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IMPROVING THE OPERATION SAFETY OF PGV STEAM GENERATORS

Author: |. Yarova, Doctor of Engineering Sciences, Associate Professor
Odessa National Polytechnic University

All the Ukrainian nuclear power plants are equipped with VVER nuclear reactor
systems. PGV steam generator is one of the principal structural elements of VVER nuclear
reactor system. Steam generator is designed to effective heat removing from reactor’s
core at all operating modes. The key point of safe operation of PGV steam generators is
the maintenance of adequate joint density between circuits, because the steam generator
is a barrier between radioactive primary coolant and non-radioactive secondary coolant.
Among the main causes of joint density loss and primary coolant leakage are the damages
of elements of flange joints of steam generator collectors. The analysis of such damages
indicates that this is caused by corrosive fatigue, proceeding at high level of working
tension:

- damaged flanges of collector and damaged mounting studs are placed on the “hot”
collectors, mainly on their inner side;

- crack initiation in flanges of collector starts on the surface of stud housings, mainly
on the dimples;

- cracks in flanges of collector have developed in the direction of the secondary
circuit;

- cracks in mounting studs have appeared both on the threaded and on the smooth
surfaces;

- in addition to big wide-opened cracks it is found a big number of hairline branched
cracks.

The origin of damages of collector flange joints is the high tension arising in
elements during the assembly and during the operation. The existence of corrosion-active
steam-water media combined with high cyclic loading accelerates the process of metal
cracking. Structural deficiencies of the equipment contribute to damages.

To enhance the operational safety of PGV steam generator through prevention
primary coolant leakage, the following measures are proposed:

- improvements in the design of flange joints of steam generator collector in order to
achieve even distribution of installation, balancing and operational tensions;

- improvements in the methodology for the mounting studs tightening, excluding the
possibility to exceed rated tension.

The collector cover is the least loaded element of the joint due to its thickness and,
as a result, its high bending stiffness. The necessity of plastic strain of sealing elements
with a stiff cover results in flanges and mounting studs overload. The collector cover and
the collector flange are made of stainless heat-resisting steel 08X18H10T. Mounting studs
are made of high-alloy stainless steel XH35BT-B[].
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According to estimates, the tension in tightened studs is near to the tensile strength
of stud material. Mounting studs extended at 0,4 — 0,6 mm can be damaged or even
destructed at the equipment start-up or at the hydraulic pressure test. That leads to joint
density loss and joint disclosure.

One way to ensure reliability and operation safety of collector flange joint is
reduction and redistribution of tension in its structural components. This can be achieved
by reduction of thickness of the collector cover. The design thickness of collector cover
can be obtained by solution of contact problem for collector flange joint. According to that
problem, collector cover is considered as loaded round plate on nonlinear elastic basis.
Contact problem for collector flange joint takes into account the discrete application of
torque on the studs that causes cyclical in the circular direction deformation of flange and
cover.

The components of joint loading are described using the Dirac delta function:

) ol 5 :
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where p — the pressure inside the steam generator that is evenly distributed
throughout the plane, N/m? R; — the reactions of sealing elements that are distributed
along the circles, N/m; F — the tightening forces of screw joint that are applied pointwise,
N.

The equation of round plate non-dimensional deflection for collector flange joint with

dual-circuit sealing:
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Precise solution of contact problem for collector flange joint makes it possible to
reduce the thickness of collector cover. That, in turn, enables to balance the distribution of
workloads in joint, to reduce the tension in tightened studs and, as a consequence, to
increase the density and operation safety of collector flange joint.
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