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ABSTRACT

Strength of pipelines and components of technical systems is the basic property determining their resource,
reliability and safety.

Connection of durability with nuclear and radiating safety is shown by consideration of the Concept of
deeply echelon protection put in a basis of maintenance of NPP nuclear and radiating safety.

Loss of durability (full or partial destruction) 1-st and 2-nd barriers of safety under action of thermal
stresses, internal and external pressure results in pollution of the heat-carrier, the equipment and pipelines of 1
contour.

The third barrier of safety has special value for the NPP nuclear and radiating safety. Destruction of its
elements results in loss of the heat-carrier which is radioactive and results in pollution of places of a leaking. Sudden
breaks with formation of the big leaks interfering heat removal from an active zone of a reactor are especially
dangerous.

Destruction of elements of the third barrier of safety can become the beginning of the Maximal design failure or
outside of the project failure.

The Beginning of the Maximal design failure is break of the main pipeline reactor installations. The
probability of such event according to IAEA estimations is equal 10E-3 on one reactor installation per one year that
corresponds to a all-technical level of strength reliability. The modern NPP have special systems of safety for
protection against the Maximal design failure.

The most dangerous is Maximal outside of the project failures which is beginning from destruction of the
reactor pressure vessel. In this connection for reliability of the reactor pressure vessel the probability 10E-7 on one
reactor per one year is established.

One of the important directions of
strength reliability increase is increase of
accuracy of definition intense — deformed
conditions (IDC).

Since 2007 on russan NPP for the
control of residual stresses began to apply a
acoustic-elasticity method.

In presentation the measurement
technique, results of measurements and
technology of the account of the received
values of residual stresses are described.
Example an estimation of safety and a
residual resource of elements of steam
generators VVER-440 and VVER-1000 is
given.

ACOUSTIC-ELASTICITY METHOD

Purpose acoustic-elasticity method:
measurement one - and two axial mechanical
) E stresses arising in elements of designs at
Figure 1 Device IN-5101A loading (main pipelines, NPP components,
vessels under the pressure, bearing

building designs etc.).

Measurements will carry out by device IN-5101A (figure 1) in which the newest technology of measurement of the
mechanical stresses is realized, based on application of acoustic-elasticity effect.

The principle of action of the device is based on generation of ultrasonic probing pulses and registration of
parameters of the reflected elastic waves raised in a material of controllable object.
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Connection between the measured characteristics of the reflected signals with one and two axial mechanical
stresses arising in constructional materials under influence of external loadings, is established with the help of a
technique of calculations realized as the program module « APMI/] ® - the Control of the intense condition ». The
device gives average on to thickness value of mechanical stresses in a point of measurement.

Scope IN-5101A:
Measurement of the stresses arising at manufacturing, installation and operation of large-sized components and
designs, including:
acoustic tensometry two axial stresses at hydraulic and other tests of the closed capacities;
an operative estimation of change of the intense condition of multisection designs, pipeline systems at
assembly and welding works;
measurement stresses in responsible components and elements of designs, for their duly repair or
replacement;
definition of sizes of dangerous residual stresses in designs in conditions of long high loadings;
revealing of places of possible destruction of the intense elements of designs because of excess by working
stresses of allowable sizes;
measurement of residual technological stresses.

Characteristics of IN-5101A

Range of measurement of mechanical stresses for
constructional steels with value ©02 from 300 up to 600
MlIla

From-0,8 ©02 up to +0,8 ©02

The admitted given error of the device at measurement

. +10
of mechanical stresses, %
1 1 *%*
Thickness of a controllable material **, mm 5_150
The gauge The piezoelectric combined converter 3 componental for

excitation of two shift and longitudinal waves

A feed of the device is carried out from internal storage 55. 70
batteries (5 piece such as AA on 1,2 B), a voltage, V ’ '

Time of continuous work of the device at a feed from 3
storage batteries, hours, not less

Overall dimensions, mm, no more 350x300x100

Weight, kg 6.5

* - application on others designs demands development of techniques of the control.
** _ application on materials of the greater thickness demands experimental check.

The method and the device is certificated according to the legislation of Russia.
Before application on the atomic power station the device has passed check by test machine MTS 810 in institute
TSNITMASH (figure 2).
The basic features and advantages of a acoustic-elasticity method are:
- Simplicity;
- An opportunity of measurement of average on wall thickness stresses;
- An opportunity of measurement of residual stresses without destruction of a material in a place of
measurement.
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Figure 2. Test machine MTS 810
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Figure 3. Calibracion curve: on a vertical axis results of measurement by the acoustic-elastic method, on a horizontal
axis - the stresses given on a sample.

Example application of a acoustic-elasticity method on the NPP: Branch pipe DN1100 of
steam generator of VVER-440, containing diverse welded connection.

The branch pipe consists of two parts: transitive branch pipe DN 1100 is executed from steel 0X18H10T
and branch pipe DN 1100 - steel 22K. Design features of a branch pipe and SG as a whole are shown in figures 4
and 5.
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Figure 4. The bottom part of a steam and generator with two branch pipes DN1100. An example of stresses
calculation.

Figure 5. A design of welded seam in a place of measurement of residual stresses

Conditions of operation of a steam generator in area of a welded seam to the moment of measurements:
time of operation - 37 years; a working environment - water of 2-nd contour, working pressure Pp=52,5 kg / sm2,
temperature on input - 226°C, on output - 270°C.

The example of results of calculation of the stresses for branch pipe DN1100 in a mode of joint action of
temperature and working pressure (heating from 20 up to 270 0C and pressure 4,4 MIla) is submitted by a method
of final elements in figure 4

With the purpose of specification of the stresses of branch pipe DN1100, including a level of residual
stresses, have applied a acoustic-elasticity method.

Places of measurements of stresses are schematically shown in figure 6.

The received characteristics of the stresses of branch pipe DN1100 used for an estimation of a residual
resource and allowable in operation defects at which achievement repair of the revealed defects is necessary.

As an example on figures 7 and 8 results of calculation critical and allowable defects in operation are
given.

Similar works are carried out nn branch pipes DN1200 of a steam generator of reactor installations VVER-
1000.
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Figure 6. The circuit of an arrangement of points of measurement on DN1100 of steam generator
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Figure 7. The critical sizes of cracks in an operating conditions of the second contour
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Figure 8. The allowable defects sizes in an operating conditions of
the second contour

Conclusions.
1. Research of stresses, including residual, in elements of the NPP equipment and pipelines is an actual
problem.
2.

Calibration tests of a acoustic-elasticity method has shown sufficient accuracy of a method.

Measurements of residual stresses in conditions of the NPP VVER-440 and VVER-1000 which have
allowed to reveal residual stresses of essential size are carried out.

Measured on the NPP stresses are used for maintenance of safe operation steam generators of VVER-440
and VVER-1000.

w
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5. For the organization on the NPP the regular checks of stresses and the account it at estimations of
forthcoming resource of operation and safety of operation the special normative document is created.



