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CONSTRUCTION OF PARALLEL COUPLING MODEL AND
CONTROL STRATEGY FOR LED WELDING

TRANSMISSION SYSTEM

MEI Yang-han'?, PENG Yan'*, HU Zong-hui3, ZUO Da-li*?

Aiming at the low transfer efficiency of traditional LED bracket welding,
Problems such as poor transfer coordination and low synchronization accuracy
caused by external interference of dual-axis platform, a synchronous control
strategy with disturbance compensation is analyzed and designed. The model is
established based on software of MATLAB. Finally, the test experiment was carried
out on the prototype. The results show that the parallel deviation coupling
synchronization control with disturbance compensation is better than the traditional
control strategy, synchronous control error is reduced by 60%, and tracking error is
reduced by 45%.The disturbance immunity and stability of the system are obviously
enhanced , the tracking and synchronization error are both reduced, It also
provides a more powerful basis for industrial automation applications.
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1. Introduction

In the modern electronic equipment industry, automatic welding
equipment has been widely used, such as LED automatic welding wire, circuit
board welding and electronic circuit welding. The automatic welding equipment is
a complex multi-axis coordinated working system. The key factor in quality is the
simultaneous control of multiple axes, which affects welding precision, efficiency
and packaging. Taking the LED automatic welding equipment as an example, the
welding process needs to meet the two matching times and speeds, that is the time
for the feeding shaft to complete the unit welding length, the time for the feeding
shaft to complete the single feeding, and the time for the loading shaft to rotate for
one cycle are equal, and the speed is matched, At the intersection, the dispensing
speed of the dispensing shaft is equal to the feeding speed of the welding. As a
wide-ranging problem, multi-axis synchronous control not only exists in welding
machinery, but also involves all aspects of automation control. Therefore,
multi-axis synchronous control technology has received extensive attention and
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engineering practice research by experts and scholars at home and abroad
[1, 2, 3].

At present, with the wide application of the two-axis synchronous control
system in electromechanical automation equipment, two main synchronous
control modes of mechanical and electronic control are formed. The mechanical
synchronization control is simple, but the structure is complicated, which leads to
many transmission errors, the result is that the control precision is very low. The
electronic control synchronous control does not have these shortcomings.
Therefore, the electronically controlled synchronous control mode has become the
mainstream direction of the development of the dual-axis synchronous control
mode. The electronically controlled synchronous control mode mainly has three
structural forms: master-slave control, parallel control and cross-coupling control
[4, 5]. The synchronous coupling control mode refers to a control method that
uses the compensation unit to compensate the deviation of the two axes on the
basis of the parallel control mode. The compensation unit compensates the two
axes based on the acquisition of the two-axis deviation signal, and obtains better
synchronization control effect [6, 7, 8]. In view of the advantages of coupling
control, this paper constructs a position control method based on deviation
coupling. And carry out simulation verification analysis.

2. Integral Design of LED Welding Feed System

The whole process of LED bracket welding and assembly is as follows:
take the LED bracket, load, weld, unload, sub-package, and finally into the
warehouse. The main function of this automated dispensing equipment is to fully
automate the above process. That is, the device can automatically take the LED
bracket and push it into the material transfer rail, transfer it to the designated
position, complete the welding, then transfer it to the position of the empty
magazine, complete the boxing work, and finally push into the small warehouse.
Complete a welding cycle, the specific welding process is shown in Fig.1.
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Fig .1. Double-track stereo sub-assembly scheme

According to the welding process, in order to achieve high-efficiency
welding and dispensing, the two-way feed servo shafts are fed separately.
However, if the two axes are fed separately, the positioning control algorithm of
spindle motor will be more complicated, and frequent positioning takes more
time. Moreover, the motor is frequently moved to increase the load, which leads
to an increase in the design cost of the spindle. Therefore, in order to improve the
efficiency, the control precision and reduce the cost, the synchronous control
design of the two-way feed servo axis is adopted, and the design of the two-way
feed structure is as shown in Fig.2. It is mainly used to transport LED
simultaneously with two motors-two tracks. The key to this design is synchronous
feed servo control, which ensures synchronization of feed welding control,
high-speed and high-precision positioning welding, and guarantees the quality of
LED product welding.

Fig. 2. Dl]él—track Servo Feed Structure
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3. Construction Feed System Simulation Model

The complete model establishment of the two-way dual-motor
synchronous feed system should include a full-closed mathematical model from
the controller end to the final workbench. For the convenience of establishment
modeling, it is divided into two parts to be modeled separately. The boundary line
Is to establish the mechanical dynamics model of the motor-ball screw-workbench
and the electronic control mathematical model of the controller-motor.

3.1 Construction of Single Feed Model

In order to realize the two-way synchronous control, the construction of
the single-channel control model must be completed. According to the design
structure of Fig.2. the model is simplified as necessary, which is simplified to the
motor-ball screw-workbench diagram shown in Fig. 3. Its main parts include:
motor, coupling, ball screw and workbench, where reduction ratio is 1:1 (no gear
reducer), the modeling process is as follows:

M
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Ball Screw Pair
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Fig. 3. Single-screw servo feed system model

The mechanical transmission dynamics model of the ball screw drive is
established by the principle of Jean le Rond d” Alembert [9, 10, 11] :

T=(ZJo+M-2)X(t) +C- =X ()

2T

Where: T is the torque on the screw rod, P is the lead of the screw, M is
the mass of the table, J, is the moment of inertia of the screw, C is damping
coefficient of the system, and X(t) is the displacement of the workbench.

From the torque balance equation, the torque conversion of the screw
drive is converted to the motor shaft, so the torque balance equation on the motor
shaft can be obtained:

K[B() —ZX(D)] =T + )y - 2 X (1) w)

Where: K is the torsion stiffness of the screw, @(t)is the amount of
rotation of the motor, J; is the moment of inertia of the motor.

In combination with the screw and motor drive model above, the eq.(1) is
substituted into the eq. (2) to obtain:
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K-9() =KZX@®) +C =X+ 1=+ o=+ M-—) X(t) (3)

Where: the input @(t)is the amount of rotation of the motor, and the
output X(t) is the platform displacement.
Thus the open loop transfer function can be pushed to eq.(4).
Gl(s):X s) _ K (@)

S) 2r 20 Py ca o P ol 2T
? (11P+]0P+M2n> S?+C—S+KJ

After calculating the selected screw and motor model, it is calculated that
J1 = 0.045 x10~*kg.m?, J, = 8.738 x 10~° kg. m?and the the screw pitch P =
0.005m, the damping coefficient (C)of the screw platform under the lubricating
oil system is 0.469, and the torsional stiffness (K) is =0.82.

Therefore, the controlled object model can be simplified to eq. (5).

G,(S) = X (S 4.1x1073
1 T ¢ (S)  0.0002852+0.3635+1

()

3.2 Construction of Motor Control Model

At present, the permanent magnet synchronous motor and the brushless
DC motor are widely used in the servo feed control of electromechanical
products. Combined with the characteristics of small torque required in the
process of LED bracket transfer, the design uses a permanent magnet synchronous
motor.

The stator voltage equation of the permanent magnet synchronous motor
in the d-q coordinate system is eq. (6) [12]:

{ud = Rgig + lpd - 1l’qwr

uq = Rsiq + lpq + lpdwr
‘q

-g @Lala ‘ iaRs

Us ‘
Aoy

(6)

d
—
Fig.4. State motor vectorin iy =0
The stator flux linkage equation is eq. (7):
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Vg = Laig + ¢
. 7
{ Vg = Lqlq 7
The electromagnetic torque equation is eq. (8):

The mechanical equation of motion of a permanent magnet synchronous
motor is eg. (9):

dw;

Te =1 dz + Ty + Cqwr (9)

Where uy, ug-the mover voltages on the d -q axes;
lq, Bq-the mover currents on the d- g axes;
Ya, YPq - the permanent magnet flux linkage on the d-q axis;
Lg, Lg-are for the mover inductance on the d-q axis;
Y- the magnetic flux of the rotor of the motor;
R- the stator winding resistance;
T,-electromagnetic torque for the motor;
T,-for the motor load resistance torque;
J; - for the motor's moment of inertia;
w, - motor mechanical angular velocity;
C,4 - 1s the motor damping coefficient.

From the mathematical model of the synchronous motor, it can be
concluded that the control of the motor output torque ultimately comes down to
the control of the motor's straight and quadrature axes. The most common current
control method for permanent magnet synchronous motor is iz = 0, which is to
make the stator current vector and the permanent magnet magnetic orthogonal in
space. The method is simple and the workload is small, and the application is
extensive. Therefore, at that time of i; = 0, the motor torque equation can be
transformed into eq. (10).

T, = 1.5Py i, (10)

Therefore, on the g-axis, the stator voltage equation is further simplified to
eq. (11) (without considering the effect of the armature response on the output
torque).

Rsiq + Ls <% = 1 — Paor (11)

Where w,(w, = w, - B,) is the mechanical angular frequency of the

rotor of motor, and P, is logarithm of magnetic poles.

Eq. (12) derived from of laplacian variation egs. (11).
1(S) 1
U(S)—YqwnPn(S)  LsS+Rs
Eq. (13) derived from of laplacian variation egs. (10).

(12)
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wn(S) 1

15PYrIo(S)-Ta(S)  J1S+C (13)

The mathematical model of the motor armature can be obtained as a

first-order inertia link, and the transfer function block diagram design is shown in

Fig.5, whereK; =9 ,B, is the back electromotive force and K,= 1.5Pyyis the
torque coefficient.
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Fig. 5. The model block diagram of motor armature

Only the middle-loop speed loop and the inner-loop current loop are
considered when establishing the mathematical model of controller-motor.
Because the speed loop cross-angle frequency is low, the current loop can be
simplified to the first-order inertia link. In order to make the system have good
anti-interference performance and achieve no static difference of the speed, the
speed loop can be corrected to a typical type 11 system [13,14].

Combined with the control requirements of subsequent dual motor
synchronization, the speed loop should have better Speed following characteristics
and anti-interference ability, and the position ring should have greater rigidity,
thus strictly ensuring positional accuracy. Thus, fine-tune the parameters of each
controller and build a system simulation model in the environment of simulink as
shown in Fig.6.
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Fig.6. Integrated control model of single-circuit motor system
For the control mode system, input a step signal with a response time of 2s
and an amplitude of 1 and load an interference signal with a delay of 3s. Observe
the step response of the system as shown in Fig.7.
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Fig. 7. Step response curve of single-circuit motor system

It can be seen from the simulation results that the system recovers its
original state quickly after being disturbed, and the stability of the system is well
controlled. However, the amplification response shows that the system response
time is about 0.12 s, the jitter amplitude is large. The state error reaches 6%, and
the positioning accuracy of the system is greatly disturbed. This will not meet the
design requirements for accurate positioning of the LED bracket. In order to
improve the tracking control accuracy of servo system, the position control is
improved (as shown in Fig. 8). The position loop regulator is added to the system
(as shown in Fig.9). The relatively appropriate proportion, integral and differential
coefficients are determined through experimental debugging.
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Fig.8. Two-way control model of dual motor
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Fig.10. Step response comparison of traditional-improved control
The simulation results show that with the improved PID control method,
the jitter error of the step response is significantly reduced, and the steady-state
error is reduced to 0.8%, which achieves better response and robustness, which
lays a solid foundation for the subsequent construction of the two-way control
model.

3.3 Two-way Synchronous Coupling Control Model

In order to realize the synchronous control of the two-way servo system
and ensure the tracking and synchronization of the two-way screw drive tables
during operation, the design is based on the deviation coupling control, which
consists of two parts. Part of it is the position error calculation model, and the
other part is the error redistribution module [15].Specifically, the position error
calculation model calculates the system out-of-synchronization error, and
compensates the system error separately through the redistribution module,
solving the imbalance force between the screw, the guide rail and the transfer
workbench, and affecting the synchronous feed, which affect synchronization feed
accuracy.

For the two-motor servo control system, define the position tracking error
of the single axis system as eq.(14).

& = Xo - Xi

(14)
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Where X,is target position, and X; is the actual arrival position, as
shown in

Fig. 11. Schematic diagram of two-axis synchronous control
According to the requirement of synchronization control, the
synchronization error of two axes is defined as eq. (15).
A=¢ — &
{Az= € — & (15)
Where Aj;and A,are the synchronization error of X1 and X2 axes, when
the synchronization error are zero, two axes are synchronous motion, and
expressed in matrix form as eq. (16).
d= Ae (16)

Where 3= [4,, A,]7,e=[e;> &,]T, A= [_11 ‘11]

In order to make the two-axis moving target position of the feed system
consistent, it is necessary to reduce the tracking error and the synchronization
error at the same time. Therefore, the two errors are combined to define the
integrated error as eq.(17).

T T
€= [81, 82] + a[sl — €y, € — 81] =€+ a3 (17)

Substituting eq.(17) into equation.(16).
€;=€+ad= (E+4+ad) € (18)

Where a is the coupling coefficient of the two motor control , E is an
identity matrix, E + aA is a positive definite matrix. From eq. (18) can be
concluded , only € - 0, just €, — 0(That is 3— 0:the controller target is to
ensure that both the synchronization error and the tracking error are reduced).

In order to achieve the above objectives, the deviation coupling control
strategy is adopted in this paper. as shown in Fig.12. where € = E,1Cyq — Ex2Cy2
and the PID module together form the error, C,, and C,, are the error
redistribution module ,to achieve separate compensation for the synchronization
error. According to the selected value of C,;and C,, (which can be a constant or
a function), get different ways of error redistribution, which effectively realizes
the closed-loop control of position error.
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The two-way system is simulated and modeled by the deviation coupling
control method. The Simulink model is shown in Fig.13. It is ideally considered
that the two-axis mathematical model is completely consistent, and the subsystem
PID regulator is also completely consistent. When the same disturbance is added,
the system simulation results that the two-axis displacement is completely the
same. Under the actual mechanical conditions, the disturbance of the two axes is
not completely the same. Therefore, in the simulation, the disturbance signals of
different intensities need to be added to the two axes. When different disturbances
are added to the two axes (the amplitude of the X1 axis is 2 and the X2 axis is 5),
the simulation results are shown in Fig. 14. The simulation results show that the
synchronization error of the system is obviously less, which is 60% lower than
that of the traditional control method, and the following error is reduced by 45%
,and achieve the desired effect.
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Fig.13. Model of Synchronous coupling control
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4. Verification analysis

In order to verify the effectiveness and practicability of the control
strategy, according to the product design requirements, the prototype is coupled to
the synchronous control test, so that the feed servo motor moves with the S
acceleration and deceleration curve, and the screw platform reciprocates on the
guide rail before and after the improved control. The position of the platform is
detected. The actual experimental data is shown in Fig.15. After the deviation
coupling is used for synchronous control, the relative deviation of the platform is

reduced by 50%.
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Fig. 15. Test results of synchronous control

5. Conclusion

Based on the research of the control method of the two-way feed servo
system, the mathematical model of the two-way transfer system was established.
The parallel deviation coupling control strategy was proposed . The simulation
model was built with Matlab and the prototype was tested. Comparison simulation
and test data show that the relative deviation of the platform was reduced by 50%.
Compared with the traditional control method, the deviation coupling control
method is reduced by 60%, and the follow-up error is reduced by 45%, which
provides a reliable research method for the subsequent multi-channel synchronous
control scheme design, and also provides a reference basis for the development
and design of automatic products and system parameter setting.
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