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INTRODUCTION 

The results of stress-strain state in the fuel rod spring fixing lock coils modeling are 
presented in this paper.  

The solution of this problem was realized in finite-element software MSC.MARC and 
ANSIS. 

The solution was obtained in the three-dimensional setting,   taking into account  multi-
contact interaction and all physical and geometric nonlinearities. 

The finite-element models were verified on analytical parities and experimental data. 
Results of verification have proved a correctness of the accepted finite-element models. 
 

1 Fuel rod fixing lock of Russian commercial reactors 
 

Fixing lock(FL) is a subunit of fuel rod and purposed to assure fuel column integrity during  
transportation-processing operations (TPO). 

Fixing lock of Russian commercial reactors is designed as a cylindrical spiral spring located 
in gas plenum of fuel rod. 

FL consists of two groups of coils with different outside diameters.  
FL construction is presented in Figure 1. 
The group of coils with greater outside diameter (the fixing group) is designed to fasten FL 

on the inner surface of fuel cladding on the side of upper end plug.  
The part of spring with smaller outside diameter (the compensating group) being 

compressed develops a certain holddown force to the upper end of fuel pellet stack to restrict pellet 
stack motion during TPO.  

 

 
Figure 1 – FL construction 
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2 The FL compensating group work modeling 

2.1 Model description 
In the given problem it was required to define change of the stress-strain state of LF 

compensating group during TPO and under its operation conditions. The solution was obtained in 
the 3D setting with elastic-viscous-plastic behavior model of LF material.  

To solve this problem the ANSYS software product was used (the license agreement number 
100656). 

The finite-element model and the calculation scheme are presented in Figure 2. Modeling was 
carried out using three-dimensional solid elements. Since all lock coils are equal, to reduce the time 
of calculation, there was considered only two and a half a coil. 

Boundary conditions were set as follows:  
• at the lower end of lock all displacement degrees of freedom (DOF)  were constrained  (UX 
= 0, UY = 0, UZ = 0)  
• At the upper end of lock displacement DOFs in the horizontal plane were constrained(UX = 
0, UY = 0). Axial displacement UZ was set in accordance with the current displacement value 
of lock coils.  
 

 
Figure 2  − Finite-element calculation scheme 

 

2.2 Model verification 

2.2.1 Relaxation of stresses in the helical spring due to creep 
The aim of this calculations cluster is verification of the viscous-elastic model, by solving a 

standard problem of creep and compares it with the analytical solution. 
The problem of stress relaxation in a cylindrical helical spring was considered. 
Analytic solution of the problem to a power law of velocity of creep strain is given in / 4 /. 
Comparison of numerical solutions with analytical are represented in Figure 3 and Table 1. 
Figure 4 shows the distribution of tangential stresses in the lock coils at times t = 0,1000, 

2000 h. 
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Table 1− Calculation result 
Parameter Analytical solution Numerical solution Error rate, % 

Time t=0 h 
Spring force, N 54,4 54,2 0,37 
The maximum tangential 
stress, MPa 

548 539 1,64 

Time t=1000 h 
Spring force, N 9,72 9,90 1,85 
The maximum tangential 
stress, MPa 

73,6 75,4 2,45 

Time t=2000 h 
Spring force, N 8,18 8,24 0,73 
The maximum tangential 
stress, MPa 

61,9 62,6 1,13 

 
Table 1 show that the results of the ANSYS code calculation satisfactorily coincide with the 

results of analytical solutions (the error rate not exceeding 2.5%). 
Thus, the accepted design scheme adequately describes the behavior of helical springs, with 

taking into account the creep of the material. 
 

 
Figure 3  − Comparison of calculation results by code ANSYS with the analytical solution 

 

 
 
 
 
 
 

а) t=0 h 
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b) t=1000 h 

 

 
 
 
 
 
 
 
 

c) t=2000 h 

Figure 4  − Distribution of tangential stresses in the spring coils at times t = 0 h (a), t = 1000 h 
(b), t = 2000 h (c). 

 
 

2.2.2 ANSYS code verification on the results of spring lock compression tests  
The aim of this calculations cluster was the verification of the elastic-plastic model part, by 

comparing the solutions obtained by the ANSYS code with the experimental results of tests on 
cylindrical helical spring compression. Tests were conducted under normal conditions. The purpose 
of the tests was to identify the mechanical characteristics of spring, taking into account the plastic 
properties of the material (material - steel 12Kh18N10T). 

Figure 5 shows load-deflection diagram obtained by calculation in one cycle load-unloading. 
At the same Figure 5 shows the experimental data load-deflection measuring and the upper end 
deflection after the lifting of loads. 

Accuracy of force and deflection calculation does not exceed 3%, which shows the 
satisfactory coincidence of calculated and experimental results. 

Thus, the results of the verification of calculations presented in paragraphs 2.2.1 and 2.2.2 
confirm the correctness of the model, taking into account the elastic, plastic and viscous behavior of 
the material. 
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Figure 5 – Verification results of the ANSYS code on the results of tests of  spring lock 

compression tests 
 

2.3 WWER-1000 FL compensating group stress-strain state calculation 

2.3.1 Problem statement 
The purpose of these calculations is to verify the requirement of no fixing lock failure should 

be at reactor operation. 
To ensure this requirement following strength criterion has been introduced: 
– The maximum tensile stress in FL after its installation and at operation should be less than 

ultimate strength of FL material. 
In doing so, the history of loading FL divided into three phases: 
1. Installation FL in fuel rod stage; 
2. First reactor rising to power stage; 
3. Further exposure until the end of exploitation stage. 
The deflection changes in the second and third stages were defined by results of the code 

START-3 / 2 / calculation, as the difference between changes in the length of the fuel stack and the 
fuel rod cladding.  

2.3.2 Calculations results  
Results of computation are given in Figures 10-13 and in Table 2. 
History of FL compensating part compression beginning from FL installation into fuel rod 

and up to the end of its operation in reactor fuel core is shown in Figure 10 (b). Holddown force 
change corresponding to the loading history assigned and determining stress-strain state of FL 
compensating part is sown in Figure 10 (a).  

Distributions of the maximum stresses (1) after FL installation into fuel rod, (2) after first 
reactor rising to power, and (3) in the end of fuel lifetime are given in Figures 10-13, 
correspondingly. 
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Figure 6 – Diagram of changes for holddown force (a) and for FL compensating part 

compression (b) at FL installation into fuel rod (stage 1) and under operation (stages 2 and 3) 
 
 

 

 

 

Figure 7 – Distribution of stress in coils of the compensating part after FL installation into 
fuel rod (dimension of stress – MPa) 
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Figure 8 – Distribution of stresses in coils of the compensating part after the first reactor rise 

to power (dimension of stress – MPa) 

 
Figure 9 – Distribution of stresses in coils of the compensating part in the end of fuel lifetime 

(dimension of stress – MPa) 
 
Stresses in coils of the compensating group after FL installation in fuel rod are in the 

elastic area: the maximum stress is 334 MPa, and this value is less than yield strength of 1975 
MPa (see Figure 7 and Table 2). 

The maximum stresses in coils of the compensating part of FL occur after the first reactor 
rise to power (the point corresponds to the maximum holddown force): the end of stage 2 in 
Figure 6. Stress distribution in coils of the compensating part after the first reactor rising to 
power is given in Figure 8. The maximum stress in the end of the second stage of loading is 789 
MPa. 

In the end of operation, due to radiation creep of FL material, the stresses decreased to 292 
MPa (see Figure 9). 
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Table 2 – Results of stress computations 

Time point name  Design stresses, 
MPa 

Stress limits, 
MPa 

After FL installation into fuel 
rod 334 1849 

After the first reactor rise to 
power 789 1373 

 
 
 
 
3 The FL installation in fuel rod cladding process modeling 

3.1 Problem statement 
Experience in modeling technologic process of FL installation process and the subsequent 

catch of his behavior during the operation shows that modeling near to technologic process is 
possible. 

To solve this problem MSC.MARS 2007R1 (license agreement № EC 9068) software was 
used. 

By this time there is a following technique of installation of a FL in a cladding /4/: 
– Option DYNAMIC TRAMSIENT with 3D-solid elements of type 7 is used. There are also 

options with taking into account physical and geometric nonlinearities FL and cladding are used. 
– For contact interaction option CONTACT is used 
– Results of the previous step transfer to the subsequent with application of option PREVIOS 

ANALYSIS STATE. 
– Virtual images of a FL and a cladding constructing with application of special program 

PYTHON v 2.5, built in in Mentat Marc. 
Modeling process divides on several steps consistently following one of another for a virtual 

image presented on Figure 6. 
Step 1. Extension of the FL fixing group to reduce its diameter by the amount of tightness 

sizes a fixing group-cladding. 
Step 2. Stretched FL installation in cladding by setting, depending on tightness size, frictional 

coefficient and  FL length, initial velocity to the cladding. 
Step 3. Freeing the top and bottom ends of a FL with its subsequent self-installation under 

forces of elasticity before achievement of certain balance with forces of a friction. 
Step 4. Loading FL compensating group coils with axial deflection, corresponding to the 

actual installation deflection value for check of fixating group reliability ((absence of shift of all or 
a part of coils of a fixing group). 
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a) Initial state b) Step 1 

 
 

c) Step 2 г) Step 3 
Figure 10 – Initial virtual image and stages of modelling of installation FL in fuel rod 

cladding 
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3.2 Calculation and comparison of results 
To verify the accepted technique there was modeling FL of experimental RBMK fuel rod, on 

which X-ray researches were obtained, with MSC.MARC software.  
Figure 7 on a scale of 1:1 presents comparing the installation sizes FL fixating group 

obtained by calculation and during X-ray researches correspondently. Measurement of the fixating 
group installation step shows that the step was increased to 11 mm. 

Figure shows good coincidence of installation step size with results of modeling. 
Figure 8 shows hoop stress values in the cladding after FL installing. Hoop stress values 

dose not exceed 110 MPa.  
Tangential stresses distribution in the FL coils after it installation is shown on Figure 9. The 

maximum value of tangential stress is 1066 MPa, which is below the allowable value. 
We see that fixing the part does not change its position, which demonstrates its functional 

performance. 
Thus, a comparison of test results and the simulation results suggest that the proposed 

technique with a simplified technology process scheme may be offered to assess the stress-strain 
state of the cladding and the fixating group of FL under it installation. 

Further development of the model requires a complex calculation and experimental work to 
validate the calculation of FL installation controlled parameters (installation force, the cladding 
geometry, fixating group coils step). 

 
 

Figure 11 – Comparison of a virtual model of the established FL with his actual mounting 
dimensions obtained by X-ray researches in the same scale 
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Figure 12 – The distribution of hoop stresses in 
the fuel rod cladding after FL installation 

Figure 13 – The distribution of tangential 
stresses in FL coils, after it installation 

 

 

Summary 
1. Techniques of both FL, fuel rod cladding stress-strain state and fuel stack fixing force 

calculations in MSC MARC and ANSYS software are developed 
2. Techniques had been verified by comparison with analytical solution and experimental data 
3. It is shown that the given techniques can be used for proving FL design. 
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