTATION AND RECORDING

In mechanical scanning a number of presentation- and recording systems are
in use: B- or C-scan presentation, Memory scopes. Cinematography of screen images,
Paper recording with a variety of systems in both analog and go-no go style. Digital
printers. Facsimile recording, P-scan recording. Tape recording. It depends on the
applicacion which of these recording systems are most appropriate. They all have their
own merits and particular field of application.

- B- or C-scope presentation and memory-scopes are often met in combination with medi-
cal diagnostic scanning systems.

- Cinematography is found where a high testing speed is required, however evaluation
can take place separately; for instance in rail condition evaluation. [34]

- The advantages of go-no go recording in on-line quality control are most apparent,
once levels of acceptability have been established. Also digital printers are found
to be most suitable in fabrication control to express flaw amplitude and flaw extent.
[35] For initial evaluation, analog-recording is desirable.

- So called P-scan recording, in the early stage of its development accomplished with
light emitting diodes has been further developed and flaw plots can now be made on
electrosensitive paper showing location extent and directivety of flaws. [36]

The P-scan system shows fascinating aspects as it combines the flexibility of manual
scanning with the extensive data acquitision,mechanisation is used to furnish.
One can look forward to its practical applicability with interest.

- For mass inspection of identical components or for recurrent inspections, it has
definite advantages to use tape recording so that pattern recognition systems may be
applied. Tape recording has been applied to a large extent in periodic inspection of
nuclear pressure vessels in combination with off-line and on-line visualisation, [27]
It can be expected to gain ground in other advanced testing technologies.

- Should however a more comprehensive plot of coherent data be envisaged for lower
speed testing facilities, facsimile recording offers outspoken advantages. [37j
Particularly quantized facsimile recording. [38] It seems appropriate to underline
the outstanding quality attainable herewith. It offers superior lateral resolution
and in its virtual three dimensional presentation of X-Y location and amplitude a
most comprehensive and informative pattern is obtained. In as far as signal to noise
ratio is concerned it moreover shows characteristics similar to those obtained in
averaging techniques.

VI. EVALUATION

The progress made in the interpretation and evaluation of data obtained with
ultrasonic tests is still rather limited. To display flaws, which exceed a predeter-
mined level of reflectivety is not new. Actually this has been the basis of ultra-
sonic pulse-echo-techniques from the beginning. At most one can claim that with present
existing multiple probe systems and advanced recording equipment, a more accurate and
comprehensive presentation of results can be made.
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Considering the inherent limitations of this approach, these achievements are
of second order. Actually on the location of randomly distributed targets, determina-
tion of their orientation state and size many laboratories concentrate their efforts
and one looks with interest t^ ti.-~ advancements in the field of acoustic holography,
signal analyzing systems or other improvements in probe design and scanning systems
to obtain a more realistic basis for the quantification of results.

VII. TRENDS AND FURTHER OBSERVATIONS

It is to be expected that the application of mechanised ultrasonic examination
will rapidly increase. Several incentives have already been indicated in the preceding
paragraphs. Another need arises where structural parts of complex geometry should be
examined. As service stresses not seldom concentrate in such areas of complex geometry
and also fabrication problems tend to converge at these locations, there is an obvious
demand for mechanised ultrasonic inspection techniques. The complexity of scanning
pattern involved introduces the need for numerical controlled scanning mechanisms and
even computer controlled multiple scanning systems may be required. [39] With it the
application of electronic data processing will aggregate.[40] It can also be foreseen
that the principle of periodic inspection of installations whereby the results obtained
can be compared with a "zero-service document" will gradually spread out in several
fields of engineering and increase the importance of mechanised ultrasonic testing.

To promote the development of practical systems it is important that experts
from various disciplines closely cooperate. This not only refers to scientists and
engineers directly involved in the acoustical part, the electronics or scanning and
steering mechanisms of an installation to be built. They all should in the approach
to their part in the design be aware of the mutual influences of components used and
benefit from good coordination. It also includes cooperation with the designer of the
installation to be examined, so that wherever possible the structure can be adapted
to the possibilities of examination. This is a facet recognised and practised already
in some industries but should become normal practice. [4l]

The same applies to the metallurgical aspects. For instance in the testing of
stainless steels, the metallurgist may consider how hampering effects of austenitic
structures can be reduced.

Also fracture mechanic experts should be involved in an early stage of
development and have their share in a realistic establishment of test specifications.
All efforts may then finally debouch into the construction of efficient and practical
installations for mechanised ultrasonic testing.

ÍS
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Fig. l a .
Influence of crackappearance on U.S.
response with 1 - 2 - 3 and 4 MHz.Average
values obtained in practical experiment
on 64 large shaft fractures. R.T.D.

Fig. lb.

Equivalent reflector size of sameoflaws
bv U.S. exam, with 2 and 4 MHz 70 probes
by Frielinghaus. fl.3] f '

Fig. 2a.

Schematic drawing of multi-element
intracardiac scanner [l7]
Presently developed probe contains
32 elements. Beam spins with 150
r.p.s.

Fig. 2b.

Principle of beam rotation. Two consecutive
scanning positions according to Bom, Lancee
and Van Egmond. [l7]
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Pig. 3. Ultrasound axion described by Burck-
hardt, Hoffmann and Grandchamp. [21]
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Fig. 4b.

Transmitting and receiving segments for
consecutive pulses. Black; transmitting.
White; receiving.

Fig. 4a.

Perspective view of annular
transducer.

-is-

»trip cladding 6 rem thtckrwu

PULS. ECHO
TECHNIQUE

ZONE

IX
vin
vu

UI-V
'I-VIII
IX'X

PROSE
TRANSMS REMARKS

iS'thtar
¿S'thtor
45theor
4S[«htor

*5*»htor

r COfflprtwincryti
0 compr
Iiset aollow tcho

Tig. 4c.

Transmitted amplitude a (<(>) for the
first pulse as a function of angle 0
on the annular transducer. [22]
Burckhardt, iloffmann and Grandchamp.
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Fig. 5,

Different zones and different scanning
modes to be distinguished in examination of
thickwalled vessel. [27] TET-system KWU.

Fig. 6

Calibration block used for equipment setting
in mechanised Preservice and Inservice Insp.
of Nuclear Reactor Pressure vessels. [28]


