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Abstract: This paper studies the lightweight design of the bracket by using ANSYS 

Workbench software in order to reduce the quality and cost of the bracket and to meet 

the structural strength requirements. The results show that the optimized mass is 

28.012kg, the improved structure is reduced by 33.56% compared with the original 

structure, and the strength and safety factor are also improved.  
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1. Introduction 

The previous design idea of the bracket type is that the stronger the better, the higher 

the safety factor, and the more expensive, the larger the small, the waste of materials, 

and the increase in the cost of production. With the development of China's science and 

technology, the product structure is developing towards a lightweight design. 

Lightweight does not mean that reliability is reduced. Lightweight and reliability must 

be taken into consideration at the same time. Lightweight cannot be at the expense of 

reliability. In this paper, the structural optimization analysis of a seated toilet bracket 

(shown in Figure 1 and hereinafter referred to as the bracket) is carried out, and finally 

the weight reduction of the bracket is realized while satisfying the performance. 

 

2. Bracket Modeling 

In the SolidWorks, the bracket part drawing is established. For the convenience of 

analysis, some small chamfering features are omitted during modeling, and the 

distortion during meshing is reduced. The assembled model is shown in Fig. 1. 
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1. Seat plate; 2. Nut; 3. Small pin; 4. Bracket support rod; 5. Hydraulic rod pin; 6. 

Hydraulic rod; 7. Bolt. 

Fig 1. Overall structure of the bracket 

 

The scaffold material was selected to be Q235 with an elastic modulus of 2.06 x 105 

MPa, a Poisson's ratio of 0.3, and a yield strength of 235 MPa. 

 

3. Static Strength Analysis of the Stent 

 

3.1 Dividing the Grid Sorting  

The 3D model of the bracket is imported into the ANSYS Workbench, and the grid is 

encrypted. The final number of grid cells is 54534, and the number of nodes is 104673. 

The grid quality is checked, the grid quality is good, and the final the grid quality is 

shown in Fig. 2 [1].  

 

 
 

Fig 2. Grid quality division 

 

3.2 Strength Analysis  

According to the working condition of the bracket, the part of the bracket supporting 

rod bottom contacting the ground and the part contacting the wall are fixedly 

restrained, and the bracket is mainly subjected to the pressure when the person sits, 

and is applied to the surface of the seat plate according to the standard of 200 kg, and 

is applied. The boundary conditions are shown in Fig. 3. The total deformation and total 

stress of the stent are solved, as shown in Fig. 4 and Fig. 5. 
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Fig 3. Boundary conditions 

 

 

Fig 4. Total deformation cloud map 

 

 

Fig 5. Equivalent stress cloud 

 

It can be seen from Fig. 4 that the maximum deformation of the bracket occurs at the 

foremost position of the seat plate, and the maximum deformation is 0.52825 mm. It 

can be seen from Fig. 5 that the maximum equivalent stress is 109.58 Mpa, which 

occurs at the hydraulic rod pin but smaller than the material. Yield limit, structural 

strength is good. Further analysis of the safety factor of the bracket structure, as 

shown in Fig. 6, can be found that the minimum safety factor is 0.78664, which occurs 

at the hydraulic rod pin. Therefore, under the condition of satisfying the use conditions 

and reasonable strength, the weight loss of the structure can be achieved, and the goal 

of light weighting the structure can be achieved. 
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Fig 6. Safety factor cloud map 

 

4. Optimization analysis 

Through the analysis of the structure of the bracket, the deformation and stress of the 

bracket can be obtained. Under the condition that the requirements are met, the 

structure is lightly designed. The analysis process is shown in Fig. 7. It can be realized 

by the Shape Optimization module in ANSYS Workbench. 

 

  

Fig. 7 Topology optimization analysis flow chart 

 

The topology optimization analysis is to reduce the original structure quality under the 

premise of ensuring the structural strength, and to achieve a lightweight design, which 

can further improve the rigidity of the structure. 

 

 

Fig. 8 Topology Optimization Results 

 

It can be seen from Fig. 8 that the optimization target of this structure is quality 

optimization, and the material removal part is mainly the seat plate part, the 
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optimization target is 40%, and the final optimized mass is 28.012 kg, and the 

improved structure is reduced in quality compared with the original structure. 33.56%. 

 

5. Optimized Static Strength Analysis 

 

5.1 Optimized Model  

Through the topology optimization analysis results obtained from ANSYS Workbench, 

the optimized 3D model is built using SolidWorks and imported into the workbench as 

shown in Fig. 9. 

 

 
 

Fig 9. Improved stent model  

 

5.2 Optimized Strength Analysis 

The optimized model, boundary conditions and meshing are the same as those before 

optimization. The total deformation of the model is shown in Fig. 10, the equivalent 

stress is shown in Fig. 11, and the safety factor is shown in Fig. 12. 

 

Fig 10. Total deformation cloud map 

 

 

Fig 11. Equivalent stress cloud 
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Fig 12. Safety factor cloud map 

 

It can be seen from the figure that the maximum deformation after optimization is 

0.57964mm, the maximum stress occurs at the pin of the hydraulic rod, the maximum 

stress is 107.58Mpa, the safety factor is 0.80125, and the structural safety factor after 

optimization is improved, indicating that the structural improvement is reasonable. At 

the same time, materials are saved and production costs are reduced. 

 

5. Conclusion 

In this paper, ANSYS Workbench is used to analyze the strength of the bracket, and the 

total deformation cloud map, equivalent stress cloud map and safety factor cloud map 

of the bracket are obtained. Through the Shape Optimization (Beta) topology 

optimization analysis in ANSYS Workbench, the bracket quality is reduced by 33.56%, 

etc. The effect force is reduced by 1.8%, the safety factor is increased by 0.015, and 

the lightweight design of the bracket is realized, which provides a reference for other 

parts design. 
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