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ABSTRACT

At present, the manufacturing technology of air conditioning four-way directional valve
D nozzle at home and abroad has not met the actual production needs and specifications of
enterprises, and the leakage problem often occurs in the actual use of this kind of valve. This
paper proposes a special equipment for semi-automatic welding of air conditioning four-way
directional valve D nozzle, and through practical investigation and theoretical research,
determines the main structure and working principle of the equipment and other key
technical content, and designs the mechanical structure of automatic welding special
machine suitable for air conditioning four-way directional valve D nozzle.

The automatic welding machine designed in this topic has the following advantages: (1)
The semi-automatic welding technology is used to realize the welding between the main
body of the four-way directional valve and the D tube of the air conditioner. And in the
welding process does not need a lot of manual intervention and auxiliary tools, the operation
is simple and convenient; At the same time, it also solves the problems of poor weld quality
and high labor intensity under the traditional welding method to a large extent, and improves
the production efficiency and product quality. (2) The special machine occupies a small
space, the workpiece transmission precision is high, the workpiece heating temperature is
easier to control, can realize the automatic filler metal in the brazing process, can greatly
expand the normal range of automatic flame brazing.

The mechanical structure design steps of air conditioning four-way directional valve D
tube automatic welding special machine: First understand the working principle and main
configuration modules of the special machine, use AutoCAD 2022 software to draw parts
and assembly drawings, and complete the design of the special machine according to the
latest national drawing standards.

The automatic welding machine for D tube of four-way directional valve of air
conditioning is simple and reliable, and it is expected to have a good application prospect in
the actual production of enterprises. In addition, the design will also serve as the basic
conditions for the development and application of other similar products, and further
promote the improvement of China's industrial production level.

Key words: Automatic welding machine; Mechanical structure design; Air conditioning
four-way reversing valve D tube; Braze welding
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Load Initial
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End Sub

Sub stopp()
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MSComm1.PortOpen = False

End If

timeKillEvent ulD

Timer2.Enabled = False
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MintControllerl.DoStop (1)

End Sub
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Design of Special Welding Machine Based on
Open CNC System

Haibo Lin

Department of Mechanical and Electrical Engineering,
Taizhou Vocational & Technical College,
Taizhou, China 318000
linhaibo_tzvtc@1l63.com

Abstract. The Motion control card is used to design the rotational parts of the
welding machine. The motion control card or the entire CNC unit is inserted into
the expansion slot of general PC. PC is used for file management, user interface
and communications functions of the non-real-time part. The real-time control is
carried out by the units of expansion slot or the motion control cards.2D laser
displacement sensor is used to measure the welding data, transmitted via the se-
rial port control system to realize the real-time measurement and the real-time
welding. The results of the test show that this mechanism boasts of the advan-
tages of stability, smoothness etc. Positioning accuracy can be achieved as well,
Therefore it complies with the requirement of welding.

Keywords: Open system; welding Design; Control System; real-time servo
control.

1 Introduction

With the development of national economy, NC system is the core technology for NC.
Technology of automated processing has become an important indicator of national
science and technology. And it is also the key factor in modern weapons and equipment
development of the defense industry.

The rotational welding parts is widely used in industrial areas. However there exists
low degree of automation, high labor intensity, low productivity and other shortcom-
ings in traditional welding process. Welding becomes an important process in rotating
parts production. The Welding quality and speed has become a major concern of pro-
duction. The open CNC system is based on personal computer (PC) and software. It is
run by Modular, hierarchical architecture. And also it can provide a unified application
program interface for various forms. Thus the equipment can meet the need of im-
plementing complex control functions for the users, shorten the processing time and
improve processing quality and flexibility.
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2 Specific Components of the Welder

2.1 Overall Structure

The arc welding automatic machine based on open CNC system has achieved the
Welding of rotational parts, including the following sections: Special welding ma-
chinery parts, Measurement system, Control (servo) system, Welder and other auxiliary
equipment.

The motion control card considered as the core of the open CNC system was de-
signed in the system, which controls the cooperation between the motion torch and the
work piece to achieve synchronous operation. The automatic welding system based on
measurement-components is composed of the mechanical parts, control systems, laser
profile measuring instrument, the software part and welding etc. Overall structure is
shown in Figure 1.

fiture  TOtary table welding gun track system'q.: machine body  control cabinet

L I //7
e =
- -

i =
S = J

I

Fig. 1. The overall structure of welding

2.2 Mechanic Parts

The mechanical parts consists of the body, screw, rail, slider, seam location , mounting
brackets for tracking system and other components, completing the functions of
welding joint position, torch and laser scanning sensors installation. Welding fixtures
completed the manual welding aligning with the fixed clamping parts. In order to avoid
deviation when the parts is lifted, deformation of radial axis for the die, Stretching
deformation and vibration while the horizontal rotary of die. All of them affect the
welding speed and the accuracy of track. Meanwhile the machine turns into horizontal
rotary table body, composed of the rotating tray and AC servo drives and transfer
mechanism, completing the level of rotation and automatic welding process.
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laser measuning instrument

rotary table work piece X-axi1s U-axis W-axis

Fig. 2. The diagram of Mechanic system

2.3 Measurement System

Data Acquisition for welding seam is carried out by laser scanning products. It passes
through the serial port and leads to IPC. After calculation, it passes to the Motion
Control card, controlling the welding torch along with the radial and axial movement of
the work piece in the end.

2.4 Design of Open CNC Module

The welding process is a multi-parameter mutual coupling time-variable nonlinear
system. Many factors have affected welded seal quality and those factors have re-
markable randomness, it is very difficult to describe by actuary mathematical model, so
former controls method have bad adaptability and good dependence for experience in
the different degrees. The welding parameters refers to welding torch path, the pa-
rameters in particular, like welding torch speed, stop time, displacement, rotable angle
and so on. So we need to introduce intelligent control method to solve those problems.
At present, most welding torches adopt control technology which regards MCU as core
and adopt “PC+ movement control card structure” that inserts the movement control
card or the entire CNC unit in the general PC expansion slot (included imbedded PLC).
The PC manages non-real-time function like document, user interface and communi-
cation. CNC unit that inserts PC expansion slot or movement control card manages
real-time function. At the same time, this control system adops 2D laser displacement
sensor measures welded seal data. Those data are sent to control system through the
serial port, so it can realize real-time measurement and welding. The control system is
composed of [PC (embedded movement control card, data acquisition card, digital IO
card and so on), AC servo driver, three-phase AC transformer and other electric ap-
pliances (like air switch, AC contactor, limit switch, magnetic switch). It can completes
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many functions like welding height control, welding position control, welding current
parameter settings, start , stop , speed control of welding positioner and so on; it can
realize Welding process plan ,welding path plan, welding anti-collision and
anti-interference control, arc welding real-time fault processing and so on.

The main control components of control system for special welder are as follows:
(1)there are three Panasonic AC servo motors, one is for the rotary table for the circular
motion, the other two servo motors is for the platform of micro-displacement of the gun
for X-Z table, achieving the movement of displacement of torch.(2)A stepper motor is
used to adjust the overall height of frame for welding operations.(3) The limit of X, Z,
H-axis and the zero detection signal are set up in this system.

Serial port communication is adopted by this system between motion control card
and PC because of its few lines and low cost. The system may construct serial port
connection between upper machine and motion control card, send commands, ex-
change data, monitor and response all kinds of errors and events which possibly occur
in the course of communication through a serial of standard communication commands
provided by VC++ communication controls, and then make use of it to build
full-duplex, event driven, efficient and practical communication program.

Communications. . .
Two-dumensional -

v

|~ laser displacement sensor +

Automatic welding
machine.

body-

v

v

XZC axis servo
system.

v

v
Machine

IPC and its interface software.

Motion Controller-

H-axis stepper and
servo motor-

4

»
>

Feedback element:

A

Fig. 3. Structure of Control system

2.5 Design of Software Module

This subject researches and develops special-purpose welding machine open numerical
control system software. It is divided into the real-time control module and the
non-real-time control module. Real-time display is that current operating position and
speed of the motor is monitor and display in the movement. Because of transmission of
information in this system by serial port communication, data exchange between con-
trol card and PC is carried on with the aid of function comms register, all those func-
tions can be achieved with help of the VB language.

The software module, includes input and output module, initialization module, data
processing analysis module, the error processing module, movement control module
and so on. Those modules control input and output, system initialization, parameter
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initialization, welding seal data de-noising, smoothness, interpolation, error proc-
essing and so on. Communication and driver software program of numerical control
system based on PMAC movement control card uses VC language with the help of its
Pcomm32 dynamic link library, so as to realize communication between machine and
PMAC card.Pcomm32 includes more than 200 functions. It covers all communication
methods between PC and PMAC card. Part of program is as follows:

Private Sub Commandl_Click()
Load Initial
Initial.Show
End Sub
Sub stopp ()
If MSComml.PortOpen = True Then
MSComml .PortOpen = False
End If
timeKillEvent ulID
Timer2.Enabled = False
MintControllerl.DoStop (2)
MintControllerl.DoStop (0)
MintControllerl.DoStop (1)
End Sub

After welding, welded seal position will change in X, Z coordinate directions all the
time. In order to track welded seal contour position accurately, we need to limit X, Z
directions of initial welded seal and set initial measuring region in the contour oscil-
logram. After settings of initial welded seal position, follow-up undetermined welded
seal position will be tracked by algorithm automatically. We may define welded seal
central and characteristic points, obtain the accurate welded seal center and edge posi-
tions by analyzing enlarged image of welded seal and different image characteristics so
as to produce welding torch aimed at the welded seal center. Because of preprocessing
welded seal coordinates data from primitive measuring welded seam data have error
and mutagenicity of initial value, we need secondary treatment for preprocessing
welded seal coordinates data so as to obtain stable, continual, effective welded seal
coordinates. In the model, it makes use of secondary treatment N spots data predict N+1
actual welded seal coordinate position.After that, it will N+1spot send to movement
control card and act; after welding torch completes, it makes use of N+2 spots predict
fellow-up welded seal coordinates position again, the rest may be deduced by analogy.
This method can guarantee welding torch act continuously and stably. At the same
time, its speed does not change suddenly, and thus guarantees welding quality.

3 Conclusions

The motion control card expansion slot or the entire CNC unit is inserted into CNC
machine in the common. PC is used for file management, user interface and commu-
nications functions of the non-real-time part. The real-time control is carried out by the
insertion of PC expansion slot of the CNC unit or motion control cards. The charac-
teristic of the system is much stronger than the traditional advantages of numerical
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control system. It has advantages of processing speed, high control precision and stable
running. It has also achieved the real-time servo control for special welding equipment
and semi-closed loop control, reducing the vibration for accuracy tracking. Results
show that the equipment is easy to adjust and stability of this mechanism is good,
improving the welding quality and productivity.
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