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APPLICATION OF SUBMODELING TECHNOLOGY TO SHEET METAL 

STRUCTURES OF LIFTING EQUIPMENT 

Аннотация: в статье показаны результаты применения технологии под-

моделирования к анализу листовых металлоконструкций, моделируемых оболо-

чечными или объемными элементами. Показаны критерии возникновения сингу-

лярности в модели и способы нахождения действительных напряжений в зоне 

концентрации путем использования в расчете уточненной геометрии. 
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Abstract: the article shows the results of applying the submodeling technology to 

the analysis of sheet metal structures, modeled by shell or solid elements. Criteria for 

the appearance of a singularity in the model and methods for finding the actual stresses 

in the concentration zone are shown by using the corrected geometry for solution per-

forming. 

Keywords: finite element method, submodeling, weld seam, equivalent stresses, 

singularity. 

It is sometimes necessary to create volumetric and complex models in order to 

find the actual effective stresses of the responsible structures. However, this is not al-

ways possible due to the hardware limitations and the time-limited preparation of the 

model. To find real values of stresses at a specific point of the model it is possible to 

use the Hot Spot Stress method which is described in the source [1]; however, in addi-

tion to the necessity of results post-processing by means of finite element calculations, 

https://creativecommons.org/licenses/by/4.0/


Центр научного сотрудничества «Интерактив плюс» 
 

2     www.interactive-plus.ru 

Содержимое доступно по лицензии Creative Commons Attribution 4.0 license (CC-BY 4.0) 

it becomes necessary to make finer the mesh by regulating the size of the element, 

which should be equal to a half of the thickness of the joined sheets [1, p. 135]. Also 

in some cases, the plasticity of the material is also taken into account, but this leads to 

an increase in the convergence time, and as well does not always guarantee the real 

stress finding. In turn, the technology of submodeling (SM) allows to decompose the 

task and subtasks, which reduces the load on the hardware. The main target of the SM – 

getting satisfactory results of stresses on a certain area of the model where inaccurate 

results were obtained on a mesh of insufficient density. So, you can obtain an accurate 

result on a smaller elements mesh by creating a submodel of the stress concentration 

region. The main principle is a transfer (an interpolation) of the nodes displacements 

obtained from the calculation of the full model in the locations of the submodel bound-

aries at the nodes of the submodel. 

The article [3] says that it is possible to find the specified values of stresses in the 

zone of soldering the flange of the waveguide channel element with the help of this 

technique, while the ratio of the stress values in the basic and refined model 

reaches 1.8. Also SM-technology has found its application in analyzing the cylinder 

head of a highly-compressed diesel engine during temperature analysis [2, p. 47]. The 

task was modeled by solid (3D) elements. The problems of it are: a long calculation 

time due to the large number of degrees of freedom and a presence of nonlinear con-

tacts. An application of the SM have allowed to find the stress values in the nozzle 

zone, while the number of elements along the bridge could be increased from one to 

four. However, the using of the SM requires additional studies in applying it to sheet 

structures that are modeled by shell finite elements. The calculation of the traverse 

(fig. 1) using the solid-solid and solid-shell method have been considered as an exam-

ple of this technology realization. The stresses and the strains of the traverse (the basic 

model) are determined from the calculation results. 
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Fig. 1. Importation of displacements to the submodel,  

thickening of the mesh in the required area 

 

As a truth estimating criterion of values of equivalent stresses have been proposed 

a criterion of equality of averaged and unaveraged stresses, as well as the absence of 

stress growth as a result of meshing the mesh in the stress concentration zone. 

The equivalent stresses increase as the size of the element decreases. This depend-

ence is reflected in the graph (fig. 2b). The upper line shows the unaveraged values, 

the lower line shows the averaged values. The ratio of the unaveraged stresses to the 

average is 2. At the same time, the stresses significantly exceed the resistance limit [4] 

for the strength class of a steel 345; however there is a danger of assuming the obtained 

stress value due to the satisfaction to the strength condition for a large element size 

(including for the shell model, see fig. 3 b). Similarly, approximating the obtained val-

ues by a power function, we obtain that if the element size is set to zero, the stresses 

tend to infinity. 
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a) b) 

Fig. 2. The calculating results of the volume finite elements model:  

a – pictures of stresses and strains; b – graph of stress changes 

 

Submodeling the shells it is necessary to take into account the importing features 

of the displacements from the basic model to the submodel. Since solid elements have 

3 degrees of freedom per node (linear), and for shell ones – six, linear displacements 

are converted into twisting (angular deformation of the shell).Being calculated the trav-

erse by the shell method, a similar singularity effect and a mismatch between the aver-

aged and non-averaged stresses are observed. That is, the use of shells with a fine mesh 

in comparison with the solid model does not preclude the possibility of a singularity. 

  

a) b) 

Fig. 3. The calculating results of the shell model:  

a – pictures of stresses and strains; b – graph of stress changes 
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It is necessary to create a thickened mesh in the weld zone for the created sub-

model. The submodeling calculation results with different element sizes show that the 

stresses grow up with element size decreasing (fig. 3b). In this case, there is also a 

singularity. 

The solution of this problem is the approximation of the real model geometry: that 

is, the insertion of the weld geometry and the small sized fillets. Below are the calcu-

lation results of the traverse submodeling with the original and modified geometry (fig-

ures 4, 5). 

According to the modeling results the table was compiled (Table 1), from which 

it can be seen that with a changing of the element size, a considerable increase in stress 

is observed. However, as can be seen from Fig. 5b, for a submodel with a fillet at an 

element size ≤ 0.4 mm, the stresses practically do not change. 

  

a) b) 

Fig. 4. The results of the submodel calculation are:  

a – stress patterns; b – graph of stress changes 
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a) b) 

Fig. 5. The calculation results of the submodel with the applied welds:  

a – stress patterns; b – graph of stress changes 

 

Table 1 

Values of equivalent stresses, MPa 

 
Solid-Solid Shell-Solid 

Average Unaverage Average Unaverage 

The model 342.70 403.13 281.76 305.98 

The model with fine mesh 769.11 912.2 467.43 895.34 

The submodel 695.25 706.32 733.94 745.57 
 

In this article, the applicability of the technology of submodeling to the analysis 

of complex structures has been examined. The application of this technology meets 

modern production requirements for the analysis of large models, which include parts 

that need to be modeled by shells or beams. In this case, the possibility of calculating 

a simplified basic model with subsequent transfer of displacements to a submodel with 

a corrected geometry is shown, which makes it possible to find real values of stresses. 
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