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ABSTRACT 

 
The present work aims to evaluate structurally the new welding process used to join the grids to the guide 

thimbles properly in 16 x 16 fuel assemblies. This new process is an increase of the number of welding points, 4 

to 8, between grids and guide thimbles, giving more stiffness to the whole structure. A finite element model of 

the fuel assembly design was generated in the program ANSYS 12.1. To build this model were used elements 

BEAM-4 and several spring type elements. The analysis covered specific loads and displacements, simulating 

the boundaries conditions found during small deflection acting on the entire structure. The method used to 

development this analysis was the simulation of a finite element model performing a fuel assembly with four 

weld points on each grid cell containing the guide thimbles, and then the results of it was compare with another 

model, with eight weld points on each grid cell containing the guide thimbles. The behavior of the structure 

under the acting displacement and the related results of the analysis, mainly the stiffness, were satisfied. The 

results of this analysis were used to prove that the new grid to guide thimble welding process improve the 

dimensional stability when submitted to loads and displacements required on the fuel assembly design. The 

performed analysis provided INB to get more information of extreme importance, for the continuity of the 

development of new process of manufacturing and to improve the design of the current fuel assemblies used in 

reactors.  

 

 

1. INTRODUCTION 

 

A nuclear fuel assembly for a pressurized water reactor (PWR) is a mechanical structure that 

has multiple components. Every fuel assembly should be designed so that the lateral stiffness 

is adequate for virtual accidents, such as a seismic shutdown earthquake or a loss of coolant 

accident [1].  

 

These components are subjected to two kinds of loads, static and dynamic, during its 

operation, because of that, safety of a nuclear reactor is the most important issue in the 

nuclear energy generation. Therefore it’s essential to ensure, by design, the integrity of the 

nuclear core components, including the fuel assembly, over the entire life of the reactor [2].  

 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

The Finite Element Method applied to the analysis of nuclear fuel components became a very 

important tool to the development and improvement of fuel elements designs. 

 

The improvement of nuclear fuel assemblies and its components should be made to present 

all technical considerations regarding any eventual impact on the mechanical design and 

performance of the product. The correct performance of fuel assemblies depends on a good 

mechanical and structural design, taking into consideration the core design and thermo-

hydraulic limiting conditions.  

 
Therewith, the choice of materials to be used, the geometrical characteristics defined and the 

correct assembly must be of the utmost importance when a finite element model will be 

constructed. 

 

It is quite known that, when the degrees of freedom number of a structure decreases, stiffer it 

becomes. So, to improve the stiffness of the fuel assembly it was proposed to raise the 

number of the welds that connects the grids to the guide thimbles. 

 

The objective of this paper is to evaluate, by the finite element analysis, if the new process of 

welding will add more stiffness feature to the whole fuel assembly. 

 

2. WELDED CONNECTION BETWEEN GRIDS AND GUIDE THIMBLES 

 

The welding process described in the present work is the welding between guide thimbles and 

the spacer grid. This weld is responsible to connect these two components; together they form 

the skeleton of the fuel assembly. The welding process responsible for this specific joining is 

called spot weld.  

 

For the current fuel assembly, there are four spot welds on each guide thimble/grid 

connection, but this process will change. The number of spot weld on each connection guide 

thimble/grid will increase to eight spot welds. Figure 1 shows this modification. 

 

 
 

  
Figure 1 – The left figure shows the spot weld locations proposed; and the right figure 

shows the current location of the spot weld (only one at each side)  
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This increasing on the number of spot welds is expected to provide more stiffness to the fuel 

assembly structure. To evaluate this change some analysis were performed, rather a finite 

element model was built to measure this increasing. 

 

3. FINITE ELEMENTS MODEL 

 

A four beams model was assembled using ANSYS 12.1, where this model was solved and 

post processed also. 

 

On this model the fuel assembly is represented by four vertical beams, two to simulate the 

guide thimbles and the others two to simulate the fuel rods, besides that there are others 

twelve horizontal beams to simulate the spacer grids, top nozzle and bottom nozzle. The 

proposed model is shown on Figure 2. 
 

 

 

 
 

 

Figure 2 – Fuel assembly finite element model representation 
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3.1 Element Types 

 

The finite element model was built using beam elements (BEAM3), spring/contact elements 

(CONTACT12) and miscellaneous elements (COMBIN40 AND COMBIN14). Elements 

BEAM3 were used to simulate the fuel rods, guide thimbles, spacer grids, nozzles and the 

holddown spring. The CONTACT12 elements were used to simulate grid springs on normal 

direction. The COMBIN40 elements were used to simulate the slidding between the grid 

springs and the fuel rods, while the COMBIN14 were used to simulate the rotational 

stiffness of the spot welds between grids and guide thimbles. These elements are joined by 

nodes, they were inserted according to their position on each component. 

 

As the guide thimbles and the fuel rods are represented by two beams, each one, this 

resulted in a calculation of the momentum of inertia according to the position of all fuel rods 

and guide thimbles on each beam present in the model. 
 

3.2 Materials Properties 
 

The materials present in the fuel assembly can be condensed in three types: Stainless Steel 

304L, used to fabricate the nozzles (bottom and top); Zirconium alloy, used to fabricate 

thimble tubes, fuel rods and top and intermediate spacer grids; and Inconel 718, used to 

fabricate the bottom nozzle, holddown springs and the bottom grid. 

 

The materials properties are shown on Table 1. The data were compiled for room 

temperature (20 °C) and for operation temperature (300 °C). 

 

 
 

Table 1: Materials Properties 
 

Material 
Temperature 

[°C] 

Young 

Modulus 

[GPa] 

Poisson 

Coefficient 
α [°C

-1
] 

Density 

[kg/m³] 

Stainless 

Steel 304L 

20 199 
0,263 

15 x10
-6

 8040 

300 179,6 17,3 x10
-6

 7810 

Zirconium 

alloy 

20 98,3 
0,130 

5,6 x10
-6

 6560 

300 79,8 5,6 x10
-6

 6500 

Inconel 718 
20 200 

0,293 
12 x10

-6
 8270 

300 185,2 14,3 x10
-6

 8150 

 

 

 

3.3 Loads acting on the fuel assemblies  

 

The grid spring force and its stiffness were calculated, as well as, the negative gap 

(interference) inside a grid cell between the spring and the fuel rod. These values will be 

used as input to build the finite element model in ANSYS. Table 2 shows these values. 
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Table 2: Loads acting on the fuel assembly 

 

Grid type 

Grid 

spring 

force [N] 

Grid spring 

lateral stiffness 

[N/mm] 

Sliding force [N] 

Average 

gap/interference 

[mm] 

Inconel 50 70000 

75 2,0 Zirconium 

alloy 
35 100000 

 

 

 

The rotational stiffness between grids and guide thimbles are, 2940 Nm/rad and 8150 

Nm/rad, for 4 spot wells fuel assembly and for 8 spot weld fuel assembly, respectively. 

 

The friction coefficient used on the model between fuel rods and the grid springs have the 

following values, according to the materials in contact: 0.375 for Inconel/Zirconium alloy 

contact and 0.25 for zirconium alloy contact.  

 

3.4 Boundary Conditions 
 

The following boundaries conditions were used: 

 

 A displacement of 10 mm was applied on the fifth grid height on x direction (UX), aiming to 

evaluate the reaction forces due to this displacement. 

 

 Two different scenarios were done for the constrains: for the first one was considered that the fuel 

assembly, on nozzles positions, would be constrained on all directions, in other words, the 

holddown spring force was not considered acting on the fuel assembly structure; for the second 

scenario, the fuel assembly would have two degrees of freedom, translational in y direction (UY) 

and rotational in y direction (ROTY). 

 

3.5 Solution 
 

The analysis type performed was the non-linear static. The use of a non-linear analysis is justified by 

the geometrical non-linearity of the springs present on the fuel assembly. 

 

It was analysed four cases: 

 

1) Without the holddown spring force acting on the fuel assembly and four spot welds. 

 

2) Without the holddown spring force acting on the fuel assembly and eight spot welds. 

 

3) With the holddown spring force acting on the fuel assembly and four spot welds. 

 

4) With the holddown spring force acting on the fuel assembly and eight spot welds. 

 

The values extracted from de results provided by ANSYS were analyzed for a displacement equal to 

1 mm. With this input, the software provided a lateral rigidity value of the fuel assembly. The 

analysis was performed in cold condition (room temperature). 

 
Figure 3 shows the ANSYS model. Now it is possible to compare the representation of the Figure 2 

with Figure 3. 
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                           (a)                                                                      (b) 

Figure 3 – ANSYS finite element model: (a) model with all types of elements;  

(b) model with all the boundaries conditions for case 4. 
 

 

 

4. RESULTS OF THE FINITE ELEMENT ANALYSIS 

 
For analysis done on the finite element model, the achieved results are summarized in Tables 3 to 4. 

 

 

 

Table 3: Lateral stiffness of fuel assembly without holddown spring force  
 

Model 
Displacement 

[mm] 

Temperature 

[°C] 

Lateral Stiffness 

[N/mm] 

Stiffness 

Increase 

Case 1 1 20 180,46 
2,8% 

Case 2 1 20 185,05 

 

 

 

Table 4: Lateral stiffness of fuel assembly with holddown spring force  
 

Model 
Displacement 

[mm] 

Temperature 

[°C] 

Lateral Stiffness 

[N/mm] 

Stiffness 

Increase 

Case 3 1 20 160,58 
10% 

Case 4 1 20 176,65 

 

 

 

Figure 4 shows the plot of the final result of the model. As can be seen the maximum 

displacement (10 mm) occurred at the center of the fuel assembly, as expected. At this same 

point the reaction force was extracted, and then it gives the values presented in the tables 

above. 
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Figure 4 – Plot of the fuel assembly deflection 

 

 

 

5. CONCLUSIONS  

 

To perform a design change on fuel assemblies it is very important to make a lot of analysis 

and tests to put it inside the nuclear reactor. The present work shows the finite element 

method contribution to the analysis of a small, but important, change in the fuel assembly 

structure. 

 

The results show that the amount of spot welds on the grid to guide thimble connection is 
very important to the fuel assembly lateral stiffness.  The finite element model assure that if 

the design requires a larger stiffness than the current fuel assembly could provide, the spot 

weld increase on each connection is a very good action to take. 

 

Even the model is compared to other finite element model, it could be state that the results is 

very close to tests performed. 
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