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Abstract. In order to solve special shape pipe automatic welding problem,a new decoupling control
system has been introduced,which is constructed on PID and RBF neural network.Input data is from
non-contact displacement sensor and angle sensor,and output data has been used to control servo
motor which always used to control the special shape pipe rotation and at the same time,the welding
torch has also been controlled in order to regulate the distance from pipe to the font of torch.The
simulation results show that the coupling system for special shaped pipe is effective.

1.Introduction

Special shaped pipe is widely used in industry.Through the purchase of special welding robot
can ensure welding quality and improve work efficiency,but the cost is higher.Using the manual
welding can not ensure the welding quality and the working efficiency.Therefore,by constructing a
simple shape pipe automatic welding device to complete the welding shaped tube which can
guarantee welding quality,and also have certain cost advantages.[1,2]

The key problem of special pipe welding equipment is how to solve the irregular shaped pipe
welding process turn around decoupling control problem.Decoupling method are common:adaptive
decoupling,decoupling robust and intelligent decoupling method. Yue Junhong was used improved
predictive function decoupling controller design,simulation results show that the decoupling system
can finish the decoupling task[1].Han Pu using muti-model predictive function to establish the main
steam temperature control system[2].Xue Haoyang use of BP nerual network to establish a PID
decoupling control of multi-variable system[3,4].

By optimizing the design of predictive functional control decoupling controller less influence the
dynamic characteristics of the controlled object,easily obtained parameters, which has a certain
practical value.[5,6,7]

I.The structure of the system

The unfinished welding shaped pipe section as shown in figure 1. The Special shape automatic
welding mechanism contain 3-axis linkage welding implement,tow axis position, data detecting and
processing part etc. During this process it is very important to keep a certain displacement between
the welding gun and surface of the objects. By controlling 3-axis and 2-axis position changer the
welding for special shape pipe would realize.

The data acquisition and processing part receive the information from non contact displacement
sensor and rotary coder. The coder would detect degree of the object rotating during the welding.
Then the data would be send to this part, and the welding machine will be controlled according to
decoupling control algorithm which has been write within it before. This process has a key
technology which is deal with the relationship between the welding gun position and the speed of
the special shape pipe rounding. So the decoupling control of welding process is the key technology
of it.[8]
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Figure 1 unfinished welding shape pipe

2 .Decoupling control system model

PID neural network from the structure is divided into the input layer, hidden layer and output
layer, in each hidden layer contains adjustable parameters P, | and D three parameters, as shown in
Figure 2[4].

X11, X12, X21, X22 for the decoupled system PID neural network input value, V1 and V2 is the
output decoupling system values, Y1 and Y2 is the output value of the tooling system. Among them,
X11 welding tooling turntable speed of servo motor; X12 is in accordance with the set welding
tooling shape turntable servo motor running speed curve shaped tube; X21 automatic welding
machine welding torch from the surface to be distance work piece setting value; X22 welding torch
from the work piece surface to be distance from the actual value; V1 is the output decoupling
system servo motor control, quantity; V2 for decoupling the output of the system, is the torch from
the work piece surface distance control quantity; Y1 tooling dynamic model control output, for the
servo motor speed; Y2 welding torch from the surface of the work piece size;[9]
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Figure 2 PID decoupling system structure

2.1.PID decoupling model

In a sampling time of K, input and output functions of neurons in the input layer of the PID
neural network can be expressed as[5]:

Xsi (k)= U (k) (1)
Among them, as the input layer neuron input; input and output layer neuron; The output layer:
2 3
X, (k) = Zzwsjh Xsj (k) 2)

s=1 j=1
Among them, as the connection weights of hidden layer and output layer is the output layer
neuron number.
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Train process own gradient descent algorlthm.The hidden layer to the output layer weights
training adjustment formulas can be expressed by the following formula group:
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The input layer to the hidden layer calculation formula can be expressed as[9,10]:
0J
Wy (n,+) = Wy (ny) — sij % (7)
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2.2.Welding tooling dynamic model

The establishment of process dynamic model: output by PID neural network decoupling system:
the calculated servo motor speed control quantity and the torch from the work piece surface
distance control quantity for training the RBF neural network input that system; servo motor output
speed and welding torch from the size of the work piece surface dynamic model is established for
the RBF neural network output. Among them, the output of the RBF network input from the PID
neural network, the input of PID neural network and RBF network from the set value of the output.

3 Algorithm simulation

Based on the MATLAB platform, construct the simulation model of PID and RBF neural
network.In the tracking target by shaped as drawing a given size tube contour shape, set sampling
points is 500, the network control variable to 2 step 0.01. Part of the turntable angle and torch

position data such as shown in Table 1, decoupling control curve as shown in Figure 3
angl Displace angle Displace angle Displacem

e/ ment,/mm / ment,/mm / ent/mm
5 23.1 10 23.3 15 23.5
20 24. 06 25 24. 9 30 25.5
35 25.9 40 27.8 45 29.6
50 34. 1 55 37.2 60 46
65 59 70 62.9 75 62. 3
80 61. 2 85 60. 7 90 60. 2

Table 1 Part of the turntable angle and the welding torch position data
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Figure.3 PID1 PID2parameter response curve
Simulation of PID neural network setting value as shown in Figure 3 and the output value, the
RBF controller output values as shown in figure 4.
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Figure 4 The controller output response curve
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4 conclusion

The simulation results show that the RBF neural network, decoupling multivariable PID
controller can complete the control of multivariable systems based on PID, compared with the
traditional decoupling control, the adaptive ability and anti disturbance of the obvious advantages.
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