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Abstract: As the external frame of the pneumatic balancer, the cylinder barrel mainly 

plays the role of sealing and supporting.  The sealing requires high precision, but the 

deformation of the load affects the precision. Therefore, stress and strain analysis 

should be carried out on the steel cylinder to determine an appropriate wall thickness. 

Using ANSYS to analyze wall thickness is of strict significance to actual production 

guidance. 
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1. Introduction 

As the main component of the pneumatic balancer, the cylinder barrel is not only 

related to the sealing performance of the pneumatic balancer, but also to the load 

performance of the pneumatic balancer, and even to the safety of operators. Therefore, 

it is very important to choose the appropriate cylinder barrel wall thickness.  Too thin a 

wall thickness can easily lead to safety problems, while too thick a wall thickness can 

lead to material waste. therefore, the wall thickness design should be carried out and 

the finite element analysis software ANSYS should be used to analyze the stress and 

strain of the cylinder barrel of the pneumatic balancer so as to optimize the wall 

thickness[ 1,2 ]. 

 

2. Selection of ANSYS Unit Type 

To simulate the cylinder barrel, the shell unit shell 181 is selected in this paper.  

Because the shell unit can be used when the overall thickness of the structure is very 

small relative to the typical length, the problem that the length is more than 20 times 

larger than the thickness can decide to use the shell unit. 
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Shell 181 is suitable for thin to medium thickness shell structures. The unit has four 

nodes, each node of the unit has six degrees of freedom, namely translation along the 

x, y, z directions of the nodes and rotation around the x, y, and z axes of the nodes. The 

degenerated triangle option is used for the transition unit of mesh generation. Shell 

181 unit has the functions of stress stiffening and large deformation. The unit has 

strong nonlinear function, and has the functions of section data definition, analysis, 

visualization, etc. it can also define composite multi-layer shells. 

The shape, node position and coordinate system of shell 181 cell are shown in the 

figure 1. The cell is defined by four nodes I, j, k, L. the expression of the cell is 

measured by logarithmic strain and real stress. The thickness and other information 

can be defined by the definition of real constant or cross section. The real constant 

option is only used for single-layer shells. 

 
Fig.1 

 

3. Wall Thickness Design of Steel Cylinder 

When the wall thickness of the steel cylinder is relatively large, the strength and rigidity 

of the steel cylinder will be enhanced, but it will also lead to a substantial increase in the 

overall weight of the pneumatic balancer.  When the wall thickness of the steel cylinder 

is small, the total weight of the pneumatic balancer can be better controlled, but the 

strength and rigidity of the steel cylinder will also be affected in turn.  In order to 

optimize the reasonable wall thickness of the steel cylinder, the stress and strain of the 

steel cylinder during the operation of the pneumatic balancer are analyzed by finite 

element simulation.  The following two aspects should be considered in the optimal 

design of steel cylinder wall thickness: 

(1) During normal use of the pneumatic balancer, the stress of the steel cylinder is 

within the material yield limit. 

(2) During normal use of the material, the shape variable of the steel cylinder should 

not be too large, otherwise finishing the steel cylinder will lose its meaning.  Ideally, the 

maximum shape variable of the steel cylinder is less than at least one order of 

magnitude of straightness and roundness of the steel cylinder [3]. 
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4. Finite Element Simulation Analysis of Steel Cylinder 

The static simulation analysis of the whole pneumatic balancer is carried out, and the 

stress and strain reprogram of the steel cylinder is extracted to analyze the stress and 

strain state of the steel cylinder under the actual working condition [4].Since the 

deformation of the steel cylinder is very small, it can be considered to be within the 

elastic range of the material.  The material of the steel cylinder is 6063t5, the density 

is 2.7e + 03 kg / m3, the elastic modulus is 7.2e + 11n / m2, the poison ratio is 0.3, and 

the analysis type is linear static analysis.  Considering the high computational efficiency 

and good accuracy of hexahedral mesh, the steel cylinder adopts hexahedral structure 

to divide the mesh.  In order to avoid the phenomenon of shear locking, the steel 

cylinder should be divided into at least 4 grids in the thickness direction.  The boundary 

condition is applied to the lifting lug of the steel cylinder, and the lifting lug on the steel 

cylinder is fixed.  The load condition applied to the middle point of the screw can also 

be equivalent to the load size 1450N at both end caps. 

(1) Strength analysis. 

According to the stress reprogram of the steel cylinder, under the rated load and the 

safety factor of 1.5, the stress at each point on the surface of the steel cylinder is less 

than the yield limit, as shown in figure 2.  In addition, there is stress concentration at 

the lifting lug of the steel cylinder, but it does not reach the yield limit of the material.  

Since the overall stress of the steel cylinder is relatively small, the steel cylinder meets 

the strength requirements. 

 

 

Fig.2 

 

(2) Stiffness analysis. 

The units near the end cap of the piston and the lifting lug on the inner surface are 

respectively selected to extract deformation data of these units and analyze the 

deformation of the inner surface where the steel cylinder contacts the piston.  Since the 

cylinder cylindricity is less than 0.1 mm, it is less than the cylinder cylindricity tolerance 

value by more than one order of magnitude.  The difference between the maximum 
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value and the minimum value on the same circumference should otherwise be 

considered that the deformation of the steel cylinder under the rated load condition is 

too large to see that it affects the machining accuracy and affects the sealing effect of 

the steel cylinder.  According to the strain reprogram of the steel cylinder, the 

maximum strain value of the steel cylinder is 0.505 e - 4 mm, which is just one order of 

magnitude less than the processing precision of the steel cylinder.  The steel cylinder 

can meet the stiffness requirements, as shown in figure 3. 

 

 
Fig.3 

 

5. Conclusion 

There are accidents of falling baskets. In the second method, the operators’ safety belt 

is not being fastened. If the belt is fastened, it’s inconvenient for the operators to work. 

In order to ensure the safety of the operators working in the crane sweep and avoid 

harm to workers, a safety device convenient for work and belt fastening is proposed. 

This device can not only fasten the belt but also avoid of decreasing the flexibility of 

operators. 
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