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Abstract. This thesis uses the virtual simulation of the new screw pile hammers 
as an example, and puts forward a virtual simulation method based on a combi-
nation of multi-software platforms. It simply introduces how to design the size 
of the machine, and check the strength of each part with the help of ANSYS. 
Then focuses on the introduction to the working process of this virtual simula-
tion method, achieves the goal of seamless connection of different software, the 
build of 3d model of the pile hammer, and the production of the virtual  
pile hammer. Meanwhile, the virtual simulation of four processes demonstrates 
the functions of the new screw pile machine in different stages and the principle 
of piling. Compared with the traditional method which stimulates and analyzes 
with a single software, the practical applications demonstrate that, the virtual 
stimulation method based on a combination of multi-software platforms is  
easier to operate, more flexible to modify and more authentic.  
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1 Introduction 

With the rapid development of mechanical manufacturing industry, machinery is 
more and more powerful in function and the parts of the machine are more and more 
complex. Therefore, new requires on virtual simulation are unavoidable. Nowadays, 
there are various kinds of software in the world, which have disadvantages and advan-
tages[1,2,3]. We face the problem how to combine different kinds of virtual simula-
tion software effectively to achieve the virtual simulation, which gives birth to a  
virtual simulation method based on a combination of multi-software platforms.  

2 Background 

The new screw pile machine structure design adopts advanced floating technology, 
planet gear load uniform and reasonable, gear carrying capacity is high, long service 
life, economical. 
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According to the demand of customer, we need to do the following two points: 

• Calculate a series of data (especially the spindle size of reducer). 
• Make the virtual prototype of the pile hammer and its videos.  

It is of great importance to research on the virtual simulation of the new screw pile 
hammers. The prototype can promote the interaction between manufacturer and client 
(especially the non-technical staff). Through the video of the prototype, clients can 
learn about the new type of the machine such as its advantages, structure and principle 
without going out, which contributes to the promotion of the products as well. 

3 Calculation and Analysis 

3.1 Calculate the Power and Torque of the Output Shaft 

Given conditions : 

The output torque of the reducer is T ൌ 25T ൈ m; 
The output speed of the reducer is N ൌ 3.981r/min; 

• Calculate the output power.  
• The input power of the reducer is: Pଵ ൌ T ൈ N9549 ൌ 25 ൈ 10ଷ ൈ 9.8 ൈ 3.9819549 ൌ 102.141kw 

In the above formula: 
Efficiency of the bearing[4] ηଵ—we can check the value of ηଵis 0.98~0.99,than 

take 0.98 as ηଵ. 
Efficiency of the gear[5] ηଶ—we can check the value of ηଶ is 0.98~0.995,than 

take 0.99 as ηଶ. 
Efficiency of the planetary gear[5] ηଷ —we can check the value of ηଷ  is 

0.97~0.99,than take 0.98 as ηଷ. 
Efficiency of the gear coupling[6] ηସ—we can check the value of ηସ is 0.99. 

• The output power of the reducer is: Pଶ ൌ Pଵ2ηଵଶηଶଶ ൌ 102.1412 ൈ 0.98ଶ ൈ 0.99ଶ ൌ 54.256kw 

• The input power of the motor: Pଷ ൌ Pଶηଵηଶηଷηଶηଷηସ ൌ 54.2560.98 ൈ 0.99 ൈ 0.98 ൈ 0.99 ൈ 0.98 ൈ 0.99 ൌ 59.411kw 

Conclusion: we can calculate the output power is 59.411kw based on the given condi-
tion (T ൌ 25T ൈ m)，which is less than the rated power (75kw)of the motor, that 
means the maximum output torque of the pile hammers can be achieved to 25 T ൈ m. 
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• Calculate the output torque.  
• Input torque of the gear: Tଵ ൌ 9549 ൈ Pଷnଶ ൌ 9549 ൈ 59.4111000 ൌ 569.096N ൈ m 

In the above formula: nଶ— rated speed of the motor ,1000r/min 

• Input torque of the reducer: Tଶ ൌ 9549Pଷηସnଶ ൌ 9549 ൈ 59.411 ൈ 0.991000 ൌ 561.639N ൈ m 

• Input torque of the gear shaft(high-speed shaft): Tଷ ൌ 9549Pଷηଷηସηଷηଶηଷηଶnଷ ൌ 26270.32N ൈ m 

In the above formula: nଷ— rated speed of the gear shaft  nଷ ൌ nଶτଵτଶ ൌ 10008.7692 ൈ 5.6667 ൌ 20.124r/min 

 

In the above formula: 
The first level ratio of the planetary gearbox:τଵ ൌ 8.7692 
The second level ratio of the planetary gearbox:τଶ ൌ 5.6667 

• Output torque of the gear shaft (high-speed shaft): Tସ ൌ 9549Pଷηସηଷηଶηଷηଶηଵnଷ ൌ 2.627 T ൈ m 

• Input torque of the gear shaft (low-speed shaft): Tହ ൌ 2 ൈ 9549Pସηଶηଶnସ ൌ 2 ൈ 9549 ൈ 54.256 ൈ 0.99 ൈ 0.993.981 ൌ 26.031 N ൈ m 

In the above formula: Pସ— stands for the output power of the planetray gearbox 

• Output torque of the gear shaft (low-speed shaft): T଺ ൌ 9549Pହnସ ൌ 9549 ൈ 102.1413.981 ൌ 24.500 T ൈ m 

Conclusion: T଺ is less than the given torque (T ൌ 25T ൈ m). 
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3.2 Finite Element Analysis 

Output shaft, planet carrier (low-speed), planet carrier (high-speed) and the support 
body are the key components of the reducer. Their mechanical properties directly 
affect the reliability of the gear reducer safety work and performance. We need to 
analyze their mechanical properties using the ANSYS software. 

• Calculate the allowable stress [σ] 

According to the material mechanics knowledge, we can calculate the material  
allowable stress: ሾσሿ ൌ σୱn  

In the above formula: σୱ— stands for the allowable stress of the material n— stands for the safety factor 

The allowable stress of the key mechanical components of the new screw pile ham-
mers are shown in table1. 

Table 1. Allowable stress of the key mechanical components 

Name of each 
component 

Material Yield 
limit 
(MPa) 

Safety fac-
tor 

n 

Allowable 
stress 
(MPa) 

Output shaft 42CrMo 930 2 465 
planet carrier 
(low-speed) 

ZG42CrM
o 

490 2 245 

planet carrier 
(high-speed) 

ZG42CrM
o 

490 2 245 

Support body QT600-3 370 1.33 278 
Reducer housing Q235-A 235 1.33 177 

 

• Check the strength of the output shaft  

Build the three-dimensional finite element model of the output shaft using the solid45 
as element type and analyze the force of it. The stress drawing and displacement 
drawing are shown in figure1 and figure2. 
 

            

Fig. 1. Stress drawing of the output shaft     Fig. 2. Displacement drawing of the output shaft 
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Conclusion:σ୫ୟ୶ ൌ 161MPa ൏ ሾσሿ ൌ 465MPa, strength meet the requirements. 
Use the same methods to check other components’ stress and make sure their 

strength meet the requirements. 

4 Introduce of the Working Process of the Virtual Simulation 
Method Based on a Combination of Multi-software Platforms 

Take the virtual simulation of the new screw pile hammers as an example. The flow 
chart of the virtual simulation method is as follows in figure3:  

 

Fig. 3. Working process 
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3. Deal with the pictures of screw pile hammers and other relative pictures with the 
help of Photoshop, then get the required texture maps in the jpg format. 

4. Import the wrl files into 3dsMax, map and render the 3d models of the parts of the 
new screw pile hammers, then make the video and save it in the avi format. 

5. Record the sound that requires when the machine works in the environment of 
Cool Edit Pro and save it in the mp3 format. 

6. Import the video and the sounds into Video Studio Pro and approach them further 
and save the final video in the flv format. 

7. Use C++ language program in MFC framework to make the simulation interface. 

4.1 Analyzes the Motion State of the New Screw Pile Hammers 

Observe and analyze the whole process in which the pile machine is transported, as-
sembled, constructed, disassembled and transported. At the same time, read the draw-
ings of the machine, learn about the joint state of each part, and especially take down 
the notes on their relative motion in different stages. After that, make a form. In order 
to help clients learn about the new type of machine directly and clearly, the function 
of the machine in reality is divided into four stages: assembly-pile-transposed con-
struction-disassembly. Organize the notes carefully and write the script of the simula-
tion flash. 

4.2 Build the 3D Models of the New Screw Pile Hammers Base on SolidWorks 

In the environment of SolidWorks, establish the 3d models of the parts of new screw 
pile hammers based on the calculation.  

There are two ways to establish the model-top to the bottom and bottom to the top. 
The aim here is to make simulation animation and the assembly process of some parts 
need to be done in 3dsMax, therefore we adopt the bottom to the top way to establish 
the models. That is to say, we disassemble the machine into individuals and establish 
them one by one. The newly-built 3d models should be imported to 3dsMax, so the 
models of the parts should be saved in the format of wrl. 

The models of those parts which need to be assembled in the 3dsMax should be 
saved in the format of wrl. Others can be assembled in the environment of Solid-
Works, the assembly models should be saved in the format of wrl. 

4.3 Make the Simulation Videos of Virtual Prototype Base on 3DsMax 

According to the written script, import the models into the environment of 3dsMax to 
make simulation animation.3dsMax is a commonly used software to make 3d video. 
During the process of virtual simulation, it is used to do the followings:  

• Set the working scene of the new screw pile hammers  

In order to achieve a convincing effect, we can set the working scene of the new 
screw pile hammers in the environment of 3dsMax, such as the ground with yellow 
soil, the street behind the site, the trees and the buildings in the city. Schematic dia-
gram is shown in figure4.  
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Fig. 6. Virtual simulation interface 

5 Conclusion 

This thesis uses the virtual simulation of the new screw pile hammers as an example, 
and puts forward a virtual simulation method based on a combination of multi-
software platforms. It focuses on the introduction to the working process of this  
virtual simulation method, achieves the goal of seamless connection of different soft-
ware, the build of 3d model of the pile hammer, and the production of the virtual  
pile hammer. Meanwhile, the virtual simulation of four processes demonstrates the 
functions of the new screw pile machine in different stages and the principle of piling. 
Compared with the traditional method, the new method is more flexible to modify and 
more authentic. 
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