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Optimization Design of Refrigerator Turnover
Beam Based on CAE Simulation Technology

Li Qiuli1, Li Yan2, Zhao Yonghao1(&), Li Hailin1, and Luo Hui1

1 School of Mechanical and Electrical Engineering, Guangzhou City
Construction College, Guangzhou 510925, Guangdong, China

enjoily@126.com, xiaolin1600@tom.com,

935748819@qq.com, yanyan9823@163.com
2 School of Business, Beijing Institute of Technology, Zhuhai, Zhuhai 519088,

Guangdong, China
aya-z@tom.com

Abstract. In the current design of refrigerator turnover beam, it mainly
depends on the experience of structural engineers. The overturned beam often
has problems such as bending, large assembly gap, large overturning resistance
and condensation. The mold needs to be changed repeatedly, extending the
product design cycle and increasing the verification cost. It will also bring
market complaints and increase the cost of after-sales maintenance. Through the
CAE simulation technology, the structure simulation analysis, thermal stress
simulation analysis and rotation simulation analysis of the refrigerator turnover
beam are carried out, and the targeted optimization design of the refrigerator
turnover beam can shorten the design cycle, reduce the design defects of the
refrigerator turnover beam, and improve the reliability of the refrigerator turn-
over beam.

Keywords: Refrigerator � Turnover beam � CAE � Structure simulation �
Thermal stress simulation � Rotation simulation � Optimization design

1 Introduction

At present, the turnover beam of refrigerator is mainly designed according to the
experience of structural engineer. The turnover beam designed often has problems such
as bending of the turnover beam, large assembly gap, large turnover resistance, inad-
equate turnover, condensation of the turnover beam, etc. it needs to be repeatedly
verified and changed the mold, which prolongs the product design cycle and increases
the product development cost. With the increasing sales volume of large volume door-
to-door refrigerators, as a key component of door-to-door refrigerators, it is particularly
important to improve the design reliability of the flip beam of refrigerators and shorten
the design verification cycle of the flip beam. CAE simulation analysis technology is
more and more widely used in the field of home appliances, and the technology is
becoming more and more mature. CAE technology is used to simulate and analyze the
turnover beam of refrigerator. According to the simulation results, the rationality of the
structure of the turnover beam is evaluated in advance. The optimization design of the
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turnover beam can greatly shorten the design cycle of the turnover beam of refrigerator
and the verification cycle of opening mold, and improve the reliability of the design of
the turnover beam. 2 Technical flow chart (Fig. 1).

2 Structure Simulation

The two ends of the overturned beam are constrained, and the virtual load is applied in
the middle to analyze. The results are shown in Figs. 2 and 3.

Initial structural design of rotating beam 

GAE Analysis of part model 

Output GAE Analysis Report 

Judge whether the structure
is reasonable according to the 

rigidity of transfer beam, thermal 
analysis deformation and rotating 

opening force of GAE 
Analysis Report 

Conduct product structure sample inspection 

Confirm product status production 

Structural optimization 

YES

NO

Fig. 1. Technical flow chart

Fig. 2. Simulated stress cloud chart of turn-
over beam structure

Fig. 3. Simulation deformation cloud chart of
turnover beam structure
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3 Thermal Stress Simulation

According to the actual use environment of the rotating beam, different temperatures
are applied to the inner and outer sides of the rotating beam, and the bending amount of
the rotating beam caused by the temperature difference between the two sides of the
rotating beam is simulated. The simulation results are shown in Fig. 4 below.

4 Rotation Simulation

According to the actual use of the turnover beam, the movement process of the rotating
beam during the opening and closing of the door is simulated and analyzed, the model
is simplified, the contact, constraint and rotation displacement are applied, and the
stress nephogram during the opening of the door is shown in Fig. 5 below, and the
curve of the opening force with the opening angle during the opening of the door is
shown in Fig. 6 below.

Fig. 4. Cloud chart of thermal stress simulation deformation of turnover beam

Fig. 5. Simulated stress cloud chart of turning beam
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5 Structural Optimization

Combined with the structural analysis and thermal stress analysis of the deformation
and stress-strain distribution, the structural strength of the rotating beam is improved by
optimizing the structure of the notch, increasing the stiffener, increasing the flanging
height of the sheet metal, etc., the influence of the residual stress and the shrinkage
stress is reduced by optimizing the assembly clearance, optimizing the position of the
limit block of the rotating beam, etc., and the change curve of the opening force and the
The change of stress and strain in the process of opening the door, optimize the
structure of the rotary beam cam, the setting of the spring and the setting of the pulling
block. Carry out structural simulation analysis, thermal stress analysis and rotation
simulation analysis for the optimized turnover beam again, and get the structural
simulation deformation cloud diagram as shown in Fig. 7, the thermal stress simulation
analysis deformation cloud diagram as shown in Fig. 8, and the rotation simulation
door opening force angle curve of the turnover beam as shown in Fig. 9.

Fig. 6. Change curve of simulation door opening force of turning beam

Fig. 7. Simulation deformation cloud chart of
the optimized turnover beam structure

Fig. 8. Simulated deformation cloud chart of
thermal stress of optimized turnover beam
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6 Result Processing and Analysis

The comparison of simulation data before and after optimization is shown in Table 1.
According to the simulation analysis results, the strength of the optimized overturned
beam structure is greatly improved, the bending deformation is greatly reduced, and the
opening force is also greatly reduced. It can meet the use requirements.

7 Conclusion

It can be seen from the simulation and test data that the bending degree of the opti-
mized turning beam is reduced by 53.4% compared with the original turning beam.
Under the premise of ensuring the self-locking force and turning force of the rotating
beam, the opening force is reduced by 20.5%. The error between simulation results and
test results is about 8%, which is acceptable. Under the guidance of CAE simulation
analysis results, targeted optimization of the turnover beam structure greatly improves
the structural performance and use experience of the turnover beam, shortens the
development and verification cycle, improves the design and development efficiency,
and ensures the reliability of the turnover beam structure.
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Fig. 9. Change curve of opening force with opening angle after optimization of turnover beam
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基于 CAE 仿真技术的冰箱翻转梁优化设计 

 

李秋力   李彦    赵永豪   李海林  罗辉 

（广州城建职业学院，广东广州 510925） 
 

摘要：在目前的冰箱翻转梁设计中，主要依靠结构工程师的经验。翻转梁经常出现弯曲、

装配缝隙大、翻转阻力大、凝露等问题。需要反复更改模具，延长了产品设计周期，增加

了验证成本。也会带来市场投诉，造成售后维护成本的提高。通过 CAE 仿真技术对冰箱翻

转梁进行结构仿真分析、热应力仿真分析、转动仿真分析，有针对性的对冰箱翻转梁进行

优化设计，可以缩短设计周期，减少冰箱翻转梁设计缺陷，提高冰箱翻转梁的可靠性。 

关键词：冰箱；翻转梁；CAE；结构仿真；热应力仿真；转动仿真；优化设计 

1引言 

目前的冰箱翻转梁主要是依据结构工程师的经验进行设计，设计出的翻转梁经常出现

转梁弯曲、装配缝隙大、 翻转阻力大、翻转不到位、转梁凝露等问题，需要反复验证、更

改模具，延长了产品设计周期，增加了产品开发成本。随着大容积对开门冰箱的销量越来

越大，作为对开门冰箱的关键零部件，提高冰箱翻转梁的设计可靠性、缩短翻转梁的设计

验证周期显得尤为重要。 

CAE 仿真分析技术在家电领域的应用越来越广泛， 技术也日趋成熟。利用 CAE 技术对

冰箱翻转梁进行仿真分析,根据仿真分析结果提前评估翻转梁结构的合理性， 有针对性的

对翻转梁进行优化设计，可以极大地缩短冰 箱翻转梁的设计周期及开模验证周期，提高翻

转梁设计的可靠性。 

2产品设计优化流程 

如图 1 所示,优化流程采用闭环形式，通过 CAE 仿真模拟，分析结构缺陷，优化设计

后，重新进行 CAE 分析，进行验证，通过循环递进分析验证，获得合理结构。 



 

 

 

图 1 技术流程图 

3结构仿真 

翻转梁两端约束，中间施加虚拟载荷进行分析得到结果，如下图 2、图 3所

示。 

 

图 2  翻转梁结构仿真应力云图 

 
图 3  翻转梁结构仿真变形云图 



 

 

4热应力仿真 

根据转梁实际使用环境，给转梁内、外两侧分别施加不同的温度，仿真翻转

梁两面的温度差造成的翻转梁弯曲量，得到仿真结果如图 4所示。 

 

图 4 翻转梁热应力仿真变形云图 

5转动仿真 

根据翻转梁实际使用情况，仿真分析转梁在开门和关门时的运动过程，简化

模型，施加接触、约束、转动位移，得到开门过程中的应力云图如图 5所示， 

 
图 5    翻转梁转动仿真应力云图 



 

 

开门过程中的开门力随开门角度的变化曲线如图 6所示。 

 

图 6    翻转梁转动仿真开门力变化曲线 

6结构优化 

结合结构分析和热应力分析变形量及应力应变分布情况，通过优化缺口处结

构、增加加强筋、增加钣金翻边高度等方案提高转梁结构强度，通过优化设计装

配间隙、优化转梁限位块位置等方案削弱残余应力及收缩应力的影响，结合转动

仿真分析的开门力变化曲线及开门过程中的应力应变变化情况，优化转梁凸轮结

构、优化 弹簧设置、优化拔动块设置。对优化后的翻转梁再次进行结构仿真分

析、热应力分析、转动仿真分析，得到结构仿真变形云图如图 7所示。热应力仿 

 

图 7 优化后翻转梁结构仿真变形云图 



 

 

真分析变形云图，如图 8 所示，翻转梁转动仿真开门力-角度曲线如图 9 所示。 

 
图 8  优化后翻转梁热应力仿真变形云图 

 

图 9    优化后翻转梁转动仿真开门力变化曲线 

7结果处理分析 

优化前后仿真数据对比如表 1所示。 

表 1 翻转梁优化前后仿真数据对比 

结构分析变形 对比 热分析变形 对比 转动仿真开门力 对比 

原翻转梁 2.1  1.14  13.17  

优化后翻转梁 1.084 降低 48.7% 0.5204 降低 54.4 % 10.47 降低 20.5%

根据仿真分析结果，优化后的翻转梁结构强度比原 翻转梁有了较大幅度的

提高，弯曲变形有较大幅度的降低，开门力也有较大幅度的降低，可以满足使用

需求。 

8结论 

由仿真对比数据和测试对比数据可见.优化设计后的翻转梁弯曲度与原转梁



 

 

相比减小了 53.4 %。在保证转 梁自锁力及翻转力的前提下，开门力降低 20.5%。 

通过试验验证，仿真计算结果与试验结果误差在 8%左右，在可接受范围内。

在 CAE 仿真分析结果的指导下，有针对性的优化翻转梁结构，大幅提高了翻转梁

的结构性能及使用体验， 缩短了开发验证周期，提升了设计研发效率，保证了

翻转梁结构的可靠性。 
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ABSTRACT: In order to explore the role of machine vision technology in the positioning 

and grabbing of industrial robots, the application of machine vision image extraction 

technology in industrial robot positioning and grabbing was studied through experiments and 

analysis methods. The Gaussian filtering method was mainly used to smooth the image. On this 

basis, the edge extraction of the target object image was performed by Canny operator edge 

detection. The robot arm grab point was determined by binocular three-dimensional positioning 

coordinates, and then the PID (Proportion Integral Differential) position algorithm was used to 

analyze the dynamic positioning control of the robot. The results showed that the vision-based 

industrial robot positioning and grabbing technology can improve the recognition efficiency 

and grasping efficiency of industrial robots, which is superior to the traditional industrial robot 

positioning and grabbing function. In summary, the introduction of machine vision functions 

into industrial robot systems and for industrial production can improve the automation, 

intelligence and efficiency of industrial production, and has good industrial practical use value. 

KEYWORDS: Industrial Robot; Positioning and Grabbing; Vision; Edge Detection; PID 

 

1 INTRODUCTION 

Industrial robots are machine devices that 

perform work tasks according to pre-programmed 

program codes, and have been widely used in the 

industrial field [1]. For example, it is applied in 

product line assembly, parts sorting, welding, 

loading and unloading, etc. Industrial robots can 

replace humans in some dangerous environments, 

repetitive high-tech scenes, reducing labor costs 

while improving the quality and efficiency of 

production. However, with the increasing 

complexity of the production environment, the 

requirements for the use of robots are also 

increasing. When positioning and grasping, in order 

to achieve the production tasks that are difficult and 

difficult to successfully complete the process, it is 

necessary to improve the industrial robot process 

system and design to add more automated 

processing functions [2]. The positioning and 

grabbing process requires the use of visually 

relevant techniques such as detection recognition, 

positioning, and dynamic tracking. 

Vision-based industrial robot positioning and 

grabbing technology is a new functional technology 

application that combines machine vision 

technology with robot motion technology [3]. If 

make robots to replace human work well, the first 

thing to do is to let them be able to "see". Machine 

vision is the eye of an industrial robot. It processes 

and analyzes the image information acquired by the 

camera [4] to form the position of target object, and 

then leads the industrial robot to operate the 

corresponding tracking and grabbing actions. For 

robots, machine vision gives its sophisticated 

computing system and processing system [5], 

simulating the way of bio-visual imaging and 

information processing, allowing robot arm to 

perform more anthropomorphic and flexible 

operations [6] while simultaneously identifying, 

comparing, and processing scenes, to generate 

execution instructions, and then complete the action 

in one go. Machine vision is decisive for the 

flexibility and operability of robots. 

In summary, this paper took the promotion of the 

grabbing efficiency of industrial robots as the 

direction of efforts, and increased the application 

function of industrial robots by using machine 

vision technology, which makes industrial robots 

have better flexibility and can further improve the 

working efficiency, application range and intelligent 

automation level of industrial robots. 

2 RESEARCH STATUS 

2.1 Extraction of vision system images 

The machine vision system refers to extracting 

an image through machine vision, and then 

digitizing the image in a system processing unit, 

and determining the size, shape, and the like 

according to information such as pixel distribution 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.17, ISSUE 3/2019 

138 

and brightness, and then controlling the device 

operation at the site based on the result of the 

determination. In order to realize the machine eye 

function similar to the human eye function, it is 

necessary to optimize the image clarity and 

integrity. After all, the main information data is 

derived from the original image [7]. The filtering 

processing technology is to weaken the noise in the 

image obtained by camera, so that the image retains 

more key information, and the image quality is 

improved, and the validity and reliability of the 

image as a basis for subsequent technologies are 

guaranteed [8]. The Gaussian filtering method was 

used to eliminate interference in the image in this 

study. In addition, gray processing needs to be 

carried out for the image, that is, image 

enhancement, the color photo was converted into 

black and white grayscale display. This method can 

enhance the contrast ratio of the selected object, so 

that the target object has a stronger layering and 

highlighting. The edge-based image detection 

method mainly uses the difference value between 

the pixel value of the edge of the target object and 

the pixel value of the background image to extract. 

Machine vision is widely used in industrial 

manufacturing. The characteristics of machine 

vision mainly include: firstly, high precision, which 

means that it can adapt to complicated processes 

and mass of fine processing steps, and there is no 

wear and tear on fragile components; secondly, 

flexibility, which means that it can capture a variety 

of different images and adapt to different functions. 

Thirdly, the cost is low, and as the price of 

computer processors decreases, the cost of machine 

vision systems also decreases. The fourth is high 

continuity. It can be used in place of people for 

continuous operation. 

The application process of machine vision 

includes image acquisition, image processing, 

feature extraction, decision and control. Among 

them, image acquisition is to use the camera to 

acquire the image of the measured object [9], and 

convert the image and the intrinsic features into data 

that can be processed by the computer. Image 

processing is the processing of image enhancement, 

smoothing, edge sharpening, segmentation and 

other content. Feature extraction is a key feature 

that the processor recognizes and quantifies image, 

and then passes the data to the control program. 

Decisions and controls are based on data received 

by the processor. The application process is shown 

in Figure 1. 

Image acquisition Image processing Feature extraction
Judgment and 

control

Application process 

of machine vision

Filtering processing
Gray processing 

(image enhancement)
Binary Processing

 
Figure. 1 Machine vision application process 

 

 

Image preprocessing technology can reduce the 

noise in the image and maintain the image with 

clear quality [10]. Gaussian noise is one of the 

common noises. There are many ways to remove 

noise. The elimination effect of various methods is 

not the same. Gaussian filtering was used to denoise 

in this study. Gaussian filtering is a linear 

smoothing filter that is suitable for eliminating 

Gaussian noise and is widely used in the noise 

reduction process of image processing. In fact, 

Gaussian filtering is a process of weighting and 

averaging the entire image through a Gaussian 

function. The value of each pixel is obtained by 

weighted averaging of itself and other pixel values 

in the neighborhood [11]. Gaussian filtering is 

performed by using a Gaussian filter, which 

converts the noise signal in the image into a high-

frequency signal, calculates the weight and 

performs denoising by linear convolution. The 

specific operation of Gaussian filtering is to scan 
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each pixel in the image with a template and replace 

the value of the center pixel of the template with the 

weighted average gray value of the pixels in the 

neighborhood determined by the template. Gaussian 

filtering is a signal filter whose purpose is to 

smooth the signal. The filter is a mathematical 

model that is used to transform the image data into 

energy. The noise belongs to the high frequency 

part, and the Gaussian filter smoothes the noise to 

reduce the effect. 
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Equation (1) is an expression of Gaussian noise, 

in the equation the parameters include: μ represents 

the expected value,   represents the standard 
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Equation (2) is an expression of image Gaussian 

filtering. Combined with the actual processing of 

the image, the Gaussian filtering method can 

remove the image interference noise on the basis of 

ensuring the original image feature as much as 

possible, and has a small image edge ambiguity. 

The edge of the image is composed of some 

discontinuous gray values of the pixel. The edge of 

the image is the basic feature of the image. It is a 

collection of pixels that are not continuous with the 

grayscale of the neighborhood or have a sharp 

change in grayscale. It contains most of the key 

information of the image. The purpose of edge 

detection is to identify points in the digital image 

where the brightness changes significantly, and 

edge detection can effectively reduce the total 

amount of computation during image processing. 

Therefore, edge detection is a crucial part of image 

analysis processing and target recognition systems 

[12]. The edge detection technique generally detects 

the features by solving the first-order, second-order 

derivatives or gradients of the gray values of the 

pixels in the neighborhood, and analyzes whether 

the gray level of the image has a large variation to 

detect the edge of the image. The edge detection of 

the image is to weaken the background part and 

highlight the edge features of the target object [13]. 

There is a large gray value gradient amplitude at the 

edge of the image, so the maximum local amplitude 

of the gray gradient can be calculated to extract the 

edge points. Further, the contour of the target is 

obtained by tracking the straight edge of the pixel. 

The Canny edge detection operator is a multi-level 

edge detection algorithm. It is a multi-stage 

optimization operator with filtering, enhancement 

and detection. The implementation steps are as 

follows: first input the image, then perform 

Gaussian smoothing, then the gradient calculation, 

non-maximum suppression, finally double threshold 

detection, edge image. In order to satisfy the 

algorithm to identify the actual edges in the image 

as much as possible, and the identified edges should 

be as close as possible to the actual edges, Canny 

uses a variational method that closely approximates 

the first derivative of a Gaussian function for the 

possibility of image noise that may not exist to 

identify edges. Gaussian filtering smoothing is 

required in the Canny operator. The edge gray level 

change of the two-dimensional image can be 

represented by a gradient, and the first derivative 

also corresponds to the gradient operator. The two-

dimensional image f(x, y), the gradient operator of 

the pixel at (x, y) can be represented by a vector, 

and the expression is expressed as equation (3): 
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The gradient is used as the edge detection 

operator, the mode of the gradient is the edge 

intensity, and the direction angle of the gradient is 

the direction of the edge. Equation (4) is the 

direction angle of the gradient. 
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After Gaussian filtering was used to smooth the 

image, noise interference was removed, image 

enhancement was realized, image and background 

values were separated, and then Canny edge 

detection operator was used to extract image edges 

and highlight image edge features. The Canny 

operator can be approximated by the first derivative 

of the Gaussian function and is the optimal solution 

of the product of the localization and the signal-to-

noise ratio. This operator subtly converts the edge 

detection problem into the problem of finding the 

extreme point of the unit function. The five steps of 

the processing flow of the Canny edge detection 

algorithm are as follows; 

First: Use a Gaussian filter to smooth the image 

and filter out noise. 

Second: Calculate the gradient strength and 

direction of each pixel in the image. 

Third: Apply non-maximum suppression to 

eliminate spurious responses from edge detection. 

Fourth: Apply dual threshold detection to 

determine real and potential edges. 

Fifth: Edge detection is finally completed by 

suppressing the weak edges of isolation. 

The Canny operator edge detection method has 

obvious effect on image edge extraction, which 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.17, ISSUE 3/2019 

140 

makes the target object different from other parts of 

the color, and the extraction of weak edge 

information is relatively complete and obvious. The 

Canny operator is less affected by noise, and the 

detected edges are continuous and the edges are 

clear. 

2.2 Target tracking position control 

The three-dimensional positioning directly 

determines the accuracy in the grabbing. The 

binocular stereo vision can obtain the three-

dimensional geometric coordinate information of 

the target object in the stereoscopic scene, which is 

equivalent to positioning the target object and 

providing the machine coordinate basis for the 

subsequent grabbing. Compared with two-

dimensional image information, the three-

dimensional positioning coordinate technology is 

suitable for large and complex production 

requirements in the industry, and realizes object 

grabbing of various types of shapes and sizes. The 

left and right cameras respectively collect image of 

the target object at different angles, and extract the 

feature according to the acquired image information 

and image library generation information. Then, the 

matching and recognition of the two are performed, 

and then the contour extraction is performed, and 

then the parallax calculation of the left and right 

camera images is performed, and the left and right 

double targets are determined, and finally the target 

positioning is achieved. And the left and right 

camera coordinates of the object were obtained. The 

binocular visual image plane forms a triangle with 

the target object image plane. On the basis of the 

known left and right camera image position 

information, the three-dimensional coordinate size 

of the target object can be obtained, as shown in 

Table 1 below: 

Table 1 3D coordinates of the target object 

No. Left camera Right camera Three-dimensional coordinates 

1 254,104 155,107 1.63,92.11,38.95 

2 198,127 94,122 65.45,82.41,38.98 

3 239,156 161,152 11.13,50.24,11.46 

… … … … 

 

After obtaining the three-dimensional 

coordinates of the target object, the end effector of 

the robot performs a movement process from one 

point to another. The four-degree-of-freedom robot 

can control the position and speed requirements of 

the robot by controlling the joints of the robot arm. 

Joint motion control is accomplished in two steps, 

first with the completion of the joint motion servo 

command, transforming the motion of the position 

and posture of the end effector in the workspace 

into a time series represented by the joint variable 

or as a function of the joint variable as change of 

time. The servo control of the four joint motions is 

then completed, that is, the joint variable servo 

command generated in the first step is followed. 

The computer sends a control command, and the 

four joint axes can independently set parameters to 

exchange data with the motion controller and form a 

bridge of communication between the two. And the 

motion controller transmits the current motion 

position, velocity and acceleration information to 

the digital servo motor, then a control signal is 

generated in comparison with the actual position to 

initiate accurate position control. The structural 

parameters of the robot arm are shown in Table 2 

below: 
Table 2 Structural parameters of the robot arm 

Parameters Symbol 

Motor frequency per revolution P Value 

Screw pitch L(mm/r) 

Ratio of transformation n (When the motor is directly connected to the lead screw, 

n=l) 

Target location Pos(plusc) 

Target speed Vel(Pluse/ST) 

Target acceleration speed A.cc(Plusc/ST
2
) 

Control cycle ST T(/μs) 

 

The joint of the robot arm and the end position 

of the robot arm of industrial robot were taken as 

the starting point for positioning and grabbing. In 

the robot arm motion control, the inversion motion 

is performed according to the three-dimensional 

coordinate data, the target position of each joint is 

obtained, and the joint motion is controlled, so that 

the end effector of the robot obtains the trajectory of 
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the motion route according to the joint, and the 

positioning and grabbing of the robot is ensured. 

The robot end point error and the rotation angle 

error of the arm joint are all declining, as shown in 

Figure 2. 
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Figure. 2 End point and rotation angle error of robot arm 

 

When the object is dynamically tracked, the PID 

algorithm can be used to realize dynamic tracking 

of the conveyor belt and dynamic monitoring of the 

target. The PID (Proportion Integral Differential) 

controller is the most widely used industrial 

controller. In the controller, the unit P is the basis of 

PID control; the unit I plays the role of eliminating 

the steady state error, but may increase the 

overshoot; unit D can increase the inertial response 

speed and weaken the overshoot. In the industrial 

automation production, according to the position 

information of the target, the robot arm trajectory is 

planned to realize dynamic and effective grabbing. 

After determining the grabbing position of the 

target, it is necessary to adjust the position between 

the robot arm and the conveyor belt target in real 

time. The conveyor belt is arranged in the XOY 

plane of the robot arm coordinate system, and the 

dynamic grabbing process only needs real-time 

tracking in the XY direction.  

After the camera captures the image of the target 

object and then performs image pre-processing, 

since the target object is dynamically moving on the 

conveyor belt, the target has two positions, one is 

the current initial position Z1 of the target object, 

and the other is the intended grab position Z2 after 

the dynamism. The coordinates of the robot arm and 

the target object are calculated, and the X and Y 

components of the coordinate are used as the basis 

for controlling the grasping position Z2 of the 

industrial robot arm. By continuously adjusting the 

speed, position and other elements of the robot arm 

and the conveyor belt, the error between the robot 

arm and the conveyor belt is reduced, and according 

to the real-time situation, the difference between the 

coordinate Z2 of the intended grabbing position and 

the coordinate of the robot arm in the XOY plane is 

continuously reduced, so that The square is more 

matched, and when the position and speed of the 

robot arm and the target are agreed upon, the 

accurate grasping action is completed. The PID 

algorithm can be used to reduce this error. 
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In the PID time domain control expression 

equation (5) of PID control algorithm, m (t) refers 

to the control output, kp refers to the proportional 

coefficient, Ti and Td refer to the integral time 

constant and the differential time constant, 

respectively, and the addition in braces represents 

the proportional control term, the integral control 

term and the sum of the differential control terms. 

Proportional P control is one of the simplest 

control methods, which makes the output of the 

controller proportional to the input error signal. 

When there is only proportional control, the system 

output has a steady-state error. Both the integral I 

control and the differential D control are the control 

of the deviation. In the I control, the output of the 

controller is proportional to the integral of the input 
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error signal. In order to eliminate the steady-state 

error, the “integral term” must be introduced. The 

relative error of the integral term depends on the 

integral of time, and the integral term will increase 

with time. It pushes the controller's output up so 

that the steady-state error is further reduced until it 

equals zero, leaving the system with no steady-state 

error after entering steady state. The D control 

makes the output of the controller proportional to 

the differential of the input error signal (the rate of 

change of the error). It can predict the trend of error 

variation, adjust the mutation in advance, solve the 

lag problem, and improve the dynamic response 

speed. The P+D controller can make the control 

effect of the suppression error equal to zero or even 

a negative value in advance, thereby avoiding the 

serious overshoot of the controlled quantity and 

improving the dynamic characteristics of the system 

during the adjustment process. 

During the dynamic grabbing process of the 

robot arm, the robot arm and the target object will 

change in the XOY plane of the conveyor belt. The 

dynamic response change is made according to 

equation (5). The system response error during the 

dynamic grabbing process is as shown in Figure 3, 

indicating that the previous error margin is 

concentrated. As time increases, the displacement 

error of the robot arm and the target object tends to 

zero, which realizes the unification of the two 

positions and facilitates subsequent grabbing. PID 

position control technology is used for dynamic 

tracking and dynamic monitoring of target objects, 

which can adjust parameters to achieve dynamic 

response of moving targets, and improve dynamic 

picking efficiency in industrial production and 

manufacturing. 

3 RESULTS AND DISCUSSION 

As can be observed from Figure 2, the end error 

of the arm and the rotation angle of the joint are 

both declining, and the end point error directly 

affects the result of the grab. The decrease of the 

error indicates that the visual-based industrial 

robotic robot arm has higher grabbing accuracy. 

It can be observed from Figure 3 that in the 

dynamic grabbing process, at the early stage of 

positioning and tracking of industrial robots and 

target objects, the displacement error between the 

robot and the target object is large, and the error 

amplitude fluctuates greatly. As time increases, the 

actual distance between the two is reducing, and the 

displacement error gradually approaches 0, which 

means that the position of the robot and the target 

object is unified, and then the positioning and 

grabbing is completed, indicating that the industrial 

robot based on PID position control under machine 

vision can achieve accurate positioning and tracking 

and grabbing in dynamic. 
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Figure. 3 Response error of dynamic grabbing process system  

 

In Figure 4 is an error diagram after adjusting 

the differential time constant parameter in Figure 4 

twice. It can be observed from the figure that after a 

small amplitude adjustment, the position error tends 

to approach 0 faster. The application of PID 

position algorithm control reduces the range of the 
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fluctuation range of the error value and reduces the 

time taken for the fluctuation, which can tend to be 

stable more quickly and enhance the system 

response performance. It is shown that the vision-

based industrial robot can reduce the coincidence 

time with the target object during dynamic 

positioning and grabbing, which is beneficial to the 

positioning and grabbing. 
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Figure. 4 Position error after adjusting parameters in the dynamic grabbing process 
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Figure. 5 PID tracking and grabbing of dynamic targets 

 

As shown in Figure 5, in the PID dynamic target 

tracking, the black square curve and the red triangle 

curve table represent the motion trajectory curve of 

the target object and the motion trajectory curve of 

the robot. The two intersect at a time position of 

0.9s, indicating that the robot arm of the industrial 

robot meets the target object at this time, which is 

also the time point for performing the positioning 

and grabbing. When the motion state of the target 

object changes with time, the distance between the 

robot arm and the target object in the position 

direction and speed is unified by continuously 

adjusting the distance between the robot arm and 

the target object, and then the grabbing action is 

performed. It shows that the dynamic position 
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tracking of PID based on machine vision has a good 

effect. 
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Figure. 6 Accumulated installation capacity of industrial robots in China in recent years (10,000 units) 
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Figure. 7 China's machine vision industry market scale (100 million CNY) 

 

Figure 6 shows the cumulative installation 

capacity of industrial robots in China in 2002-2018. 

Since 2003, the market share of industrial robots in 

China has risen linearly and is expected to maintain 

rapid growth, indicating that the use of industrial 

robots in China will increase. 

As shown in Figure 7, the scale of China's 

machine vision market has shown an upward trend 

in recent years. In 2014, it was about 1.88 billion 

CNY. In 2015-2017, the industry entered a stage of 

rapid development, and in 2017 it reached 4.2 

billion CNY. From 2016 to 2020, the growth rate of 

China's machine vision market is expected to 

remain above 20%, and the market space is 

growing. 

The application of machine vision technology to 

industrial robots is necessary to optimize the 

function of robots. The market-oriented industrial 

robot positioning and grabbing technology has a 
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large market demand and maintains a rapid growth 

trend. 

 It has good practical effects in industrial 

production, low cost of use and high production 

efficiency, which further meets the intelligent 

manufacturing needs of industrial automation 

production lines. 

4 CONCLUSION 

This study tries to solve the limitation of robot 

positioning and grabbing, and proposed a vision-

based robot positioning and grabbing method. By 

combining the machine vision system image 

processing technology with the industrial robot 

control technology, and pre-processing the acquired 

image to optimize the quality, the three-dimensional 

positioning of the target object was then realized. 

The Canny detection was then used to obtain good 

edge features of the target object, and then the PID 

position control was used to acquire the motion 

tracking of the target object. The results showed 

that the vision-based robot system had fast and 

accurate image recognition, and the positioning was 

smart and precise, and it had high industrial 

application value. This technology is an important 

symbol of industrial modernization and automation 

development, and is also a technical support for 

industrial enterprises to improve production 

efficiency. This technology not only expands the 

range of applications of industrial robots, but also 

enhances the adaptability and working ability of 

robots in the industrial field. The scale of machine 

vision industry and the cumulative installation 

capacity of industrial robots in China are growing 

rapidly. In actual production, visual-based industrial 

robots are needed to complete the positioning and 

grabbing work. Faced with the increasingly 

complex production requirements in the intelligent 

manufacturing process of industrial robots, further 

expanding the integration of various functions can 

be considered. In the subsequent optimization 

design, it is feasible to start from the robot multi-

arms and study the coordination of multiple arms to 

achieve better production efficiency of industrial 

robots. 
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高刚性轻量化轴承滚子无心磨自动
上下料装置的设计

傅洁琼1，刘桥方1，李海林1，杨其升2

( 1． 广州城建职业学院，广州 510925; 2． 洛阳喜峰机械有限公司，河南 洛阳 471000)

摘要: 用高强度的碳纤维为材料，以实现轴承滚子切入式无心磨自动上下料装置高刚性轻量化直线运动模组的

结构设计。并通过 CAE 辅助软件，对理论设计运动模组中重要零部件的负载能力进行分析，所得到分析结果

用于优化设计。最终，分析的理论成果及结构可从试验上得到验证，同时试验得出的结果也为 CAE 分析提供

了修正的数据和依据。
关键词: 滚动轴承; 滚子; 自动上下料装置; 高刚性; 轻量化

中图分类号: TH133． 33 + 2; TG580． 23 + 9 文献标志码: B 文章编号: 1000 － 3762( 2018) 12 － 0024 － 04

Design of Automatic Loading and Unloading Device for Centerless
Grinding of Ｒollers of Lightweight Bearings with High Ｒigidity

FU Jieqiong1，LIU Qiaofang1，LI Hailin1，YANG Qisheng2

( 1． Guangzhou City Construction College，Guangzhou 510925，China;2． Luoyang Xifeng Machinery Co． ，Ltd． ，Luoyang 471000，China)

Abstract: The carbon fibers with high strength are used as materials to realize structural design for liner motion module
of automatic loading and unloading device for plunge － cut centerless grinding of bearing rollers． The load capacity of
key parts in theoretically － designed motion module is analyzed by using CAE assistant software，and the analysis results
are used for optimal design． Finally，the analyzed theoretical results and structure are verified by experiments． The ex-
perimental results provide revised data and basis for CAE analysis．
Key words: rolling bearing; roller; automatic loading and unloading device; high rigidity; lightweight

1 无心磨上下料装置需求分析

1. 1 无心磨上下料装置的需求及动作说明

轴承滚子无心外圆磨床在轴承滚子生产中作

为主要加工设备，能提供稳定高效及高精度的外

圆加工。利用以直线运动模组为基础的机械手进

行自动上下料能显著地提高加工效率和加工稳定

性，同时也是自动化趋势发展的需求。分解其基

本动作流程为:

1) 双伺服插补将砂轮修成需磨削的滚子形

状;

2) 将热处理后的滚子依次放入上料槽中;

3) 由上料手( 气缸 + 空气吸盘) 抓起滚子;

收稿日期: 2018 － 08 － 01; 修回日期: 2018 － 08 － 26

4) 由直线运动模组将滚子准确移动至磨削工

位，气缸下行将滚子放入磨削区，气缸上行由直线

运动模组将上料手退回至上料槽上方( 准备抓起

下一个待磨削滚子) ;

5) 导轮进给磨削;

6) 导轮退回，下料手抓起磨削后的滚子由直

线运动模组组合件移动至下料槽上方，气缸下行

放下滚子。
1. 2 直线运动模组问题分析

现直线运动模组一般由基座、导向系统、传动

系统、电动机固定座、传动固定座等单元组成。材

料一般使用高强度铝合金或钢材料，传动系统用

滚珠丝杠传动，其运动精度与刚性虽能满足需求，

但存在体积及质量大的缺点，如行程为 600 mm 的

直线模组，质量约 25 kg( 不含驱动电动机) 。这样
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不仅占用较大的机台空间，而且对原无心磨床进

行大结构的改动，才能装置自动上下料直线运动

模组和下料机械手，同时会影响磨床后续的调试

与维护。
本设计优化了直线运动模组的结构设计与传

动系统，并使用铝合金和碳纤维材料，实现直线运

动模组小型化、高刚性和轻量化，并应用于无心磨

自动上下料装置中。

2 新型直线运动模组设计与分析

2. 1 直线滚珠导轨的设计分析

直线运动模组的核心部件为直线导向系统和

动力传动系统。本设计以广泛应用于直线导向系

统的直线滚珠导轨为模组基础，进行类型和型号

的选择和有限元分析。
2. 1. 1 直线滚珠导轨的选型

为达到小型上下料装置模组小型轻量目的，

综合考虑承载能力与稳定性，选择台湾 HIWIN 的

MGW15C2Ｒ830Z1P 加宽型微型导轨，其基本信息

与额定载荷见表 1［1］。
表 1 直线滚珠导轨基本信息与额定载荷

Tab． 1 Basic information of linear ball guide and rated load

参数 数值

导轨宽度 /mm 42
导轨长度 /mm 830
滑块宽度 /mm 60
组合高度 /mm 16

基本额定动载荷 /kN 6． 77
基本额定静载荷 /kN 9． 22

容许 x 向力矩 / ( N·m) 199． 34
容许 y 向力矩 / ( N·m) 56． 66
容许 z 向力矩 / ( N·m) 56． 66

2. 1. 2 直线滚珠导轨承载能力分析

对 MGW15C2Ｒ430Z1P 导轨部件各方向承载

能力进行有限元分析，其基本信息见表 2。
表 2 直线滚珠导轨的基本材料性能

Tab． 2 Basic properties of material for linear ball guide

参数 数值

质量 /kg 2． 4
体积 / cm3 312． 2

密度 / ( kg·m －3 ) 7 700
屈服强度 /MPa 6 204
张力强度 /MPa 7 238
弹性模量 /GPa 210

泊松比 0． 28

承载的有限元分析按实际需要模拟悬臂使用

场景，即将导轨的一端固定，另一末端的竖直和水

平方向按实际需求经验估计值 98 N 载荷进行分

析模拟，结果见表 3。由表可知，导轨在水平方向

刚性约是竖直方向刚性的约 18 倍，而应力也达到

了 4． 7 倍。
表 3 直线滚球导轨有限元分析结果

Tab． 3 Finite element analysis results of linear ball guide

参数
承载方式

竖直载荷 98 N 水平载荷 98 N
最大应力 / ( N·m －2 ) 10． 8 × 107 2． 8 × 107

最大变形 /mm 0． 338 0 0． 018 4
最大应变 3． 2 × 10 －8 1． 5 × 10 －8

2. 2 直线运动模组结构设计与分析

2. 2. 1 以直线滚珠导轨为基的结构设计

从上述直线导轨承载能力分析结果来看，其

在水平方向承载能力很强，而在竖直方向比较弱。
因此，需要通过结构件的优化设计进行竖直方向

的加强，并以简单巧妙的方法设计传动系统。
在一般情况下，承载方向与重力方向是一致

的，结合表 3 的有限元分析结果，需把导轨承载能

力强的水平方向承受载荷，所以将导轨宽面，即水

平方向倒置为竖直方向用来承受载荷，但原竖直

方向倒置而成的水平方向的承载力则需要加强。
在此，为达到上下料装置模组轻量化和高刚性的

目的，选择碳纤维复合材料为加强板材料来设计

横向板，在传动系统上则使用小巧实用的同步带

传动系统，将导轨固定座和电动机座融合成一个

零件，同时它也是此直线运动悬臂模组的固定基

板，而另一侧则将同步轮的惰轮组件和连接座融

合成一个连接板，皮带的张紧设计在电动机座一

侧。此设计方案极大地简化了结构，同时实现轻

量化与高刚性化，具体结构如图 1 所示。

图 1 直线运动模组设计结构图

Fig． 1 Structural design diagram of linear motion module

2. 2. 2 碳纤维加强板的设计与有限元分析

所使用的碳纤维加强板的长度与导轨的长度

均为 830 mm，厚度先设计为 15 mm，宽度为 75 mm，

保证其在水平方向的承载能力，以此加强其组合后

在导轨水平方向的承载能力。
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加强板的碳纤维复合材料选择东丽 T700，碳

纤维含量为 72%，树脂含量为 28%，其材料的基

本信息见表 4［2］。
表 4 碳纤维复合材料的物理性能信息

Tab． 4 Physical properties of carbon fiber composites

参数 数值

质量 /kg 1． 65
体积 / cm3 929． 4

密度 / ( kg·m －3 ) 1 770
屈服强度 /MPa 4 500
张力强度 /MPa 5 550
弹性模量 / GPa 185

泊松比 0． 307

承载能力的分析计算同样采用一端固定，末

端分别承受竖直方向和水平方向的载荷均为 98 N
为例，结果见表 5。

表 5 碳纤维加强板有限元分析结果

Tab． 5 Finite element analysis results of plate reinforced by
carbon fiber

参数
承载方式

竖直载荷 98 N 水平载荷 98 N
最大应力 / ( N·m －2 ) 20． 3 × 106 7． 0 × 106

最大变形 /mm 0． 420 0． 019
最大应变 8． 1 × 10 －5 2． 4 × 10 －5

通过分析，碳纤维加强板质量为 1． 65 kg，其

刚性要比直线滚珠导轨大 8 倍，其水平方向的刚

性承载能力是垂直方向的 21 倍，强度为 3 倍。
将此碳纤维加强板的水平面与直线滚珠导轨

的垂直面相结合，使该直线运动模组的承载能力

在竖直和水平方向都满足使用要求。
2. 3 直线运动模组的有限元分析

2. 3. 1 直线运动模组设计说明

为方便 CAE 软件计算，模拟分析将直线运动

模组中的基座、直线滚珠导轨、碳纤维加强板和惰

轮座作为一个整体进行有限元分析。其中基座和

惰轮座材料均为 6061 铝合金［3］，总质量约 9 kg，

其刚性模组三维结构如图 2 所示。

图 2 直线运动模组的整体有限元分析结构图

Fig． 2 Overall structure diagram of finite element analysis of
linear motion module

2. 3. 2 直线运动模组有限元分析

与上述的分析方式一样，采用固定块固定，末

端面分析以竖直方向和水平方向承受载荷的方式

进行分析模拟，结果如图 3 和图 4 所示。

图 3 竖直方向末端载荷 － 应力 /变形量关系

Fig． 3 Ｒelationship between stress /deformation － load at end

in vertical direction

图 4 水平方向末端载荷 － 应力 /变形量关系

Fig． 4 Ｒelationship between stress － deformation － load at

end in horizontal direction

从上述分析的结果来看，该直线运动模组在

垂直方向和水平方向完全可以承受 98 N 载荷，承

载能力和刚性方面完全可以得到保障。另外模组

在垂直方向的载荷或振动可以通过调整碳纤维加

强板的尺寸来解决。

3 实际应用

对于中小型轴承滚子( 特别是 Dw≤20 mm) ，

由于滚子小而精密，把高刚性轻量化的单导轨悬

臂式直线运动模组应用在无心磨上下料装置［4］，

在设备的实际使用中获得了显著的效果。具体有

以下 3 个方面: 1) 其单导轨悬臂的运动方式，可以

将机械手臂直接固定在砂轮架上，运行稳固可靠，

并且不会干涉设备的操作［5］; 2) 如需更换砂轮时，

其调试复位时间也大为缩短; 3 ) 经过高刚性轻量

化设计后，模组的质量由 25 kg 减至 10 kg，上下料

时的动作快速平稳，提升了加工效率。其具体实

际应用如图 5 和图 6 所示。
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图 5 自动上下料装置应用于轴承精密滚子无心磨床

Fig． 5 Automatic loading and unloading device for centerless
grinder for roller of precision bearing

1—上料槽; 2—复合碳纤维加强板; 3—支架; 4—砂轮架; 5—上料

手; 6—下料手; 7—驱动电动机; 8—传动同步带; 9—直线运动模

组; 10—导轮架; 11—床身; 12—下料槽; 13—气缸; 14—吸盘; 15—
工件; 16—导轮; 17—砂轮

图 6 应用于轴承生产中无心磨床自动上下料装置布局图

Fig． 6 Layout of automatic loading and unloading device of
centerless grinder used in bearing production

4 结束语

为实现轴承滚子切入式无心磨上下料装置直

线运动模组高刚性轻量化，本设计采用直线滚珠

导轨以优化导向系统，同时采用碳纤维板加强模

组水平方向的承载力。在结构上将 2 个主要支承

部件进行强度和刚性的相加，实现了水平和竖直 2
个方向的共同加强。使其在刚性、强度等力学性

能与传统直线运动模组相当的情况下，其总质量

仅为传统设计的 40%，而使用更为高效与灵活。
这种结构直线运动模组可以结合实际需求，借助

有限元分析，在实际机构设计中进行灵活的变更

与改进。
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国家标准委下达 2018 年第三批国家标准制修订计划
2018 年 9 月 27 日，国家标准委以国标委发［2018］60 号文下达了 2018 年第三批国家标准制修订计划。本批计

划中滚动轴承领域涉及的计划项目 6 项，如下表所示:

序号 计划编号 项目名称 制 /修订 采用国际标准 起草单位 项目周期

1 20181684 －
T － 604

滚动轴承 振动测量方法 第 1 部
分: 基础 修订

ISO 15242 － 1:
2015

杭州轴承试验研究
中心有限公司等 2 年

2 20181685 －
T － 604

滚动轴承 外圈上的止动槽和止动环
尺寸、产品几何技术规范( GPS) 和

公差值
修订 ISO 464: 2015 洛阳轴承研究所有

限公司等
2 年

3 20181686 －
T － 604

滚动轴承 振动测量方法 第 2 部
分: 具有圆柱孔和圆柱外表面的向心
球轴承

修订
ISO 15242 － 2:
2015

杭州轴承试验研究
中心有限公司等 2 年

4 20181687 －
T － 604

滚动轴承 振动测量方法 第 4 部
分: 具有圆柱孔和圆柱外表面的圆柱
滚子轴承

修订 ISO 15242 － 4:
2017

洛阳轴承研究所有
限公司等

2 年

5 20181688 －
T － 604

滚动轴承 振动测量方法 第 3 部
分: 具有圆柱孔和圆柱外表面的调心
滚子轴承和圆锥滚子轴承

修订 ISO 15242 － 3:
2017

洛阳轴承研究所有
限公司等

2 年

6 20181689 －
T － 604

滚动轴承 无内圈冲压外圈滚针轴承
外 形 尺 寸、产 品 几 何 技 术 规 范

( GPS) 和公差值
修订 ISO 3245 － 2015 洛阳轴承研究所有

限公司等 2 年
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一种挤压半空心铝型材的遮盖式一模双孔

分流模的结构

李有兵1，邓汝荣2

(1． 广州城建职业学院，广东 广州 510925;2． 广州科技职业技术学院，广东 广州 510550)

摘要:提出了一种针对半空心铝型材采用遮盖式一模双孔的挤压模结构。通过实际例子，详细介绍了这种模具结构

有关参数的选择。主要包括挤压机能力的选择，模孔布置、分流孔设计、下模焊合室结构和工作带的选择。介绍了

模具强度的校核方法。将传统的平面模、单孔分流模与这种新的遮盖式双孔模的实际挤压结果进行了对比。这种

新的模具结构简单、容易加工。实践表明，采用这种新的一模双孔挤压模结构可显著提高模具的寿命、提高铝型材

生产效率和降低成本，所得型材尺寸精度高、表面光亮，是一种值得推广的的模具结构。
关键词:半空心铝型材; 一模双孔; 遮盖式; 结构

中图分类号:TG375． 4 文献标识码:A 文章编号:1007 － 7235(2019)02 － 0045 － 05

A covering type extrusion die with twin cavities for semi-hollow Al-profile

LI You-bing1，DENG Ｒu-rong2

( 1． Guangzhou City Construction College，Guangzhou 510925，China;

2． Guangzhou Vocational College of Science and Technology，Guangzhou 510550，China)

Abstract: A new structure named covering type with twin cavities in a die for the semi-
hollow Al-profiles was presented． The determination of structure parameters was introduced
in detail through an actual case． The parameters mainly covered the capacity of the extruder，
the arrangement of portholes，the structure design of chamber and the selection of bearing．
The method of checking the die strength was introduced． The structure of the traditional solid
die，the porthole die with single cavity and the covering type structure with twin cavities were
compared with the extrusion results． The covering type was simple and easy to process． The
practical application shows that the new die structure can enhance the die life，improve the
production efficiency and reduce the cost． The profiles obtained are precise in dimension
with bright surface． Thus this die structure is worth promoting．
Key words: semi-hollow Al-profiles; twin cavities in a die; covering type; structure

随着现代制造技术的进步和发展，人们在铝合

金挤压型材生产中追求通过技术创新来大幅提高现

有挤压机的生产效率，新的一模多孔挤压技术无疑

是最佳的途径之一。而一模双孔挤压技术是实现一

模多孔挤压的基础，是在一套模具上同时同步挤出

两根相同的铝型材制品，这对提高挤压机的效能和

产品成品率有重要的意义。在铝型材市场需求中半

空心型材占相当大的比例。而半空心型材的生产中
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模具是关键的要素。半空心铝型材的模具设计复杂

程度较高，解决模具的强度是关键。笔者以一种常

见的铝型材实例介绍专门针对半空心铝型材采用的

遮盖式一模双孔挤压模具的结构，以及设计中各种

参数的选择，供同行参考。

1 遮盖式一模双孔挤压模的结构

所谓遮盖式就是改变传统的挤压半空心铝型材

采用的平面模结构，而采用一种遮盖式分流模结构。
目前半空心铝型材分流模结构中常用的是分割式结

构，这种结构易产生拉丝和起筋现象。遮盖式分流

模结构是利用分流模上模的中心部位将悬臂遮盖起

来，使得悬臂在挤压过程中不直接承受金属的正面

压力，将悬臂保护起来; 而在分流模的下模，悬臂部

分要向上突起，但不与上模接触，突起的顶部与上模

之间留有一定的间隙( 应力间隙) ，使得即使上模在

挤压过程中向下发生挠曲时，也不会触及悬臂对悬

臂施加力的作用。这样就改变了悬臂的受力状态并

保护了悬臂，因而大大提高模具的强度。对于一模

双孔的模具则充分利用分流桥作为对悬臂的保护，

这是考虑到挤压机在挤压筒径向上存在压力梯度，

通过合理的布置模孔，避免悬臂特别是悬臂的端部

直接承受金属挤压时的正面压力，达到提高模具强

度的同时提高铝型材挤压效率。

2 模具结构参数的确定

2． 1 挤压机能力的确定

确定选用挤压机的能力要考虑到挤压产品的变

形程度、挤压系数。挤压系数过大，挤压过程中挤压

力会过高，容易出现挤压困难，一方面不利于产品成

形，另一方面将会降低模具的寿命。挤压系数小则

挤压力小，这有利于产品成形，但在一模双孔挤压

时，在同样的坯料长度下会使挤出的型材长度减少，

导致工艺废料的比例增加，降低了成品率。而若增

加坯料的长度，挤压筒是有限的，同时会使挤压力急

剧上升。这是双孔模具结构设计中必须要考虑的。
经验数据表明，在综合考虑的情况下，挤压系数在 60
～80 范围内最为合适，比较有利于产品成形、生产过

程控制和模具寿命等。
图 1 所示为一款民用建筑铝门窗型材，是典型

的半空心型材。其断面面积为 221 mm2，舌比经计算

为 6． 5。采用单孔模挤压时一般选择 8 MN ～ 11 MN
挤压机。采用双孔模挤压则可选择 18 MN 挤压机，

其挤压筒内径尺寸选择 Φ185 mm。经计算挤压系数

为 66． 5，挤压机比压为 670 MPa。坯料尺寸可选用

Φ180 mm ×520 mm。

图 1 一种铝门窗型材的断面图

Fig． 1 Profile section of a kind of Al door and window

2． 2 模孔的布置

模孔的布置一方面要有利于挤压成形，可以充

分发挥挤压筒的潜能; 另一方面必须有利于使模具

结构简单、紧凑，有利于模具加工和节省原材料。在

18 MN 挤压机上挤压图 1 所示的型材，模孔的布置

可以有二种方式，如图 2 所示。

图 2 模孔布置方式示意图

Fig． 2 Arrangement of die holes

图 2a 为左右对称排列，这样的好处在于左右两

根型材在挤压时不会发生表面的接触，两根型材都

可与滑出工作台接触，挤压容易实现平稳顺利。其

不足的是不能充分利用挤压筒的特点，因为一般地

说，应使模孔各处尽可能处在中心区域，这样有利于

达到挤压成形时各处金属流速容易趋于一致; 模孔

离挤压筒内壁边缘距离小，一方面要采用宽展的模

具结构，这将增加金属流动的复杂程度; 另一方面，

模具的 外 形 尺 寸 必 须 相 应 增 加 才 能 保 证 模 具 的
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强度。
图 2b 是采用上下对称排列，虽然上下两根型材

在挤出时有表面的接触，表面可能会发生轻微的摩

擦，但考虑到挤压时的自动牵引装置和型材最终的

表面处理方式，这种接触对型材表面质量的影响是

可以不考虑的，因此，选用图 2b 方式更为合适。
2． 3 分流孔的布置

分流孔的布置包括确定分流比、分流孔的大小

及分流桥的结构等。这是一模双孔模具的关键之

处。根据图 2b 模孔的布置进行设计。第一步根据

个人经验，借助 CAD 软件设计出初步的方案，较成

熟的有两种分流孔布置的方案，如图 3 所示。第二

步是将这两种方案在 UG 软件环境下建立三维模

型，并保存为固定的格式。第三步是将建立的三维

模型导入挤压模拟软件 HyerXtrude 中进行模拟运算

和观察。最后是对结果进行分析和对比，并结合个

人的经验进行必要的修正后再模拟、分析和对比，得

出最佳方案。
通过模拟发现，图 3a 的分流孔布置方案金属流

速调整较为困难。主要是分流孔 S1、S2、S3 的比例关

系较难确定。可以预测，由于制造上的误差致使修

模的工作量会增大。另外，虽然分流模的上模中心

部位能将悬臂全部遮盖起来，但悬臂的端部因对应

分流孔 S2，模拟发现悬臂的变形程度较大，分流孔 S2

面积的变化对悬臂变形有明显的影响。

图 3 两种分流孔布置方案示意图

Fig． 3 Two kinds of layout of feeder portholes

图 3b 所示方案，分流孔数量少，仅调整分流孔

S4、S5 二者的面积关系即可，在确定分流孔 S5 的面

积的前提下，很容易调整分流孔 S4 的面积就可以使

各处的金属流速趋于一致，而且分流孔面积的变化

对悬臂不产生影响，这是最关键的。同时，分流孔面

积和调整可以对分流桥不进行修正或改变，悬臂也

完全置于分流桥的保护下，特别是悬臂的端部不承

受直接的金属正面压力，因此，悬臂的强度是最好

的。经分析比较，采用图 3b 的方案更合适。其主要

参数如下:

1) 分流比 K = 17． 3。取挤压比的 25% ～30% ;

2) 分流桥的宽度为 24 mm，厚度为 85 mm;

3) 分流孔之间的面积关系为 S5 = 0． 81S4 ; 从模

拟发现，当 S5 = ( 0． 75 ～ 0． 85 ) S4 时，各处金属流速

调整较容易趋于一致;

4) 分流孔最大外接圆直径为 Φ152 mm;

5) 分流桥结构是结合下模相对应的悬臂突起部

分进行设计，其结构如图 4 所示。
2． 4 下模焊合室结构与工作带

对于一模双孔挤压模，为了消除模具制造误差

对挤压时两根型材同步性的敏感影响，以及消除在

两个模孔相邻的中心部位产生金属流动的死区( 刚

性区) 而使型材表面出现粗晶和光亮带现象，必须设

计成两个独立的焊合室，使模孔间的成形互不干涉

和影响。焊合室之间的隔墙宽度取 6 mm ～8 mm，焊

合室深度根据挤压的 能 力 取 18 mm，隔 墙 高 度 取

10 mm。
由于采用的遮盖式结构，悬臂要向上突起，突起

的部分与悬臂模孔间的尺寸关系如图 5 所示。原则

是突起部分边缘距离悬臂模孔边缘 2 mm ～ 3 mm。
同时，由于悬臂突起部分与上模必须保持一定的应

力间隙，为便于加工，间隙取在下模悬臂顶部表面，

从模拟中发现，取 0． 5 mm ～ 1． 2 mm，均对悬臂不产

生力的作用，所以取 1． 0 mm。
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图 4 分流桥结构示意图

Fig． 4 Structure of feeder bridges

图 5 下模悬臂突出部分示意图

Fig． 5 Cantilever protruding part in female die

对于工作带的选择，可依照单孔模的原则进行。
选定一个模孔的工作带则另一个与之相同。下模焊

合室结构与工作带如图 6 所示。

2． 5 模具结构组成

模具由上模与下模组成。从模具强度和模具成

本考虑，选择模具的尺寸外径 × 厚度为 Φ250 mm ×
160 mm。模具结构如图 7 所示。

3 模具强度的校核

在挤压过程中，模具是承受拉和压交变循环应

力的作用。因此，对分流模强度的校核在实践中主

要是针对分流桥进行安全系数的计算，以确定模具

的强度。对于双孔模，只要对一个模孔对应的分流

桥校核即可。

n =
h × b × 2 × ［σ弯］

s × p
式中:

n—安全系数( 分流模大于 3，平模大于 2) ;

图 6 焊合室与工作带示意图

Fig． 6 Schematic diagram of chamber and bearing
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图 7 模具结构示意图

Fig． 7 Die structure

h—分流桥的有效厚度，mm;

b—分流桥最小宽度，mm;

S—上模分流桥受压总面积，mm2 ;

P—挤压机最大比压，MPa;

［σ弯 ］—模具材料在工作强度下的弯曲应力，

MPa( 模具材料为 H13，取值为 1150 MPa) 。
根据上述结构进行计算:

n = 85 × 24 × 2 × 1150
24 × 90 × 670 = 3． 23

结果表明，模具有足够的强度。
但在实践中，对于一模双孔模具，特别是半空心

铝型材的一模双孔模具，必须使用专用的支承模垫，

否则，模具的寿命会大大降低。图 3b 方案所配合的

专用支承模垫内孔结构如图 8 所示。专用支承模垫

的厚度不应小于 70 mm。

图 8 专用支承垫内孔结构示意图

Fig． 8 Inner hole structure of special die support

4 挤压结果对比

对图 1 所示铝型材采用传统的平面模、单孔切

割式分流模结构和遮盖式一模双孔结构的模具进行

试模与挤压跟踪，所得结果对比如表 1 所示。从表 1
数据可以看出，对于半空心铝型材采用遮盖式一模

双孔分流模具有明显的优势，大大提高了模具的寿

命，降低了型材的挤压模具成本。

表 1 用不同结构模具挤压铝型材的结果对比

Table 1 Comparison of die structure and extrusion results

模具结构
挤压机

能力 /MN
型材壁厚偏

差 /mm
型材表面质量 型材尺寸精度

模具寿

命 / t Al 材

模具材

料 /kg

传统平面模 10 超过 0． 2 挤压痕深，表面粗糙
开口易小，端面

壁厚变薄严重
＜ 1 65

单孔切割式

分流模
10 无

挤压痕轻，表面光亮，

但表面有拉丝、突筋

符合技术要求，

普通级
8． 5 52

遮盖式一模

双孔分流模
18 无

挤压痕轻，表面

光亮、光滑

符合技术要求，

达高精级
26． 7 75

5 结束语

对图 1 所示的半空心铝型材采用遮盖式一模双

孔结构挤压模，试模和实际挤压结果表明: 模具试模

一次成功，模具经过氮化多次使用，挤压铝型材产量

可达 26． 7 t。由此得出，采用这种新的模具结构可以

大大提高模具的寿命，提高铝型材生产效率和降低

成本。同时可以看出，模孔的布置、分流孔的设计、
分流桥的结构以及下模焊合室的结构设计和工作带

的选择是半空心铝型材一模双孔结构的关键。在设

计过程中，借助计算机进行模拟更能提高设计的效

率和准确率。

(下转第 55 页)
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Standard 作为求解器。D 形块和变形体之间设置摩

擦因数为 0． 1 的接触摩擦属性。模拟完成后，在结

果中提取 D 形块的 y 向反作用力和位移来绘制 P －
S 曲线。

模拟与试验的对比结果如图 6b 所示。由图 6
可知，使用依据环向拉伸试验数据拟合得到的指数

硬化模型作为仿真模型的材料属性时，得到的结果

准确度要高于依据单向拉伸试验数据拟合得到的指

数硬化模型。由此可见，本文所使用管材的塑性硬

化性能在环向和轴向两个方形上是有一定的差别

的，依据本力学模型拟合而得的硬化性能能更加准

确地反映管材的环向性能。

5 结 论

1) 铝合金管材经“530℃2 h 固溶处理 + 室温水

淬”处理后，环向硬化性能和轴向硬化性能存在一定

的差异，不能单纯通过轴向拉伸试验来评价管材的

环向塑性硬化性能。
2) 依据本文作者建立的力学模型，通过反向拟

合的方法处理环向拉伸试验的数据，得到的指数硬

化模型( σ = Kεn ) 中的强度系数 K 和硬化指数 n 能

很好地评价管材环形硬化性能。
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