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ABSTRACT 
 
Among the components of the fuel assembly, the spacer grids play an important structural role during the energy 

generation process, mainly for their requirement to have enough structural strength to withstand lateral impact 

loads, due to fuel assembly shipping/handling and due to forces outcome from postulated accidents (earthquake 

and LOCA). This requirement ensures a proper geometry for cooling and for guide thimble straightness in the 

fuel assembly. In this way, the understanding of the macroscopic mechanical behavior of this component 

becomes essential even to any subsequent geometrical modifications to optimize the fuel assemblies’ structural 

behavior. In the present work, tridimensional finite element models destined to provide consistent predictions of 

16x16-type spacer grids lateral strength were proposed. Firstly, buckling tests based on results available in the 

literature were performed to establish a methodology for spacer grid finite element-based modeling. Then, by 

considering a spacer grid interesting geometry and some possible variations associated to its fabrication 

tolerance, the proposed numerical models were submitted to compression conditions to calculate the buckling 

force. Also, these models were validated for comparison with experimental buckling load results. Comparison of 

buckling predictions combined to observations of actual and simulated deformed spacer grids geometries 

permitted to verify the consistency and applicability of the proposed models. Thus, these numerical results show 

a good agreement between them and the experimental results. 

 

Keywords: finite element method, fuel assembly, spacer grids, compression tests. 

 

 

1. INTRODUCTION 
 

Nuclear fuel assemblies used in pressurized water reactors (PWR) can be defined like 

mechanical structures composed by multiple components, as the fuel rods that contain 

uranium pellets. Each fuel assembly must be designed with an adequate lateral stiffness to 

withstand accidents loads, such as a seismic shutdown earthquake or a loss of coolant 
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accident [1]. A typical scheme of fuel assembly and its components considered in this work 

can be observed in details in the Figure 1. 

 

 

 
 

Figure 1 – Fuel assembly structure and its components [2] 
 

 

The fuel assembly most important structural component is the spacer grid due to its great 

resistance against static and dynamic loads during its manufacturing and inside nuclear 

reactors, respectively. Thus, in order to prevent breakdown of spacer grid failure, it is 

important to know the structural behavior of the fuel assemblies and estimate their lateral 

strength, as well as their lateral stiffness [3- 5]. 

 

The literature [3, 6-7] presents experimental and numerical works focused in the study of 

spacer grids structural behavior within the nuclear reactors. However, the effect promoted by 

the loads during manufacturing of this component generally is not taken into account. It is 

well known that the control of the spacer grid straightness plays an important role on its 

structural integrity. Therefore, the determination of the strength limits for spacer grids 

deformation, before and after in-reactor conditions, is essential. In this sense, finite element-

based simulations represent a reasonable alternative for that when compared to the high costs 

associated to experimental tests. 

 

In this context, a three-dimensional finite element based model was developed in the present 

work to evaluate the behavior of the spacer grids in terms of the maximum compression force 

undergone by this structural component. 
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2. SPACER GRID DESIGN 
 

Song et al [8] defined the spacer grid as a device of the fuel assembly structure characterized 

by an arrangement of linked straps that are welded at their intersections to form an egg crate-

liked structure. Also, these straps are composed by drawn springs and dimples that are in 

direct contact with fuel rods [9]. 

 

Figure 2 shows the 16x16 spacer grid type analyzed in the present work, totalizing 256 cells 

among them 20 are destined to guide thimbles and one to the instrumentation tube. In the 

remaining cells, are placed fuel rods. In addition, all the grid straps are welded by brazing 

technique along their width. 

 

 

 
(a) 

 

 
(b) 

 

Figure 2 – Spacer grid: Spacer grid assembly; Spacer grid cell and its springs and 

dimples 
 

 

dimples 

springs 
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Yoon et al [12] stated that the spacer grid is a structural component designed to supply very 

important characteristics to the fuel assemblies, that is, fuel rod lateral and vertical support, to 

guide the pressurized water flow, to provide static load strength and to attribute dynamic load 

strength from external impact during operation, specifically during an earthquake and /or 

LOCA accidents. Additionally, Song et al [16] mentioned that spacer grids must provide the 

straightness of guide thimbles, due this the control rods can be inserted without any 

obstruction, during normal and accident conditions. Thus, spacer grid are designed to resist 

lateral loads avoiding plastic deformation. 

 

2.1. Spacer grid compression strength 
 

Consistent design of spacer grids strongly requires investigations on their buckling strength. 

According to Song et al [5], the buckling strength should be adequate to withstand lateral 

loads due to seismic accelerations, forces due to LOCA and loads due to shipping and 

handling. These design aspects are very important, once spacer grid holds the fuel rods for an 

adequate cooling geometry and also ensures the correct control rods insertion [3, 5]. 

 

According to Yoon et al [10], some specifics features can influence the spacer grid buckling 

strength; that is, 

 

• The height of the spacer grid strip, i.e., the greater the height of the grid strip, the greater is 

its mechanical strength. However, the size of the height of the grid strip can influence the 

fuel assembly’s pressure loss. 

 

• Buckling strength is also influenced by the spacer grid strip thickness, as well as its weld 

penetration at the intersections of these strips (in the case of brazing welding there is no 

concern because it covers the entire height of the strip). 

 

• The spring and dimple shape, the slots and others less important geometric features can 

influence the buckling strength. 

 

Then, the development of a spacer grid should involve several design requirements, in order 

to get a functional mechanical component and to provide safety in-service operation. 

 

2.1.1 Experimental compression tests 
 

Spacer grid physical test, commonly called static compression test or static crush test, is 

perform by nuclear industry with the aim to obtain strength limits of the spacer grids. 

Generally, this test is a requirement of the nuclear regulatory body of a country. It is used to 

verify the loads, from assembly bench clamping devices showed in Figure 3 that holds spacer 

grids during fuel rod insertion into the skeleton of the fuel assembly. Each spacer grid is 

seated on respectively clamping device with the guide tubes already inserted in their 

respective positions. Therefore, this device applies a very high compressive load in order to 

fasten the skeleton, and then the fuel rods can be inserted in their respective positions. This 

compressive load must have a maximum limit, thus the spacer grid does not exhibit any kind 

of deformation due this compression load. 
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Figure 3 – Assemblage bench of the fuel assembly 

 

 
The compression physical test exactly reproduces the condition described, and then the limits 

for compressive loading are determined. It is performed using a universal tensile machine, 

which in turn applies a compressive load. The data acquisition is done by a computer system 

that records the forces and the displacements at every specified increment. Furthermore, the 

maximum compression force achieved is recorded. A scheme of the test device is shown in 

Figure 4. 

 

 

 
 

Figure 4 – Scheme of the compression test device - experimental apparatus 
 

 

3. FINITE ELEMENT MODELING 
 

A three-dimensional 16x16 spacer grid was modeled by using shell finite elements in order to 

reproduce its actual mechanical behavior with the help of the commercial program Ansys 

14.0. This kind of modeling demands a lot of computational resources, since the number of 

elements, and consequently the number of nodes, is very high. Figure 5 shows the spacer grid 
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geometric model. One can observe that the tabs of the outer straps, see Figure 2, were not 

taken into account once them does not exert any influence on the grids structural behavior. 

 

 

 
 

Figure 5 – Spacer Grid Geometric Model 

 

 
The Inconel 718 mechanical properties used in the proposed modeling are listed in Table 1.  

 

 

Table 1 – Inconel 718 mechanical properties at 25ºC 
 

Properties Inconel 718 Stainless Steel 

Elastic modulus (Pa) 2E11 2E11 

Density (kg/m³) 8300 - 

Friction 0.25 

Poisson’s ratio 0.3 0.3 

 

 

The finite element type implemented to mesh the whole model was the quadrilateral four 

nodes shell element SHELL63. It is important to note that the external straps are thicker than 

the inner one, and to represent this difference, the finite element type used request a thickness 

on each node of the element. Additionally, two stainless steel bars were modeled to represent 

the compression device. These bars were modeled according with the actually test device and 

their elastic properties are also listed in Table 1. The meshing was done using the brick-eight 

nodes finite element SOLID45 type. Figure 6 presents the whole model discretized for the 

aim to simulate a compression. 
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(a) (b) 

 
(c) 
 

Figure 6 - Spacer grid finite element model: (a) mesh; (b) detail of the discretization; 

and (c) upper and lower support plates 
 

 

Contact between the bars and spacer grid top and bottom outer strap was used to reproduce 

the correct behavior of bars acting in the compression directions, and the static friction 

coefficient, µ, equal to 0.25 was applied between the parts. For the boundary conditions were 

applied nodal displacements on specifics locations, as can be seen in the scheme presented in 

Figure 7. The lower bar was restrained on all degree of freedom and it was applied a 

displacement about 0.65 mm in the upper bar in the compression direction. In addition, it was 

considered geometrical non-linearity for spacer grid mainly due to springs and dimples. 

 

 

 

 

Figure 7 – Boundary conditions for the spacer grid modeling 
 

Support plate 

Support plate 
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3.1. Validation of the proposed modeling 

 
In order to evaluate the effect of some spacer grids fabrication parameters, such as straps 

assemblage and welding, in the numerical model, it was performed more two simulations 

based on the same model above described, with only slightly geometrical modification as 

shown in Figure 8. The geometrical difference exhibited in the modified models is the 

dimension/shape of the cells in the detached cell line, as shown in Figure 8a. The original 

model, previous described, presents a cell with uniform dimensions in this detached line, as 

shown in the scheme in Figure 8b. This selected line represents the line that was first 

deformed in the original model previous described. In the first modified model, see Figure 8c, 

the cell vertical straps were increased in length to reproduce a tolerance deviation during the 

fabrication. The cell’s dimension increased 0.005 mm in length, as it is the maximum 

tolerance stated in the drawing design. In the second modified model, see Figure 8d, the cell 

vertical straps were put in an oblique direction to reproduce a tolerance deviation during the 

fabrication. This oblique deviation impose a 0.005 mm in slope. It is important to notice that 

these deviations were done within the tolerance limits given in the spacer grid design. 

 

Song et al. [5] proposed numerical models to simulate this compression test and then they 

found a significant contrast in the final result, around 30%. The authors stated that this 

deviation is acceptable, since the model constructed by them presented some assumptions 

between the finite element model and the actual spacer grid physically tested, mainly because 

of the manufacturing dimensional tolerances and the welded region. For the modified models 

mentioned here, after the simulation, it is possible to notice the consistency of the original 

numerical model, since the presence of small geometric deviations, like the ones added to the 

internal cells of the grid, can produce a drop on the stiffness and, therefore, approach the 

numerical result to the one acquired experimentally. 

 

 

 
(a) 

 

        

(b)                                          (c)                                            (d) 

 

Figure 8 – Variations in the spacer grid design: (a) original model; (b) cell without 

deviations; (c) cell with vertical straps increased; and (d) cell with oblique strap. 
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4. RESULTS AND DISCUSSION 
 

The maximum force withstand by the spacer grids numerical model was determined by the 

sum of the nodal reaction forces present in the upper bar that is subject to the imposed 

displacement. This calculated maximum load (or critical load) was 7259 N. For comparison, 

the value obtained by the physical test is 7231 N. Based on the very small difference between 

the mentioned results, that is, the numerical prediction was only 0.4% higher than 

experimental one, a preliminary analysis has indicated that the numerical model can reliably 

reproduce the behavior of the spacer grid under a static compression, which is observed 

during the experimental test, thus providing a validation of this prediction. 

 

Figure 8 compares, based on the force versus displacement, the numerical prediction and the 

experimental one obtained during the static compression of the spacer grid. Notice that the 

ascending curve, both numerical and experimental, ceases at the point where there is a 

structural instability. This physical phenomenon occurs when a structure lost its ability to 

withstand loads, generally higher than the values determined in design. The profile of the 

curve obtained (Figure 8) by the numerical model and compared with the physical test curve, 

shows a difference regards to its slope which can mainly be explained by manufacturing 

issues that the spacer grid is subjected. As the spacer grids are formed by welded strips at 

their intersections to form the grid cells, the process to assembly the straps can to cause some 

geometrical deviations that are not observed during numerical modeling. 

 

 

 

Figure 8 - Load versus displacement prediction: physical test and numerical simulation. 
 

 

Figure 9 compares the deformed geometry of the spacer grid after the compression test and 

the geometry obtained by the numerical model after the simulation of the compression of the 

spacer grid. It can be notice that the region where the spacer grid presents a higher 

deformation is a cell line that is close to the middle cell line of the spacer grid and this line 

doesn’t have guide tubes position, but this deformed cell line surrounds the cell line that 

contains positions of the guide tubes. 
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(a) 
(b) 

 

Figure 9 - Deformed spacer grid after compression: (a) numerical model result and    

(b) physical test result 

 

 

5. CONCLUSIONS  
 

After numerical model calibration, the results presented are coherent with the behavior and 

the value is quite similar to the experimental one. For validation purposes, it could be stated 

that: 

 

1. Deformed geometry after compression: the deformed shape and the location of the 

displaced cells of the numerical model are consistent and very similar to what occurs in 

reality. 

 

2. The maximum critical force obtained by numerical simulation shows a very good 

agreement with the physical test; 

 

3. When the force applied in the model for each step increase due to the displacement of the 

upper bar, the graph shows a deviation when compared to what actually occurs, although the 

behavior of the curves is consistent with reality, since the numerical model is more idealized, 

i.e. the model is constructed without any imperfections that a real physical system presents, 

due to some features related to the manufacturing and assembly process of the grid spacer; 

 

4. The numerical model built represents, in a correct/good manner, the physical compression 

test performed on spacer grids. There with this model becomes an efficient tool for the in-

deep study and for the development of new and modified spacer grids design. Moreover, this 

numerical model will bring not only knowledge, but also it can lower the costs to 

development spacer grid design, once the specimens numbers to be tested will be lower with 

this validated numerical model. 
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