
377

1, V. A. Markelov1, V. V. Novikov1, N. S. Saburov1 1, 
V. F. Konkov1, M. M. Peregud1, V. I. Kuznetsov1, B. I. Nesterov1, V. A. Pudov1, 
A. V. Strozhuk2, I. N. Volkova2, E. V. Chertopyatov2

2 SC «SSC RIAR», Dimitrovgrad, Russian Federation 

Abstract

-

This report presents the results of non-de-

-

on diameter measurements and elongation of 
fuel rods in the process of reactor tests. Destruc-
tive post-irradiation examinations according to 

-

studied alloys fuel rod claddings.
The results of post-irradiation examinations 

non-reactor examinations of fuel rod cladding 
samples.

-
tion of properties for fuel claddings under irradia-

-

Keywords:
non-destructive tests, destructive post-irradiation 
examinations.

Introduction

-

-
loys are used in PWR reactors. Other alloys of the 

and tested in research and commercial reactors 
-

ment is to enhance corrosion and creep strain re-
sistance of the zirconium fuel rod claddings.

To evaluate the characteristics of the develop-
-

dustrial and research reactors are used.
This paper presents the results of operational 

characteristics of fuel element claddings made of 

the second unit of Balakovo NPP. In addition, in the 

-

Materials and test conditions

The material for non-destructive and destructive 

-
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-
lected.

-
-

×

maintaining the operating conditions of exploita-

the PWR reactor. After achieving a maximum 

-

PIE results

irradiated
To determine the resistance of experimental fuel 
rods to irradiation shaping, it is necessary to ana-

lyze the results on the elongation of fuel rods and 
the change in their diameter, taking into account 

-
gation of experimental fuel rod claddings made of 

highest resistance to irradiation shaping. The av-
erage elongation of the fuel rod claddings made 

-

Burn-up: (57.3 – 64.2) kgU

a) b)

Table 1. Alloying composition of fuel rod claddings material

Alloy Nb, % Sn, % Fe, % O, %

-

-

- 0.035
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-
tion shaping. 

-

-
ence of corrugations and a section of creep defor-
mation after pellet-cladding interaction. According 
to the location of the spacer grids, the diameter of 

-
cent areas.

The height of the corrugations for fuel rod 
×

m, and the creep strain 
after pellet-cladding interaction is in the range 

cladding is less pronounced. The creep defor-
mation after pellet-cladding interaction is in the 

the corrugation is 6 m.
-

-

-
dinate and reaches its maximum value in the area 

-
tion decreases, and in the area corresponding to 
the plenum location reaches minimum values. 

m, for alloy 
m.

Figure 2. Elongation of experimental and industrial fuel rod claddings

                                                        a)                                                                      b) 

Figure 3. Change of diameter and ovality along the length of fuel rod claddings from E110M (a) and E110 
(b) alloys

from face  5 in comparison with the adjacent standard fuel rod cladding made of E110 alloy. 

 

  
a)                                                                            b) 
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a) outer surface 

 
c) 

 
b) inner surface 

 

 
d) outer surface 

 
f) 

 
e) inner surface

Figure 4. 

microstructure of the 
of the fuel rod cladding 

from E110M alloy (a, b, 

alloy (d, e, f) at a height 
of ~ 3100 mm

Alloy
Transverse direction

Table 2. Cladding mechanical properties in the transverse and longitudinal direction

a)                                                                           b) 
Figure 5. Comparison of the mechanical characteristics of the fuel rod cladding samples from E110M alloy 
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-

-
ness is uneven in height of the fuel rod. At the 

thickness along the fuel rod height and does not 
m. At coordinate 3707 mm, the oxida-

tion of the inner surface of the cladding is not vi-
sually detected. Oxidation of the inner surface of 

In the microstructure of transverse specimens 

-

in a stream of inert carrier gas method using the 

analysis results, the hydrogen content in the fuel 

coordinate, and in the plenum has a maximum 

The main results of the mechanical tensile 
tests of the fuel rod cladding samples made of 

The strength characteristics of the fuel rod 

times higher than the strength characteristics of 

characteristics (total elongation) remain approxi-
-

ture and at elevated test temperatures.
Figure 5 presents a comparison of the me-

chanical characteristics of the fuel rod cladding 

irradiated states.

led to the hardening of the fuel cladding mate-

2. RAMP tests

-
spectively. The maximum relative deformation of 

rods retained tightness.

Figure 6. Change in the maximum linear power in 

(E110opt) (b)

 
a) 

 
b) 
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Conclusion

-
nations results of experimental claddings from 

-

 

mm, have the highest resistance to irra-
diation shaping. The average elongation of 

-
mation after pellet-cladding interaction for 

 -

 an increase in the oxidation degree of the 
investigated fuel rod claddings leads to a 

 the strength characteristics of the fuel rod 
-

characteristics of the fuel rod cladding from 
-

tal elongation) remain approximately at the 

at elevated test temperatures.

-
spectively. The maximum relative deformation of 

rods retained tightness.
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