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__________________________________________________________________________________________ 

Abstract: Based on PTC company's 3D design software, combined with top-down design 

technology, proposes a product virtual automatic assembly technology based on the plane, and 

through the analysis of assembly features, solved based on the planar assembly technology of 

assembly relationship and parts of offset problem. Combining Creo2.0 API function, VS2010 

as development environment, realized the automatic assembly of the bearing seat, verify the 

feasibility of the technology. 
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__________________________________________________________________________________________ 

1. INTRODUCTION 

Assembly technology not only plays an important role in product design and R&D, but also an 

important research direction for many universities and research institutes. The ability to 

accurately and efficiently implement product assembly has become an important factor that 

restricts product replacement. However, the current three-dimensional design software in the 

virtual assembly of products, cumbersome and complex manual assembly seriously reduces 

the product design efficiency [1]. Therefore, how to simplify the assembly process, increase the 

assembly speed, and then improve the product design efficiency has become an urgent problem 

to be solved today. 

2. VIRTUAL ASSEMBLY TECHNOLOGY 

2.1 Assembly definition.  

The stepless speed regulation devices commonly used on numerical control machine tools are 

DC or AC speed control motor. The power of DC motor is usually kept constant. It changes the 

current in the magnetic field by rasing the speed from the rated value to the maximum value to 

achieve the purpose of changing the speed. AC speed regulating motor is based on the method 

of adjusting the frequency of power supply. Therefore, in the case of no need of large power, 

AC motor is usually used. In this paper, suppose that the maximum value of design spindle 

speed of the machine tool is 4500 r/min, and the maximum value of the cutting power is 5.5kW, 
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so choose the BWSK-8 type AC spindle motor from Jiangsu Baofei Motor Manufactory, the 

highest speed is 4500r/min [3]. 

2.2 Classification of virtual assembly. 

According to the assembly sequence of the assembly and parts, the assembly design 

technology can be divided into two types: the bottom-up design and the self-oriented design. 

Bottom-up design refers to designing parts first, then importing the designed parts into the 

assembly and checking whether the assembly meets the design requirements. This kind of 

assembly design needs to give the restraint between the parts and the assembly frequently, the 

operation is difficult, and the situation of under-constrained or over-constrained occurs easily. 

Self-orientation refers to: In the initial stage of product design, according to the basic functions 

and requirements of the product, a basic skeleton is built on top of the design, which is called 

“top-level basic skeleton”, and the subsequent design process is basically The "top-level basic 

skeleton" is based on the process of copying, modifying, refining, perfecting, and finally 

completing the entire design process [4]. 

2.3 Classification of virtual assembly. 

Although there is no accurate definition of the assembly feature, the assembly features can be 

classified according to the function: the main feature and the auxiliary feature [1]. The main 

feature can be thought of as the face, edge, and point generated when designing the part. The 

auxiliary feature can be considered as the manually added reference plane, reference axis, 

reference point, and reference coordinate system when designing the part (component). 

2.4 Part positioning principle. 

During the assembly process, it is necessary to specify the assembly characteristics of the 

assembly and the parts (components) and their assembly relationships. According to the 

assembly features and their assembly relationships, the parts (components) are moved and 

rotated to the assembly position to complete the assembly process [5]. Its position in the 

assembly can be expressed by the formula [p']=[T][p], where [p'], [T], and [p] are each a 4x4 

matrix. [p’] represents the position of the part in the assembly; [p] represents the initial position 

of the part in the assembly and is generally defined as a unit matrix; [T] refers to the 

transformation matrix, which controls the movement and rotation of the part. By changing the 

transformation matrix for each part, you can determine the position of the part in the assembly 

and complete the assembly. 

3. THE PRINCIPLE BASED ON THE REFERENCE PLANE ASSEMBLY 

3.1 Assembly datum. 

The assembly datum is the plane that serves as the reference during the assembly process. Parts 

or components have a reference coordinate system O_XYZ. Considering that the degrees of 

freedom required for the parts in the assembly are different, the planes that need to participate 

in fitting are also different, but up to three mutually perpendicular planes in the parts 

(components) can fully position the parts (components). Automatic assembly based on the 

reference plane matches the reference plane on the part with the reference plane on the 
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assembly and automatically generates a transformation matrix. According to the generated 

transformation matrix, the software automatically transforms the part to the place where it 

needs to be assembled, and finally realizes the automatic assembly function. 

3.2 Assembly Component Path Object Acquisition. 

The acquisition of the assembly path object is an important step to achieve the assembly. 

Croe2.0 adopts a multi-branch tree structure at this stage. This structure is characterized by the 

use of recursive calls, starting from the bottom up query, each step up query will produce a 

unique identification number, through a series of identification numbers can be expressed in 

the parts (sub-components) of the path. 

3.3 Handling of offset problems between assembly components. 

When designing a part, due to the different locations of the parts in the assembly, it cannot be 

guaranteed that the default plane of the parts and the default plane in the assembly can fully 

meet the requirements. Generally, two methods are used to solve this problem. A skeleton 

model is used to add N sets of planes to an assembly. N is the number of parts (components). 

The default plane in the part is respectively constrained with the N group of planes; the other is 

determined at the beginning of product design. The position of the part, by designing three 

mutually perpendicular planes in the part, constrains these three planes to the default plane in 

the assembly. 

4. VIRTUAL AUTOMATIC ASSEMBLY IN CREO2.0 IMPLEMENTATION 

Prior to product design, an external application should be connected to Creo 2.0. The 

established steps are generally: new construction, environment setting, code writing, 

information file writing, registration, and operation [6]. 

Now take the split bearing housing as an example to verify the feasibility of this technology. 

The bearing housing is designed using a combination of bottom up and self-orientation. The 

bearing seat mainly consists of a bearing seat upper cover, a bearing seat lower cover and a 

connector. After analyzing the specific functions of the bearing housing, the size, shape, and 

position of its assembly parts are determined based on the size of the shaft and the bearing. 

Design the required parts in the part design environment and determine the position of the 

constraint datum plane based on the location of the parts in the assembly. Then enter the 

assembly environment, start the development of a good automated assembly module, complete 

the assembly. 

5. CONCLUSION 

This article introduces a virtual assembly idea based on a datum plane. Combined with virtual 

assembly technology and secondary development technology, Creo2.0 is used as the carrier to 

realize the virtual automatic assembly of the bearing seat. This greatly shortens the product 

development cycle, reduces product costs, and increases product competitiveness. 
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