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ea-wide by means of mechanical stress detection and
the extent is determined in each case. The stress zone
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is then relieved by means of appropriate local acoustic
variations, after which the relieved stress zones are
checked again by means of mechanical stress detection.
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Description
Technical Field

[0001] Theinvention concerns method for highly effec-
tive and targeted residual mechanical stress relief for
both ferroelectric and non-ferroelectric material.

Background

[0002] Intoday’s industry there is a long-standing and
costly problem with harmful residual stress in parts and
structures. These invisible residual stresses can often be
the cause of critical and catastrophic fatigue failure. Cur-
rently available methods for the detection of these resid-
ual stresses can identify stress location and severity in-
formation. Asset owners typically use this information on-
ly for safety assessment and/or repair and maintenance
measures without consideration of preventative actions.
Methods for the removal of residual stresses is also
known, including by the acoustic vibration orimpacttreat-
ment, and these methods are currently applied in a sep-
arate and blind manner with a focus on typical or historical
residual stress locations such as weld joints and known
failure zones. These two known methods, stress detec-
tion and stress relief, are currently used separately. To-
day, there is no preventative solution that uses measur-
able methods to combine residual stress detection and
removal to preventfatigue failure caused by the presence
of the undesirable residual mechanical stress.

[0003] Material fatigue problems are typically caused
by dynamic and thermal stress developed during appli-
cation and/or the manufacturing processes and are often
the cause of cracking and corrosion. Furthermore, there
is a general trend in many industries to reduce the weight
of components to save costs or to increase a components
load capacity (e.g. weight, pressure, temperature) to al-
low for higher performance. These new requirements
may increase the occurrence of fatigue failure due to ad-
ditional stress conditions. Therefore, there is a need for
a complete and effective method that offers a preventa-
tive solution for stress related failures through the com-
bination of stress detection and stress removal tech-
niques.

[0004] The main industrial sectors where catastrophic
failures occur are energy, oil and gas, offshore, aero-
space, rail and civil structures. When failures occur it can
often lead to loss of life, long downtime resulting in lost
production time, and extreme unexpected costs. In the
aerospace industry, part distortion and potential failure
due to resulting residual stresses will lead to repeated
hazardous situations, rework and possibly scrap worth
several million Euros during the development and man-
ufacturing lifecycle phases. In a high speed trains, many
fatal events were attributed to the presence of residual
stresses in wheel and axle parts. Oil and gas pipelines
and structures are susceptible to failure due to residual
stresses developed through cyclical loading or during in-
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itial forming and welding operations. Welded joints on
offshore rigs are also exposed to constant loads due to
rough sea conditions. The same applies to ships such
as floating production storage and offloading vessels that
are additionally exposed to the demands of cyclic load-
ing, especially in fatigue-prone areas. When welds reach
the end of their known life, customers are challenged to
repair and maintain failing joints. Normal repairs to these
high-load connections are often temporary and not suf-
ficient for long-term operation. The cost of failure in this
industry can be massive in terms of loss of life and loss
of production that can often be in the tens of millions of
Euros per day. Therefore, it is an object of the present
invention to propose a preventative solution that uses
measurable methods for residual stress detection and
removal to preventfatigue failure caused by the presence
of the undesirable residual mechanical stress.

Description of the invention

[0005] The object is solved according to claim 1. Ad-
vantageous embodiments are claimed in the sub claims.
[0006] Accordingly, the invention proposes a novel so-
lution for preventing fatigue failure. The solution is based
on detecting in a first step the location and extent of re-
sidual stresses and then, in a second step, focusing the
process of removing mechanical stresses (e.g. acoustic
vibration or impact treatment techniques) on these pre-
defined regions, in a very efficient and effective manner.
After residual stress removal treatment in the second
step, the processed object can again be checked accord-
ing to a preferred embodiment in a third step by the re-
sidual stress detection method for any remaining residual
stress as a confirmation of the stress removal process.
The process method allows for repeated cycles of stress
detection, stress removal, and, preferred, stress removal
detection to achieve a desired stress removal level for
any given object. Stress data at all stages can then be
stored in the Asset Health Management software, ena-
bling a highly efficient and effective method of predicting
and preventing future fatigue failure. The process of re-
sidual stress relief can be carried by out any known tech-
nique, as well as the residual stress removal, which is
selectively and effectively performed also by any known
technique known by a person skilled in the art. The re-
sidual stress relief is carried out selectively only after
identifying a mechanical stress zone and quantifying the
magnitude of the stresses by a common detection tech-
nology and the results of the stress relief process are
verified by the stress detection technology.

[0007] The invention is applicable to any material. It is
directed to ferroelectric and non-ferroelectric material,
conceivably this would also include polymers that are
non-ferroelectric unless they are purposely dosed to
make conductive then maybe they would be ferrous. The
present invention serves as a method for predicting and
preventing component parts and assembly degradation
due to corrosion resulting from residual stress or fatigue
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failure resulting in cracks in both ferrous and non-ferrous
materials. The invention serves as a unique method for
preventing material defects and extending life.

[0008] According to preferred embodiment of the in-
vention the workpiece is firstly scanned by a movable
mechanical stress measuring device, preferably in a
complete gapless process fully scanning the workpiece
for the detection of mechanical stress zones.

[0009] Advantageously the result of the residual me-
chanical stress measurement s available by meter read-
ing or by data for processing on a two-dimensional plane
or three-dimensional plan by software. The size of the
stress zone and the strength of the mechanical stress
are available and can be displayed and/or recorded.
[0010] Preferably, according to another embodiment
of the invention, the results of the first measurement of
the workpiece residual mechanical stresses are recorded
and may be stored for risk assessment and for use by
an integrity management system.

[0011] The results of the measurement of residual me-
chanical stress are utilized according to a further embod-
iment of the invention for the exact planning and execu-
tion of subsequent residual mechanical stress relief. The
stress measurement results determine the location of re-
sidual stress that must be reduced and the degree of
mechanical residual stress relief that must be performed
to achieve targeted and highly efficient results.

[0012] According to an embodiment of the invention,
the measurement of residual mechanical stress is made
by a Metal Magnetic Memory method or by other mag-
netic field techniques providing. The methods shall pro-
vide comparable results to reduce the time required for
the stress relief process and through targeted treatment
minimizes the risks to the workpiece and offers both eco-
nomic and time saving benefits.

[0013] Advantageously, in a third step according to an-
other embodiment of the invention the result of the resid-
ual stress relief process can be measured again by the
method of detecting the stress in the identified processing
zone to confirm the level of mechanical stress that has
beenremoved and the resulting level of stress remaining.
[0014] The mechanical residual stress measurement
information obtained from a treatment zone after the me-
chanical stress relieftreatmentis in a further embodiment
available to be stored and utilized together with data col-
lected from the same treatment zone in previous stress
measurements. The data may be used for further risk
assessment or predictive analysis and managed by an
Integrity Management system.

[0015] Preferably, the whole process with respect to
the treatment of the mechanical stress is performed step
by step and exactly in accordance with the definition of
the integrity management.

[0016] According to another embodiment of the inven-
tion, the process and information obtained from residual
mechanical stress detection and the mechanical residual
stress relief are used to provide raw data and insight to
asset health, risks of failure, maintenance objectives, and
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to predict future trends or hazards related to an asset.
This can be performed with anintegrity management sys-
tem. where data can be stored and used to schedule
inspections, make stress relief efforts, and other life-ex-
tending measures.

[0017] There are three procedures that make up the
complete method. First is a residual stress detection
process, preferably the Metal Magnetic Memory method,
is performed on the metal object or structure under eval-
uation. This procedure can detect both the location and
the amount of residual mechanical stress present in the
metal. Using this information, the second procedure of
residual stress removalis applied in a targeted and highly
effective manner. Now the third procedure is applied to
again detect, preferably through the Metal Magnetic
Memory method, any remaining residual stresses within
the object or structure and this serves as a confirmation
of successful stress removal processing or a need for
repeated stress removal processing and retesting for re-
maining residual stresses to complete procedure. It is
possible to apply this method to both dry environment
objects and underwater objects.

[0018] There are several important benefits when ap-
plying this unique method when compared to conven-
tional Non-Destructive Testing methods and standard re-
sidual stress removal methods. Through the combination
of the two methods, stress detection and stress removal,
a unique maintenance and life extension solution is of-
fered to the owners of metal structures and assets. It is
now possible to integrate the raw data and information
produced by this method into most of today’s standard
Asset Integrity Management software systems. This en-
ables not only a much more effective prediction of loca-
tion of future failure due to harmful residual stresses but
also a preventative method enabling removal of the ini-
tiating residual stresses. The overall benefit to the asset
owner is a highly reduced failure rate, often hazardous
to life, and can greatly extended asset lifetime. The use
of this invention serves to provide increased plant safety
and often tremendous cost savings.

[0019] The invention concerns a method for residual
stress relief, in which stress zones are detected area-
wide by means of mechanical stress detection and the
extent is determined in each case. The stress zone is
then relieved by means of appropriate local acoustic var-
iations, after which the relieved stress zones are checked
again by means of mechanical stress detection.

[0020] The features and feature combinations de-
scribed above and below in connection with the drawings
as well as the features and their combinations shown in
the figures are also useable alone or in other combina-
tions. For carrying out the invention, not all features of
independent claims must be realized. Also, any single
feature of any independent or parallel claim may be re-
placed by another disclosed feature or feature combina-
tion. All features and/or advantages derivable from the
claims, the description or the drawings, including struc-
tural details, spatial layout and process steps may be,
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per se or in any combination, essential to the invention.
Brief Description of the Drawings

[0021] The figures show:

Figure 1  aperspective view of a workpiece, and a de-
vice for measuring the mechanical stress
moving across the workpiece, together with
ex-amples for the extent of mechanical
stress in Figure 1A and a depic-tion of the
stress zone before respective treatment in
Figure 1B;

Figure 2  a second perspective view of the workpiece
of Figure 1 now with an acoustic vibration
source in Figure 2A together with a diagram
in Figure 2B showing the extend of stress
over the time for stress re-lief;

Figure 3  a third perspective view of the workpiece of
Figure 1 now again with the device for meas-
uring the mechanical stress together with ex-
am-ples for the extent of mechanical stress
in Figure 3A and a depiction of the stress
zone after the treatment in Figure 3B; and

Figure 4  a diagram showing integrity management.

Detailed Description of the Drawings

[0022] Figure 1A shows aworkpiece 3 of a ferroelectric
and non-ferroelectric material and a device 1 for meas-
uring the extent of the mechanical stress by moving
across the workpiece 3. Along the path of the device 1
across the workpiece 3 the figure shows exemplary
graphs 4 of the mechanical stress extent 6. In Figure 1B
additionally the stress zones 5 on the workpiece 3 are
depicted before any further treatment of the workpiece 3.
[0023] In Figure 2A the workpiece 3 is treated with an
acoustic vibration source 2 atthe stress zones 5 depicted
in Figure 1. The graph in Figure 2B shows the extent of
stress over the time for stress relief.

[0024] After the treatment with the acoustic vibration
source 2 the device 1 is moved again across the work-
piece 3 with the new graphs 4 of the mechanical stress
extent 6 in Figure 3A and a depiction of the stress zones
5’ after the treatment in Figure 3B.

[0025] Figure 4 shows a diagram of an integrity man-
agement method and system IM comprising several dif-
ferent steps. The plan step P includes asset manage-
ment, strategy policies, objectives and plans. The inspec-
tion step | includes residual stress screening, identifica-
tion, measuring and defect localization and visualization,
data recording (before) and storage. The action step A
includes residual stress relief by using penning technol-
ogy, managementreview. Thefinal check F stepincludes
re-screening and assessment result, checking of pen-
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ning action, data recording and storage for the integrity,
management purpose improvement .The data received
from the measurement are used to optimize the manage-
ment.

Claims

1. A method for highly effective and targeted residual
mechanical stress relief for both ferroelectric and
non-ferroelectric material (3) characterized by the
combination of a mechanical stress detection tech-
nique and a residual stress removal technique, in-
cluding in a first step the localization of the mechan-
ical stress (5) and the determination of the extent of
the mechanical residual stress (4), and in a second
step selectively carrying out the residual stress relief.

2. The method according to claim 1, characterized in
that the result of the residual stress relief is meas-
ured again by the mechanical stress detection tech-
nique.

3. The method according to claim 1 or claim 2, char-
acterized in that the workpiece (3) is firstly scanned
by a movable mechanical stress measuring device
(1), preferably in a complete gapless process fully
scanning the workpiece for the detection of mechan-
ical stress zones.

4. The method according to any one of the preceding
claims, characterized in that the result of the resid-
ual mechanical stress measurement is available by
meter reading or by data for processing on a two-
dimensional plane or three-dimensional plan, where-
in the size of the stress zone (5) and the strength of
the mechanical stress (4) are available for displaying
and/or recording.

5. The method according to any one of the preceding
claims, characterized in that the results of the first
measurement of the workpiece (3) residual mechan-
ical stresses are recorded and may be stored for risk
assessment and for use by an integrity management
system (IM) .

6. The method according to any one of the preceding
claims, characterized in that the results of the
measurement of residual mechanical stress are uti-
lized for the exact planning and execution of subse-
quent residual mechanical stress relief, whereby the
stress measurement results determine the location
of residual stress that must be reduced and the de-
gree of mechanical residual stress relief that must
be performed to achieve targeted and highly efficient
results.

7. The method according to any one of the preceding
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claims, characterized in that the measurement of
residual mechanical stress is made by a Metal Mag-
netic Memory method or by other magnetic field tech-
niques.

The method according to any one of the preceding
claims, characterized in that the result of the resid-
ual stress relief process is measured again by the
method of detecting the stress in the identified
processing zone to confirm the level of mechanical
stress that has been removed and the resulting level
of stress remaining.

The method according to any one of the preceding
claims, characterized in that the mechanical resid-
ual stress measurement information obtained from
a treatment zone after the mechanical stress relief
treatment is available to be stored and utilized to-
gether with data collected from the same treatment
zone in previous stress measurements and may be
used for further risk assessment or predictive anal-
ysis and managed by an Integrity Management (IM)
system.

The method according to any one of the preceding
claims, characterized in that the whole process with
respect to the treatment of the mechanical stress is
performed step by step and exactly in accordance
with the definition of the integrity management (IM).

The method according to any one of the preceding
claims, characterized in that the process and infor-
mation obtained from residual mechanical stress de-
tection and the mechanical residual stress are used
to provide raw data and insight to asset health, risks
of failure, maintenance objectives, and to predict fu-
ture trends or hazards related to an asset.
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