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Abstract: The working principle of 3D printing fused deposition Manufacturing is introduced.
The reasons for the problems of nozzle material flow and product wire drawing in the process
of product printing are pointed out. The structure of traditional nozzle is analyzed, and a new
structure of nozzle is proposed. The main feature of the new nozzle structure is that it can
generate negative pressure in the closed space when the wire is withdrawn, thus it can
effectively prevent the nozzle flow and product drawing. At the same time, by optimizing the
heat dissipation system of the new nozzle structure, the stability of the nozzle printing process
can be improved. The practical application shows that this new nozzle structure is effective and
worth popularizing.

Introduction
rinting is a kind of additional material rapid proto-typing technology, which is based on a kind of
al model file, it has utilized materials of special wax material, photosensitive resin, powder-like
r plastic, etc to manufacture three-dimensional objects by printing layers of binding materials.
reas, fused deposition Manufacturing (Shortened form FDM) has heated and melted the filiform
lting material (Which is generally to be PLA or ABS wire)then it has squeezed and sprayed
rm hot melting onto the working platform to pile up in layer for moulding via a nozzle whose
eter is generally to be 0.4mm, as is shown by figure 1. As during the 3D printing process of the
eposition manufactureing, the printing nozzle needs constant moving, when the nozzle moves
ne printing point to the next printing point, it will appear drawing phenomenon because the
pe material in the nozzle had not been stopped in time or spilled over, as is shown by figure 2,
erefore has greatly affected the printing quality[1]. Although method for improving draw-
properly setting the printer parameters, such as pumpback distance, pumpback speed, fuse
ature, distance of dangling movement, etc., but these are to solve the problem[2] in processing
eter layer; however the design has reached the purpose of completely improving drawing
m of fuse deposition manufactureing product by starting from nozzle structure of the printer.

| Content from this work may be used under the terms of the Creative Commons Atwribution 3.0 licence. Any further distribution
B of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOL
under licence by IOP Publishing Ltd 1



IoTAIMA 2020 1OP Publishing
Journal of Physics: Conference Series 1605 (2020) 012091  doi:10.1088/1742-6596/1605/1/012091

nozzle

N

\
A\
i
i
/
V

f wire material

Figure1 Schematic diagram of fused deposition manufacturing Figure 2 Schematic diagram of product drawing phenomenon

2, Structural Design of Traditional Nozzle

2.1. Structure of Traditional Nozzle )
Nozzle of traditional structure is shown as figure 3 and figure 4, whose main components i
included hollow throat, heat dissipation, heating chamber, heating block, nozzle, fixed block
thermal insulation pillar, etc.

Figure 4 Two-dimensional structural figure of traditional no
1 Hollow throat 2 Heat dissipation 3 Heating chamber 4
Figure 3 Three-dimensional structural figure of traditional nozzle 5 Nozzle 6 Fixed block 7 Thermal insulation pillar 8 Printing wir

2.2. Defect of Traditional Nozzle in Anti-drawing
There are two aspects for defects of the structure of traditional nozzle has existed in
one is that the 3D printing wire material is heated after it enters into the heating cha
printing wire is pumped back, it will flow in the molten state in the heating chamber; s
material in the molten state still will be spilled out along the nozzle, which theref
condition of wire re-leaking, with-wire and wire-flowing and will affect product quali
printing nozzle structure has mainly dissipated by the thermal baffle and the auxiliary
dissipation point is rather concentrated and the airflow is too dispersed, which is diffic
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wire aisle. And the cooling fin becoming bigger from down to upper has been designed on the exte 1l
part of the radiating tube; the wind scooper with downward ventilation mouth is installed outsi
cooling fin, the cooling fan of 30mmx30mm is fixed on the wind scooper.

3.2. Advantages after the Improvement 3
Via the practical tracking to the nozzle after improvement, the practice has shown that the nozzle after
the improvement has had structural features and advantages of below aspects:

(1)The silicon gel sealing sleeve is inset between the radiating tube and the hollow throat. The
silicon gel is a kind of new type macro-molecule elastic material, which has had very good high-
temperature resistance (180-200°C) ; at the same time, it has possessed very good physical stability,
Under the tight locking of the radiating tube, it has conducted surrounding sealing to the wire material
make the internal part of the hollow throat form the sealing space within the area surrounded by the
silicon gel sealing sleeve, printing wire material and the nozzle. Thus in the process of the printing,
when the printing nozzle needs the wire-stopping movement to coordinate with the drawing-back of
the wire material of the wire-squeezing electric machinery, ie., the printing wire material will be lifted
upward for a section of distance; because of the existence of the sealing chamber, extent negative
pressure will be formed at the wire material place of the nozzle head molten state, which will recycle
the wire rod of the molten state upward, which therefore has prevented the happening of the drawing
phenomenon. Via the experiment, the printing wire material of D1.75 generally needs to set the
drawing back distance into 2-3mm as proper; however to printing wire material of D3, then setting it
into 1.5-2mm is ok.

(2)By matching the feature that the temperature has been gradually reduced from down to up of the -
heating tube and the process that the printing wire needs a temperature accumulation to be enhanced to
the molten state, which therefore has designed the cooling fin of the radiating tube into a structure
being gradually bigger from down to up. The wind scooper has been installed on the outer ring of the
radiating tube, which has intensively conducted the radiating airflow away from the cooling fin and it
has increased the radiating effect; however the ventilation mouth that guiding the wind to the lower
end of the nozzle has been added at the downside of the wind scooper, which has partially conducted
the airflow at the bottom to the printing wire of the nozzle; it has not only strengthened the dissipation
of the printing wire, but also has reduced some lower airflow and has strengthened the effect that the
temperature is gradually reduced upward. Via the test, the upper temperature of the radiating canister
has been kept at 60~70°C, which therefore has guaranteed that the wire material will not oceur
thermoplastic variation at the place of silicon gel sealing sleeve; it let the wire material will not be too
hot to occur deformation then lose sealing effect at this place,s drawing-back and it has also
guaranteed the negative pressure enhancing effect of the sealing chamber at the nozzle mouth; and the
temperature of the down part is among 130~150°C, which has promoted the formation of the molten
effect for the printing wire. Additionally, it has conducted parts of the wind to the two sides of the
nozzle mouth, which has accelerated the heat evolution at the nozzle mouth and at the sprayed out

melting wire; it has also played the role of guaranteeing the product printing quality and the stability
of the printing.

3.3 The Experimental Data after the Improvement

It has conducted experimental verification to the nozzle after the improvemeit, which has adopted the
assembly machine whose type is Reparp i3 and it has used PLA printing wire material of 3mm
diameter, whose wire feeder is near-end material feeding; related data for moulding printing into the
3D model of the same vase is shown as the tdble in the article (Except the data on the table, other
parameters have kept same), whose testing result is shown as the experimental data table of the
research. From the table, it can be seen that when it is 205 °C, 50mm/s and the drawing-back distance
is 1.5mm, the degree of finish for all joints of its finished printing pieces are very good and there is no

obvious defect, which has effectively improved the generation of drawing phenomenon in 3D printing
fused deposition manufacturing.

—



IoTAIMA 2020 IOP Publishing
Journal of Physics: Conference Series 1605 (2020) 012091  doi:10.1088/1742-6596/1605/1/012091

good dissipation effect; therefore it will affect the stability of the heating chamber of the printing wire
material, and that finally will affect the quality of the 3D printing product[4]

3. The Improvement of the Nozzle Structure

3.1. Structure of Traditional Nozzle

The nozzle structure after the improvement is shown as figure 5 and figure 6. Schematic figure of
ventilation and dissipation is shown as figure 7.

Figure 6 Section view two-dimensional figure of the nozzle structure after the improvement

1 The radiating tube 2 The radiator system {21 Downward ventilation mouth, 22 The wind scooper)
Figure 5 Three-dimensionalfigure of the 3 Hollow throat of the printing wire 4 The heating block (41 The heating fixed block, 42 The

nozzle structure after the improvement heating tube, 43 Thermistor} 5 Nozzle 6 Fan 7 Silicon gel sealing sleeve 8 Printing wire material

=2

Figure 7 The radiator system after the improvement

The new type anti-drawing 3D printing squeezed-out type nozzle structure[5] has included the
ndiating tube, hollow throat, the heating apparatus, the cooling fan, the wind scooper, the nozzle and
the silicon gel sealing sleeve; the heating fixed block in the heating apparatus has been equipped with
the heating tube and the thermocouple, being used as heating control and fixed piece, the lower end of
the hollow throat and the nozzle has been connected into the heating fixed block via the screw joint;
e upper end of the hollow throat also has been connected onto the radiating tube via the screw joint;
e silicon gel sealing sleeve is inset inside the radiating tube and the upper end of the hollow throat
be; the middle hole of the radiating tube, the middle hole of the silicon gel sealing sleeve, the middle
ole of the hollow throat and the middle hole of the nozzle have connected into a stripe of printing
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Table 1 Experimental Data Table for this Research

Diameter of the Temperature of Drawing-back

- nozzle mouth  the nozzle mouth Printingspeed  gictance Printing effect Appearance quality

The printing route It sometimes has wire

Qidmm 185C 50mm/s 15mm i rather obvious  lacking and wire drawing

It sometimes has wire lacking

g The printing route
0.4mm 185°C 50mm/s 2mm but has not wire drawing

is rather obvious
The adhesive force of

0.4mm 195C 70mm/s 1.5mm theprinting layer has
some defects

It sometimes has wire
lacking and wire drawing

The adhesive force of
the printing layer has
some defects

The wire lacking is
0.4mm 195 ( 70mm/s 2mm rather obvious

The surface is very

0.4mm 205°C 50mm/s 1.5mm €xquisite and has no
obvious defects

No obvious wire drawing
and wire lacking

The surface is very No wire drawing and

0.4mm 205 C S0mm/s omm  exquisiteandhasno e acking
obvious defects
The surface is very No obvious wire drawing

0.4mm 205°C 70mm/s 1.5mm ©aquisiteanditisa L jacing
little warping

The surface is very g gbvious wire drawing
0.4mm 205 C 70mm/s 2mm exqut_sne anditisalittle _ 4 ire lacking
warping

4, Conclusion

The design has conducted the design improvement of the printing nozzle structure mainly aiming at
the common defect-wire drawing of 3D printing fused deposition manufacturing, whose main measure
is to add silicon gel sleeve between the radiating tube and the hollow throat in order to form the
sealing space inside the hollow throat therefore to make it form extent negative pressure at the nozzle
‘mouth place when the wire material draws back and to make the wire material of the molten state at
the head of the nozzle mouth halt and recycle, which therefore has prevented the occurrence of the
ite drawing phenomenon. At the same time, it has optimized the structural design of the cooling
stem and it has prevented the wire material’s deformation at the place of silicon gel sealing sleeve,
hich therefore has guaranteed the reliability of the sealing space formed interior the hollow throat.
itionally, the design has also improved the ventilation system by letting wind from one part blow
to the two sides of the nozzle mouth to make the nozzle mouth and the wire material heat just
eezed from the nozzle mouth drop off very quickly in order to improve the effect of 3D printing.
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Services Talent Funds, National Natural Science Foundation of China (61563042)
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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).

Initial structural design of rotating beam
GAE Analysis of part model

( Output GAE Analysis Report ) (Suuclumlnpllmlznlmn)

fudge whether the structur®
nable according to the
f transfer beam, thermal
lysis deformation and rotating
opening force of GAE
Analysis Report

NO

Conduct product structure sample inspection

Confirm product status production

Fig. 1. Technical flow chart

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.

T1

|__SHEN

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.

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

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.

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+7.8620401

+0.000e+00

Step: rotat

Increment  0: Step Time = 0,000
Primary Var: S, Mises

Deformed Var: U Deformation Scale Factor: +1.000e+00

x

Fig. 5. Simulated stress cloud chart of turning beam
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Fig. 6. Change curve of simulation door opening force of turning beam

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. 7. Simulation deformation cloud chart of ~ Fig. 8. Simulated deformation cloud chart of
the optimized turnover beam structure thermal stress of optimized turnover beam
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Fig. 9. Change curve of opening force with opening angle after optimization of turnover beam

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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POSITIONING AND GRABBING TECHNOLOGY OF
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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
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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.

Application process
of machine vision

\ 4

Judgment and

Y

Feature extraction

Image acquisition Image processing

control

A A 4

A

Gray processing

Filtering 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.

1 —(z-p) /25"
P(z) = —e
\ 270 (1)

Equation (1) is an expression of Gaussian noise,
in the equation the parameters include: p represents
the expected value, “ represents the standard

deviation, that is, the Gaussian radius, - represents
the variance value. P (z) represents the probability.

2 2
x 4+ y

g(x,y) = 1—exp( — )
2 20 (2)

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):
[or or1
L@[' GyJ (3)
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.

Ve, y) = lrr,] =

O(x, y) = arctan( Z?—X)
T (4)

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
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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 then completed, that is, the joint variable servo

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

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=I)
Target location Pos(plusc)

Target speed

Vel(Pluse/ST)

Target acceleration speed

A.cc(Plusc/ST?)

Control cycle ST

T(/us)

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.

- Endpoint
0.8 — Rotation angle
0.6 1
<
=]
T
3
o 0.4 -
0.2 1
0.0 T T T T T T T T T T T 1
0 100 200 300 400 500 600 700
Number

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 | 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 XQY 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.
] (9)
dt J

r 1
m(t) = k,|e(t) + —J' e(z)dr + T,
Tr [

In the PID time domain control expression
equation (5) of PID control algorithm, m (t) refers
to the control output, k, refers to the proportional
coefficient, T; and T, 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 |
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

200

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.

50
45-
10
35 1
30-
25
201

15

Accumulated Installation Quantity

10

2002

2004

2006 2008

2010

2012 2014 2016 2018

Year

Figure. 6 Accumulated installation capacity of industrial robots in China in recent years (10,000 units)

45 4
40-
31
30-
2 1
20-
15-

10 +

Market Scale from Machine Perspective

2008 2010

2012

2014 2016 2018

Yaer

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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Abstract: The article mainly has conducted comparison to three kinds of frequently-used
long-span gantry type mechanism that do straight line motion, which thereby has obtained that
the gantry type single-side drive mechanism hads possessed relatively prominent advantage in
the smoothness, assembly debugging, reliability and maintenance aspects of the motion and it
has conducted reason analysis and structural improvement to problems existed in occasions of
its application in large scale equipment, long span or heavy load with impact, which therefore
haves guaranteed the need for high precision and high stability in practical application.

1. Advantage and Existing Problem of Gantry Type Single-side Drive Straight Line Motion

- Mechanism

In the automation equipment structural design, it often has adopted gantry mechanism as the
mechanism to execute round-trip of the rectistraight line motion, which can complete motion and
position required by processing, assembly, detection, etc!'’. This kind of mechanical engineering
generally has three kinds of driving methods, below table will conduct comparison from stability of
mechanical structure, assembly debugging, reliability of the mechanism, maintainability as well as
cost, etc aspects.

From analysis and comparison of the above table, it has obtained that the gantry type single-side
drive mechanism has possessed rather prominent advantages in smoothness of the motion, assembly
debugging, mechanical reliability and maintenance aspects, which is optimal among the three design
schemes. But in the actual application, as the load end of the single-side drive mechanism has existed
effect of rotating the torque by winding the Z axis, the range that limits its application has mainly lied
in gantry structure or small span gantry (ie., gangtry whose width of guiding structure at both sides is
1o bigger than 600mm) or occasions whose heavy load has had impact cannot fall down on its job,
which has mainly existed effects of below two aspects.

Content from this work may be used under the terms of the Creative Commons Atribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOL.
’hbhshed under licence by IOP Publishing Ltd 1
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I. When the mechanism is in non-motion static status, if the span or the load is too big, it has
higher and harsher requirement to the rigidity as well as installation precision of the guiding system
both sides of the gantry, especially the guiding precision and rigidity of the drive sidel.

II. When the mechanism is in motion status, if the span is too big, as the driving power is on
designed at the single-side, the cantilever domino effect of its load to the driving system will be v
obvious, the pulsation of its moving speed as well as impact acting force of the load will generate

Table 1 Three Kinds of Frequen fly-used Long Span Gantiy Type Straight Line MNotion MNechanism
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-torque on the beam, therefore rigidity of the beam as well as the smoothness of the operation are
problem that must be solved.
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2. Optimal Design of Large Span Gantry Type Single-side Drive Straight Line Motion
Mechanism

2.1. Countermeasures of the Guide Precision and Rigidity
There are generally two sets of guiding structure in the gantry type single-side drive straight line
motion mechanism, among which structure of the driving side has mainly played the guiding role,
whose precision and rigidity has played important role in the overall gantry motion system. However,
the other side has mainly provided support for the end of the beam and has strengthening the guidance
quality of the beam. As is shown by below figure 1, when the span L of the gantry increases, however
effective guiding length k1 of the two sliding blocks does not increase, which has directly lead to the
decline of specific value for guiding rigidity coefficient k1/L, when specific value of rigidity
coefficient k1/L is no bigger than 0.5, rigidity variation of the guiding system will be magnified in
multiple by the gantry beam™.. This means the deviation in rigidity and stability of the system. In order
to enhance the stability of the gantry type single-side drive straight line motion mechanism, except by
increasing the pre-pressing grade of the ball straight line guideway sliding block, it also must enhance
the guiding rigidity coefficient k/L. The most frequently-used practice is to increase the space between
two sliding blocks in the straight line guideway, ie., to directly increase k1. Aiming at defects of
gantry type single-side drive straight line motion mechanism in large span occasions, except for
method of directly increasing space K1 between two sliding blocks, it has additionally had method of
adding one sliding block and strengthening block (As parts expressed by imaginary line in figure 1),
via this optimal design, it can directly increase the original effective guiding length k1 to k2, which
therefore has enhanced the specific value k/L of guiding rigidity coefficient. At the same time, when in
installation debugging, the optimal design of this kind of structure can firstly assemble and debug in
~ place via two sliding blocks (as is shown by 2 full line sliding block and beam parts of left side in
figure 1), then it has assembled the third sliding block and it has added the guiding ability of the
sliding block onto the gantry structure component via the strengthening component, which therefore

has strengthened the load ability and motion rigidity of the gantry type single-side drive straight line
motion mechanism.

- 2.2. Power design Countermeasures of the Drive and Transmission
As is shown by the above figure 2, for gantry type single-side drive straight line motion mechanism,
the general power design can be distributed at three points, which respectively are Q@@ ) three points.
In order to lower the cantilever beam effect of the large gantry span load to the driving system, via
force analysis, it is better to design the application point of transmission and drive onto position ¥ @).
v L g
m i

kL | TT

k2

Figure 1 The GuidingRigidity and Stability of the Strengtening Driving Side
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Figure 2 ower Design Schematic Diagram of Gantry Power Side

2.3. Design of the Beam Structure
Integrating above analysis to structure, rigidity, loading form, etc of the gantry type, under the prem
of guarantee the intensity of beam, for beam plate, the Y direction motion of the loading motion on {
Z axis is the impact acting force of Y axis, however, for beam plate, X direction motion of the loading
motion on Z axis is the impact acting force of X axis direction and the positive and negative twistin,
force winding Z axis for rotation. Therefore, when designing the beam, the key point is to increase the
ability of beam plate’s resisting Z axis torque, ie., the intensity and rigidity of XY plane. Therefore, it
has designed the beam into the flat plate type, whose two dimensional diagram is shown as figure 3:

i &

¥
8365
1800

Figure 3 Structural Design Drawing of Large Span Single-drive Gantry

1. Gantry frame at powerside, 2. Gantry frame at support side; 3. Guiderail of Y axis; 4. Motor as well as fixed
seat of lead screw on Y axis; 5. Lead serew on Y axis; € Supporting seat of lead screw; 7. Strengtheningblock of
the gantry; 8 Xarmofthe gantry, 9 Guiderailof Xaxis; 10 Motoraswell as fixed seat of Y axis, 11 Lead
screw of X axis, 12. Supporting seat of lead screw on X axis, 13. Movingplate on X axis

Finally, its 3D diagram after the design is as follows:
s

Figure 4 3D Diagram of Large Span Smgle-drive Gantry Structure
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3. Practical Application Cases of Gantry Type Single-side Drive straight line Motion

Mechanism

In one set of mechanical equipment, the needed gantry span is 1200mm, by adopting above design
method, it has designed the guide of the drive side into three sliding blocks, among which it has
strengthened one sliding block onto the gantry structure. Then it has installed the power design onto
the position of point @) of the gantry system, in order to reduce that the weight of beam plate will
bring excess loading for the large span gantry type single-side drive straight line motion mechanism
and in order to guarantee its intensity and rigidity, it needs to conduct weight losing optimal designes!®
to the beam plate, \;vhose design diagram is shown as figure 5:

N L

Beam section o
e vontry Guiding of the
o driving side
Guiding of the
support side

Lead screw
transnussion

Figure 5 Application Drawing after the Actual Manufacturinga Finished

Table2 Using of the field, test as well as testing data
(Test the average value for 30 tilnes) after the equipment runsin vain for 4SH

Measuring : ’ ata after 4SH s
No Itsin - Data aftgl the Data »‘lt\f,vl 48 I—I 3
apparatus debugging TUIung 1n vain
Repeatability of guide pointon __. ) ’ e
1 pes S R I Dial test indicator 0.0012 mum 00015 mm
left side of the gantry
- Repeatability of guide point on ) o A
2 : ; st indicator 10 ) 00
left side of the gantry Dial test indicator ~ 0.0016 mm (0.0017 mm
e Gantry left load 15 20ke. . o o .
5 Ty ft load is 20ke Machine vision 0.0032 mum 0042 mum
positional accuracy
Gantry left load 13 20kg, ) ) s 2 s
4 Maclune vision 00037 mum 0.0044 mun

positional accuracy

4. Conclusion

The article has intensified the rigidity and intensity of the large span gantry type single-side straight
line motion mechanism via reasonable design and it has got verification and application in practical
application, at the same time, via these two kinds of methods, it has effectively enlarged such simple,
practical and stable structure as large span gantry type single-side drive straight line motion
mechanism, which has made it to have larger application space. «
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Abstract: The traditional injection molding method for large-scale thin-shell plastic parts is
realized by multi-gate hot runner technology. Due to the simultaneous injection of multiple points,
defects such as bubbles, shrink marks, and more weld marks on the product are likely to affect the
appearance of the plastic part. Quality, strength and effect of subsequent painting. This article takes
LED TV rear panel products as an example, and uses CAE mold flow analysis technology and hot
runner sequence control technology to optimize the injection molding process and mold through the
three steps of process condition presetting, molding scheme analysis and estimation, and test mold
verification. Design, the purpose of obtaining good plastic parts. It provides an efficient and stable
injection molding process method for the development of such large-sized, thin-shelled, and high-
demand product products to solve and improve their molding defects.

1. Introduction

For large-scale thin-shell injection-molded products, due to their large size and thin wall
thickness, the problems of injection molding filling and narrow process range are caused. The mold
structure often adopts a multi-gate design, which makes it difficult to balance the filling of the mold
cavity, and the number of weld marks increases, which seriously affects the appearance quality and
mechanical properties of the product.

At present, the use of full hydraulic secondary compression injection molding technology [1] can
solve the problem of difficult filling of such injection molded products, and at the same time solve
the problem of light refraction of high-gloss products or transparent materials. The use of electric
heating injection molding technology and high-gloss injection molding (RHCM) technology [2] can
control the temperature field balance during molding, and reduce the effects of surface welding and
other defects. However, these methods can achieve the molding process only through special
process equipment or molds, and the process control is difficult, the waste rate is high, the energy
loss is large, and the production cost is high.

Hot runner sequential control (Sequential Valve Gating, SVG for short) pouring technology [3],
which uses gas / hydraulic devices and time control devices to control the movement and stop of the
valve needle at a predetermined position and time, and cooperates with the nozzle valve to achieve
sequential opening and closing. The melt flow achieves an orderly “relay” flow, and achieves -
“dynamic” control of the material flow [4]. Provides new ideas for solving the above problems.

This article will take the LED TV rear panel as the research object, based on the CAE mold flow
analysis technology and sequential control hot runner technology, explore the product hot runner
valve gate opening and closing control law, and study the optimization of the product injection
process scheme under different process conditions. Inferior, and through the test experiment, verify
the CAE mold flow analysis results to optimize the injection molding process.

Copyright © (2020) Francis Academic Press, UK 31 DOI: 10.25236/iccem¢.2020.007




2. Sequence Control Principle and Characteristics of Hot Runner Structure

The sequential control of the hot runner is the opening and closing of the nozzle gate by the
valve needle driven by the gas / hydraulic device. However, the control of the gas / hydraulic device
is no longer only mechanical, but a time sequence control device is introduced. The time setting
sequence opens and closes the valve, so that the material flow flows sequentially and sequentially,
and the filling process is balanced and controllable.

As shown in Figure 1, the interior of the SVG hot runner mold structure is mainly composed of
(@ positioning ring, @ nozzle, 3 heating wire, @ hydraulic cylinder, ® plunger, ® heating rod,
@ manifold, valve needle, @ thermocouple, Nozzle and other components, there are
temperature control device, pneumatic / hydraulic drive device, needle valve time control device

and so on.
@ @ ® & e O
 wuild 1 1 P/

-
I e , A /’@}
= = vl ~
D |
- y= 5 ;
= el
T

A, A
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Fig.1 Svg Hot Runner System Structure

3. Sequential Valve Hot Runner Features

Compared with other types of hot runners, SVG has the following advantages in engineering
applications: during the injection molding process, the materials in the runners will not always melt, -
the runners will not form, and there is no need to design the device to discharge materials.
Compared with other systems, it has a larger nozzle gate channel, which can effectively reduce the
filling time, reduce the molding cycle, and obtain higher production efficiency. The valve-
controlled gate and the design of the return groove ensure the gate. When closed, no resin will
remain on the surface, ensuring no casting marks on the surface of the product; it can effectively
improve defects such as welding marks and shrink marks on the surface of large thin-walled plastic.
parts, and improve the surface quality of the product; it can also effectively reduce the clamping
force and maintain the mold Filling balance, reducing process characteristics such as warpage of the
product.

Of course, SVG hot runner also has some shortcomings that are not easy to solve: the
implementation of technology requires precise regulation, such as the time sequence of gas /
hydraulic devices, motion control; the effective control of the temperature of each section of the hot
runner, and the cooperation between the gate valve needles Accuracy and other factors are the key
factors that affect the molding. Therefore, there are very high requirements for operation and
maintenance personnel; the pressure loss along the hot runner is relatively large, and a large
injection pressure is required as a support, which places higher requirements on the injection
molding equipment.
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The molding CAE numerical simulation technology, through computer simulation of the plastic
product molding process, provides a good basis for the subsequent design of high-quality molds and
molding process parameters. CAE software is used to perform finite element modeling of the
product, build product models, mold casting, and cooling structure models. Through flow
simulation in the cavity, it can analyze and predict surface defects after injection molding of the
product; through cooling simulation, it can analyze Predict the shrinkage and warpage of the
product. These analysis results will guide the design and optimization of the product and mold
structure. After the optimization, the improvement of the predicted defects will be further analyzed
until the expected good product is obtained [5].

Take a long plastic piece as an example, as shown in Figure 2, using three-point hot nozzle
injection, mold flow numerical simulation and simulation experiments using Moldflow software,
first finite element modeling, hot runner process parameter settings and other operations Through
the simulation of filling, understand the principle of sequential control of valve needle opening and
closing in the hot runner.

i
(a) Simultaneous hot runner injection (b) SVG central diffusion sequential injection (c) SVG linear
progressive injection

Fig.2 Moldflow Simulation Principle of Sequential Control Hot Runner

As shown in Figure 2 (a), in the conventional hot runner structure, three nozzle gates G1, G2,
and G3 are injected at the same time. According to the filling simulation, the plastic flow front
between gates G1 and G2 and G3 and G2 form a large Welding angle is expected to form welding
mark defects. As shown in Figure 2 (b), the SVG structure is center-diffusion sequential injection.
First open the G2 gate valve pin. When the plastic melt front passes through the G1 and G3 gates,
open the G1 and G3 valve pins, and the G2 melt is integrated into the G1 and G3 interiors and
pushed forward together until it fills the cavity. During the entire pouring process, no cold stream
fusion will be formed, and no fusion mark defects are expected, which is suitable for forming large
plastic products.

As shown in Figure 2 (c), the SVG linear progressive type, first open the G3 gate valve pin,
when the melt front flows through G2, open the G2 valve pin instantly, G2, G3 melt flow to G1.
When the leading edge of the melt flows through G1, the G1 valve pin is opened momentarily until
the cavity is filled. The whole process, such as a relay race, sequentially opens the needle valve, and
the material flow is transferred to complete the filling. No weld marks are produced. Suitable for
forming long plastic parts.

4. Optimization of Injection Molding Process Based on Cae Numerical Simulation of Hot
Runner Sequence Control

The appearance of the rear panel of this LED TV is a thin and shallow box structure with a
thickness of 1.6 ~ 3.5mm, and its outer dimensions are: 920mm * 430mm * 73.8mm. It is selected -
from Taiwan Chi Mei's universal grade ABS, POLYLAC (ABS + PC). Model PA757 is a
commonly used material for electrical enclosures. The main processing performance is shown in
Table 1. The injection molding machine of China Haitian Company is selected, model: HTF3300X-
B.
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Table 1 Pa757 Material Performance Parameters

PROPORTIONg/c | SOLUTION MOLD DEMOLDING | SHEAR | MAXIMUM MOLDING
| m3 TEMPERATU | TEMPERATU | TEMPERATU | RATE SHEAR SHRINKAG
i RE °C RE °C RE G [1/s] STRESSMPa | E %
| 1.05 180~240 30~70 84 100000 0.5 0.4~0.7
| Table 2 Working Parameters Of Haitian Htf3300x-B Injection Molding Machine

SCREW MAXIMUM INJECTION | INJECTION | CLAMPING MOLD EJECTION
DIAMETER INJECTION SPEED (g/S) | PRESSURE FORCE (KN) | HEIGHT STROKE
(mm) VOLUME (g) (MPa) (mm) (mm)

215 39612 2121 135 33000 900~1900 500

According to product structure and process requirements, Moldflow geometry tools are used to
create valve nozzles and runner structures. By determining the optimal gate and quantity, the initial
plan determined to use 6-point glue. In order to ensure the pouring balance, the distance from the 6
gates to the entrance of the mainstream channel is consistent and arranged in parallel. As shown in
Figure 2, the nozzles Structural modeling should be different from ordinary hot runners, because the
valve nozzle has a valve needle in the middle, and the vertical runner section is a “ring” structure.
First set the nozzle valve gate as the hot gate attribute. According to the actual hot runner selection,
the shape is circular D1 = 5mm, named in order: G1 ~ G6. Set the vertical hot runner attribute and
set the inner and outer diameter of the annular runner. It is: D = 16mm, d = 5Smm; set the properties
of the hot runner, with a diameter of 16mm; set the properties of the hot runner, the dimensions of
the two ends of the cone are d = 8, D = 16; the length of each section is set according to the selected

hot runner structure set.

G
3 G1

Fig.3 Svg Valve Gate Location and Runner Structure Modeling

By studying the results of the isotherm analysis of the filling, it was found that the initial design
scheme was in the molding. When the gate of the G1 valve was opened, the plastic melt did not
reach G5 during the injection process, and the isotherm was dense, indicating the flow resistance
there Larger, the front melt stays, it is expected that when the G5 valve gate is opened, it cannot
reach the position as scheduled, causing the melt to flow backwards and causing welding defects.
As shown in Figure 3 (a).

ERHN
2835}

(a) Initial design gate position (Plan A)
Fig.4 Analysis Results of Filling Time Isotherms

(b) Optimized gate position after design (Plan B)

The reason is that the design concept of this runner system is the balance of the gates. When
using the hot runner to sequentially control the pouring, the nozzles are opened sequentially and the
relay is completed. It is necessary to maintain a close distance between the nozzles. The first
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opening gate is too far away from the lower gate, which causes the material flow distance to be too
G long, leading to the stagnation of the front melt . In addition, the complexity of the structure of the
AG plastic product itself will also lead to the complexity of the melt flow. The solution is to calculate
the approximate melt flow distance between valve gates by calculating the melt flow rate, and then
through CAE filling experiments, adjust the distance between the nozzles, and set a reasonable
pouring position [6]. According to the above method, the gate position is adjusted as shown in

Table 3.
Table 3 Svg Nozzle Position Adjustment Table

Gate G1,G2 G3 G4 G5 G6

initial position | initial (305,-175,0) (290,-150,0) (300,80,-25) (280,30,0)
o X.Y,2) position
1 Adjust position | No Adjust | (-200,-60,0) (-225,-95,0) (-200,-90,-25) (-215,25,0)
6 X,Y,Z)
1 After the gate position is optimized, the filling analysis is performed again to obtain a stable melt
> flow state. Based on this, the design and optimization of the structure of the SVG system and the

mold runner are carried out.
; Based on the hot runner valve gate 6-point injection, two valve gate opening schemes can be
1 formed. Solution A adopts the center diffusion method, that is, the central gate G1 is opened first,
; and the plastic melt flows toward the other five gates at the same time. When the melt flows
i through a gate, the gate should be opened instantaneously, and then injected until Fill the cavity. As

: shown in Fig. 3 (a); Solution B: Linear progressive type, that is, the gate G3 on one side is opened
first, the plastic melt flows to the gates G1, G2, G5 at the same time, and the plastic melts after the
gates of G1 and G2 are opened. The body continues to flow to G3 and G4, and then the gates of G3
and G4 valves are opened until the cavity is filled.

The Moldflow valve gate controller is used to set the opening and closing time of each gate in
the A and B schemes. Generally, the initial setting is that the plastic melt front reaches the valve
gate, and the delay is 0.2 seconds to open. When numerical simulation is performed, the specific
time of valve gate opening and closing is analyzed based on the flow state and displayed on the
analysis log. Analysis of the main appearance indicators of the weld line results. It is expected that
the location of the larger weld defects will be in the red line area, which will affect the surface
quality and structural strength of the plastic parts. The remaining weld lines are small and
distributed in the frame and the grille, without affecting the product. Surface aesthetics and strength.
Compared with the common hot runner scheme, the two schemes A and B have significantly
improved the weld mark defects, and the scheme B is slightly better than the scheme A, so the
scheme B is preferred. As shown in Figure 4.

JlRs R e e AT R SO P S e s L e b B

(A) Ordinary hot runner scheme (b) SVG hot runner scheme B
Fig.5 Comparison of Expected Fusion Lines of Various Schemes
Based on Figure 5, the melt flow trend is analyzed. The stream reaches this area and is divided
into three streams, A, B, and C. As shown in Figure (a), after each flow, the branches A of A and B
merge, and A2 and C fusion will form a weld line at the position shown in Figure (b). The flow

diversion caused by the plastic part structure in this area is the main reason for the formation of
weld lines. In scheme B, the first nozzle opened is G3 in this area, and the subsequent opening is G5,
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so the welding line at 1 position is effectively eliminated, but the welding line at 2 positions cannot
be avoided

(A) Convergence of melt flow (b) Flow mperature at the weld

Fig.6 Analysis of Weld Line Formation

The method to solve the welding defects here is @ No treatment is performed. In the analysis,
the welding line is only the appearance of the fusion of the melt angles. In the case of the high melt |
temperature at the front, as shown in (b), the melt temperature at the fusion is about 210°C, The -
melt temperature is close, which can ensure the effect of stream fusion, and theoretically no welding -
defects will occur. @ Locally heat the expected welding position. At present, local steam heating is ©
often used for processing, but the mold design is difficult, and additional equipment needs to be |
added to increase production costs. @) Start with the design of the cooling system, strictly control
the cold water supply time in the area, and do not cool at the fusion time. This method can be used
to adjust the waterway during the test.

Based on the above analysis ideas, the relevant time and sequence are continuously fine-tuned,
and then Moldflow analysis is used to verify and obtain the optimal time control scheme, as shown

in Table 4.

Table 4 Moldflow Needle Valve Opening Time Optimization

G1(s) G2(s) G3(s) G4(s) G5(s) G6(s)
Valve opening time | 0.93 1.71 0 1.61 0.90 1.76
(s)
Injection time(s) kS 4 5.5 4 5 4

5. Tryout Verification

In view of the properties of the household appliance of the rear panel of the LED TV, the
requirements for the appearance and dimensional accuracy of the product

High, verify the improvement of the appearance quality of the rear panel of the LED TV after
using the SVG control technology, and check whether the location and number of defects such as
welding defects and sink marks are as expected. Based on this, make process adjustments and retest
the mold.

On the injection molding machine, debug according to the process parameters set by Moldflow
analysis. First adjust the injection balance by trial injection, pressurize after the balance, and set the
flow rate to 600 cm3 / s, which is stable in the range of + 10. After the injected plastic product
stabilizes, take a sample and observe. Moldflow analysis is expected to show the location of weld
marks and no defects. Because the difference between the leading edge temperature of the two
merged melts is only 1°C and the leading melt temperature is 209 °C, they are in a state of smooth
fusion, so no welding defects occur as expected. G2 valve gate area does not have obvious welding
defects. Analysis shows that it is closer to the G2 needle valve gate. It may be that the G5 valve pot
area has a complex gradient structure and the leading edge flows slowly. During the G2 valve
needle opening time, Failure to flow to the G2 position causes the G2 stream recoil to merge with
the G5 forward stream and form defects. For the adjustment of G2 opening time, G2 delayed
opening is in line with the process requirements, so the time is set according to a 0.2s gradient, and
a total of 4 parameters are set from 1.72 to 1.78, and the test die is punched to observe the
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elimination of weld marks, which is more reasonable Needle valve opening period. After the trial
mode adjustment, the optimized process parameters of the needle valve opening time are shown in
Table 5.

Table 5 Optimization of Needle Valve Opening Time after Mold Test Verification

Gl(s) G2(s) G3(s) G4(s) G5(s) G6(s)
Valve opening time | 0.93 1.76 0 1.61 0.90 1.76
()
Injection time(s) &) 4 3.5 4 5 4

6. Conclusion

Based on the molding CAE numerical simulation, the SVG mold structure is expected to be
verified in terms of the number of gates, pouring points, hot runner selection, reserved dimensions,
cooling circuit layout, water inlet selection, and insert materials, etc., and optimized accordingly
The mold scheme enables the organic combination of the mold structure and the molding process to
achieve the ideal mold test state. Effectively shorten the mold design and manufacturing cycle,
improve product quality, and reduce production costs.

Virtually build an injection molding process based on the molding CAE technology. Under the
theoretical framework, from the analysis of plastic material performance, the choice of injection
molding machine, the estimation of the molding cycle, the setting of the filling-holding pressure-
cooling-warping parameters, and then SVG valve gate opening sequence and time are accurately set,
and the scheme is compared and selected, which is a process of continuous modification and
optimization of the molding process. In the test mode verification of the injection molding machine,
adjusting the parameters of the injection molding machine in combination with the actual
production is a further process optimization process. The final verification result reflects the
excellent molding effect and good product quality.

Practice has proved that the molding CAE numerical technology and hot runner sequence control
technology have good application value in molding such large-size, thin-shell plastic products that
require higher appearance.
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Tab.3  Finite element analysis results of linear ball guide
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Tab.1 Basic information of linear ball guide and rated load
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Mould Design of Button Injection CAE and Double
Inclined Core Pulling Mechanism
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ST EABHNSAREETZ, (B R SN BR R RPIERRIZE R it T S 2R
Hats, 88: BEVMNSENNASEHTNABRTE—ER, RABAAL AR NGRS BT
ERNMSQEARRRAMNRERG AEANEE SERFEHNAE. HEREREHTEINERS
th, ARFET . MAEHENEN0.5956s; BHTHEENS2.34s; RAFHENH27.293 5 MPa; BX
BN 765207 t, HEBERHAFIRIRMT SE,

The structure and molding process of the plastic button are analyzed. According to the plastic
material properties, external shape and internal deep cavity characteristics, an injection mold
structure with symmetrical distribution is designed. It includes the following two parts: the

_ double side inclined guide column’s side parting core pulling mechanism is used for the
same mold, and the structure of the concave part of the plastic part is used as the top and out
position to ensure the effective running of the opening and closing die, and the gating system,
the combined cavity, the reset and ejection mechanism of the mould. The injection mold flow
analysis of the gating system is carried out. At the same time, the mold filling time is 0.595 6
s, the ejection time of the plastic part is 82.34 s, the maximum injection pressure is 27.293 5
MPa, the maximum clamping force is 6.520 7 T, which provides a reference for injection button
products. '

Abstract:

ES i &4 FWCAE; #R; M - EgES. TP391.7 - XEkRIRE: A

'Key words: Button; Injection CAE; Mould; Double oblique side core pulling
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Design of Multi-cavity Injection Mold for Plastic Robot

LI Hailin', WANG Jinhong' ,DING Ligang®, ZHAQO Yonghao'

(1. Guangzhou City Construction College, Guangzhou 510993, China;
2. Zhongshan Torch Polytechnic, Zhongshan 528436, China)

Abstract; In this paper, the structural manufacturability of special-shaped composite products was

introduced by using the plastic robot products as carriers, and the forming scheme of one mold with

many different cavities was determined. Based on the CAE numerical simulation technology, the

design of the mold gating system was optimized to resolve the unbalanced filling problem occurring

in the flow passage. Meanwhile, a special structure was additionally arranged on the runner to

solve the problem of space storage for the products after injection molding production. According

to the functional requirements of the products, a core pulling mechanism was arranged in the mold

to solve the technical problem of thread clamping after the product was formed. The mold achieved

good results in the actual production process. This work provided a good reference for the design of

similar molds.

Key words: combined cavity; simulation analysis;injection mold
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A covering type extrusion die with twin cavities for semi-hollow Al-profile

LI You-bing' DENG Ru-ong’

(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
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