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Abstract 
The bed is a key component of CNC machine tools. Most of the important parts of the 
machine tool are directly installed on the bed, and its own mechanical properties will 
affect the accuracy of the entire machine tool. In order to improve the performance of a 
certain type of CNC lathe bed, this paper combines the configuration laws of various 
biological structures and adopts the method of structural bionics to optimize it. Firstly, 
the original bed is analyzed by finite element, and the slat structure of the bed is bionic 
designed according to the comprehensive deformation cloud map and the 
characteristics of the biological structure, and the bionic designed bed is analyzed. The 
results show that compared with the original bed, the maximum deformation of the 
bionic bed is reduced by 19%, the mass is reduced by 3.7%, and its performance is 
significantly improved. 
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1. Introduction 

After hundreds of millions of years of evolution, organisms in nature have formed various biological 
structures with excellent performance and exquisite structure, which provide many design 
inspirations and creative improvement methods for human beings to solve engineering and technical 
problems. Studying the similarity between biological and mechanical structures, extracting beneficial 
structural features in organisms, and applying them to the optimal design of mechanical structures 
has become an important part of structural bionics research. The optimization of the rib layout of the 
machine bed is one of the research contents. 

At home and abroad, many scholars have used the method of structural bionics to make various 
optimization analysis of machine tool structure. Li Yupeng et al. [1] took the column of a heavy-duty 
spherical worm grinding wheel gear grinding machine as the research object, and combined the 
structural bionic optimization and size optimization to optimize the internal complex structure of the 
column, and verified the effectiveness of the comprehensive optimization; Tian Yafeng et al.[2] 
Biomimetic, a new type of beam rib structure combining arch and longitudinal and transverse ribs 
was designed. Compared with the prototype beam, the performance of the optimized new rib structure 
beam has been significantly improved. The bionic design of the structure of the ribs of the high-speed 
machine tool table greatly optimizes the machine tool table; PARTIEK et al. [3-4] established a 
mathematical model based on the finite element method and dynamic analysis to simulate the 
connection of various machine tool structures. At the same time, the topology optimization design is 
carried out on the joint surface position and quantity of the whole machine model; LEE et al.[5] 
established a robust model of objective function and constraint function based on the robust design 
method of sensitivity analysis, and applied it to the machine tool structure. design. 
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The above scholars have introduced the structural bionic method into the design and improvement of 
the machine tool, and achieved certain results, but it is still in the preliminary discussion and 
experimental stage, and the application research in the cutting machine tool is less. In this paper, on 
the basis of the research on the characteristics and configuration rules of the leaf vein structure, it is 
applied to the layout optimization of the rib plate of the CAK3665 machine bed, and a new layout 
scheme of the rib plate is determined, and good dynamic and static performance is obtained. , and 
achieve a lightweight design. 

2. Static Analysis of Bed 

2.1 Introduction of Bed Parameters 

The CAK3665 machine bed studied in this paper is a box-shaped structure with grid rib layout. The 
interior of the bed is a double mesh ribbed mesh. The bottom adopts eight-point support to ensure 
stability. It comes with iron filings and cutting. Funnel-shaped bevel and groove structure for liquid 
collection and separation. The structure model of the bed is shown in Figure 1. 

 

 
Figure 1. Internal slat structure of bed 

 

The CNC lathe bed is cast by HT250, reference [9], the material properties are shown in Table 1. 

 

Table 1. HT250 material properties 

Material Density /(kg • m-3) Elastic Modulus /GPa Poisson's ratio 

HT250 7250 138 0.27 

 

In order to improve the meshing quality, the positioning holes, threaded holes, fillets, chamfers and 
other features in the 3D model of the bed are removed. Import the simplified model into finite element 
analysis software for meshing. Due to the complex structure of the bed, SOLID187 tetrahedral 
elements, which are suitable for generating irregular mesh models, are selected. At the same time, in 
order to facilitate the subsequent structural improvement to have a clear force transmission structure, 
the transition type is set to "large scale", and the free mesh division method is selected. The number 
of nodes in the finite element model is 542575 and the number of elements is 345918. 

2.2 Analysis of the Static Characteristics of the Bed 

Use mass analysis software to add mass properties to each component of the CNC lathe model, 
analyze and obtain the centroid of each component. In the Z-direction view, the center of mass of 
each component is essentially located at the geometric center of each load application surface, so it 
is directly applied to the contact surface to distribute the load force. The above loads are applied 
accordingly to the finite element model of the bed and fixed constraints are added to the bearing 
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surfaces at the bottom of the model. After solving, the comprehensive deformation cloud map of the 
bed is obtained as shown in Figure 2.               

 

 
Figure 2. Comprehensive deformation cloud map of the bed 

 

Static analysis shows that under the above working conditions, the maximum deformation of the bed 
occurs in the middle of the bed, and the maximum deformation is 2.42 μm. 

3. Structural Bionic Optimization of the Bed 

3.1 Biological Structure Feature Extraction 

In the evolution of biological load-bearing structures, they are always constructed and remodeled in 
the direction of the most economical materials, the least energy loss, and the best mechanical 
properties. Every increase or decrease in the structure is to make the organism better adapt to external 
and own loads, with the least material to bear the maximum external force. Typical biological load-
bearing structures such as plant leaf veins and animal bones have been concerned by many bionic 
designers [7-8]. 

According to the static analysis, the deformation of the CNC lathe bed is mainly caused by the parts 
mounted on the bed. The bed mainly bears the gravity of other parts, and the gravity is loaded on the 
bed in the vertical direction. In nature, the special structure of the tortoise shell has a strong ability to 
withstand pressure, which is inseparable from its unique arch curve and scientific structure. Through 
the observation of turtle shell specimens, it is found that the turtle shell is divided into two parts: 
carapace and plastron, and the whole shell is thin shell. The back has an arched structure with a large 
span. The vertebrae, sternum, and ribs are derived and fused with the shell of the back. The four 
corners of the shell have angled support structures. According to the similarity principle, the 
following three criteria are mainly used: similar structure, similar load, and similar function. 
According to the above three selection criteria, the tortoise shell is an ideal biological structure for 
the bionic design of the rib plate of the bed. In terms of structure, the back of the tortoise shell is 
similar to a hemispherical surface, which can resist external pressure; in terms of load, the tortoise 
shell has strong resistance to external loads, while the bed is mainly subjected to bending and torsional 
deformation. The arch bridge shell structure can provide the best resistance to bending; functionally, 
both play the role of supporting, protecting and transmitting loads. In summary, the bionic structural 
features of the tortoise are extracted and introduced into the optimization design of the machine bed 
rib. As shown in Figure 3. 
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Figure 3. Bionic arch structure 

3.2 Structural Improvement 

It can be seen from the static analysis results that the maximum deformation of the bed occurs in the 
middle of the bed. Therefore, the slats in the middle of the bed are designed to be bionic. The bed 
with bionic optimized design is shown in Figure 5. 

 

 
Figure 4. Imitation tortoise design of the internal slat structure of the bed 

 

Under the condition of unchanged load conditions and fixing method, the mechanical properties of 
the bed are analyzed after optimizing the design of the rib. The comprehensive deformation cloud 
diagram of the bed after the optimized design is shown in Figure 5. 

 

 
Figure 5. Comprehensive deformation cloud map of the bed after optimization 
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Table 2 compares the performance parameters of the bionic design bed of CNC lathe with the original 
bed. 

 

Table 2. Comparison of bed performance parameters before and after improvement 

Performance parameter Before improvement After improvement Rate of change 

Maximum deformation 2.42 μm 1.96μm −19% 

Quality 670 kg 645 kg −3.7% 

4. Conclusion 

In this paper, the configuration characteristics of the organism tortoise are studied, the structural 
characteristics of the tortoise shell with excellent mechanical properties are extracted, the mechanical 
properties of the CNC lathe bed under specific conditions are analyzed, and the maximum 
deformation area of the bed is found. The characteristics of the tortoise shell structure are introduced 
into the optimization design of the bed reinforcement, and the reinforcement in the important area of 
the center of the bed is changed to the tortoise shell structure. The comparative analysis results show 
that the maximum deformation of the bionic bed is reduced by 19% and the mass is reduced by 3.7%. 
The results show that the total mass of the bed is reduced, the static characteristics are improved, and 
the mechanical properties of the bed are improved by the bionic structure of the tortoise shell. 
Therefore, it is proved that the bionic rib plate can not only improve the static characteristics of the 
bed, but also realize the lightweight of the bed, and the arched structure can be used to improve the 
performance of the CNC machine bed. 
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