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Abstract

The plastic cement belongs to a sort of polymer material, the chemical composition is very com-
plex, and the plastic cement work-piece is generally manufactured by die press forming. Aimed at
being difficult to control in parameters of forming process, the paper explored the humanoid
based intelligence control strategy. In the paper, it made the anatomy in control puzzle resulted in
uncertainty such as chemical component of plastic cement etc., summarized up the characteristic
of cybernetics in forming process, researched on the humanoid based intelligence control strategy,
and constructed the control algorithm of forming process in plastic cement work-piece. Taking the
process experiment of temperature and pressure control as an example, it validated the good dy-
namic and static control quality through simulation of control algorithm constructed in this paper.
The experimental results show that the control algorithm explored in this paper is reasonably
available.
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1. Introduction

The plastic work-piece owns a wide application in engineering field, however, the physical and chemical prop-
erties of the products are restricted by many factors such as compound formula of sizing material, structure size,
molding process, processing environment and so on. Due to the complex technics in the production process, the
control of the production process mainly depends on experience and skills of the operator at present, and the
stability of product quality is controlled by the subjective initiative of the operator in a great extent. In view of
the current production process control is difficult to guarantee the stability of product quality and to avoid being
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influenced by human factors, the key improved the stability of product quality is to adopt the correct control
strategy, and therefore, this paper explores the control strategy of the plastic work-piece forming process.

2. Control Puzzle of Forming Process

Under the specified conditions, the forming control is the physical and chemical process which makes the poly-
mer plastics compound material and various additives produce the cross-linking chemical reaction. Except the
control process is influenced by the factors such as product formula etc, the key factor which has a decisive im-
pact on the performance of the product is to control the forming temperature, temperature holding time and in-
jection pressure of forming process. If a certain pressure is applies to the die press work-piece forming process,
then it can promote the flow of plastic material in the mold cavity, and eliminate air bubbles so as to ensure the
compactness of the product. The pressure depends on the product structure, the nature of the material and the
technics conditions. For example, if it is poor in mobility of plastic material, in order to eliminate the bubble and
make the plastic material be able to be filled in the whole mold cavity quickly, and then the pressure should be
larger. Due to the plastic being a polymer material, even if it is the same material, its difference of the molecular
weight can probably be tens of thousands of times, so the forming process is full of serious uncertainty. In the
forming process of plastic product, the temperature field distribution in the mold cavity is not uniform, the heat
transfer is obviously lagging, it belongs to the non-steady state system, and therefore, there is obvious the strong
nonlinearity. The thermodynamic property is varied with chemical reaction because of the change of heat trans-
fer and heat capacity of plastic material, and so the heat transfer lagging is unknown and time variant. The plas-
tic material is a bad heat conductor, the thermal conductivity is related to the temperature and so on, and so its
thermodynamic parameter has a great uncertainty. In the forming technics of molded plastic products, the tech-
nical key that influences the stability of product forming quality is to actualize the optimization control for in-
jection pressure, process temperature and forming time of the forming process. The above is just the control
puzzle currently faced on the forming process control, and as to what kind of control strategy should be taken, it
deals with the study on the cybernetics characteristic of the forming process. The following explores the related
control strategy.

3. Cybernetics Characteristic and Control Strategy of Forming Process

Process cybernetics characteristics. Based on the analysis of control puzzle in work-piece forming process
mentioned above, the cybernetics characteristics of forming process can be summarized up as the following [1]
[2].

1) Uncertainty of process parameters. Because there is any fixed chemical formula of the plastics material, the
forming process is closely related to the factors such as the nature of the plastics material formula and so on, and
a variety of uncertainties lead to the randomness of the process parameters, distribution, time varying and the
unknown. It is to say that the process parameter given in the design is only a reference value of estimation.

2) Large inertia and pure lag characteristics of forming process. The plastic material is not a good conductor
of heat transfer, and there is obvious the heat transfer inertia and lag characteristics.

3) Strong nonlinear characteristics. The thermodynamic equation itself is a nonlinear differential equation or
partial differential equation, and so the whole molding process is strongly nonlinear.

4) Time variant and unknown of processes time lag. In the chemical reaction process, the time variability and
the unknown of the time lag are bound to be caused by uncertainty because of its material properties are con-
stantly changing.

5) In the process of forming process, the environmental disturbances are not predictable and own the diversity.
In the face of the above cybernetics characteristics, it is impossible to obtain the expected control effect with the
conventional control strategy, and therefore, it is necessary to seek new control strategy.

Control strategy selection. The forming process is too difficult to be mathematically modeled, and the con-
ventional paradigm control strategy is not desirable because of it is impossible to achieve optimal control. It can
only provide the selection is the intelligent control strategy. Such as fuzzy control strategy has currently been a
lot of successful application cases, but in the face of uncertainty forming process control, the control effect is not
ideal, and it is obviously powerless because of the membership function can not be determined. The expert con-
trol system can handle various kinds of the information including the precise, fuzzy, qualitative and quantitative
information, but in the forming process of uncertainty, the acquisition of relevant experienced knowledge is not
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so easy, and it is very difficult to provide control mode for forming process control. The HSIC (Human Simu-
lated Intelligent Controller) or humanoid based intelligent controller is the isomorphic transformation of human
control system, and it simulates the human behavior and is particularly worthy of attention. The HSIC control
strategy is different from the PID conventional control, and it adopts generalized knowledge feature model to
implement the control for controlled process. Both the dynamic and static characteristics of the process are con-
sidered, it researches on the control strategy, control mode and control algorithm of the process from the concept
of system hierarchy, and therefore, it has the notable characteristics such as being high in control precision, short
in transient process time, strong in robustness, no overshoot, and easy in integrating the experience, skill and
wisdom etc of the actual field operator. The advantage of humanoid based intelligent control strategy is to im-
itate the control behavior of the control expert, and it can implement the multi-mode control of humanoid based
intelligence for forming process based on the integration of a variety of knowledge. As the control strategy is to
take into account for the need to dynamic and static quality index of the process in rapidity and smoothness, ro-
bustness and accuracy and so on, it is more close to the actual engineering application. The successful engineer-
ing practice has demonstrated the superiority of the explored control strategy [3]-[5], and therefore, the selects
the strong robustness control strategy of humanoid based intelligence in this paper.

4. Control Model and Control Algorithm

Control model structure. In order to research the control algorithm, it is necessary to explore the control model
and controller characteristic. The generalized control model of humanoid based intelligence is essentially an in-
telligent program system. It firstly makes the integration of the user index and the knowledge base and fuses the
integrated result into a generalized knowledge set, and then the knowledge set, the inference mechanism and the
control rules are integrated into a humanoid based intelligent controller. The model structure of the generalized
control model is shown as in Figure 1, and in Figure 1, the r(t), e(t), u(t), y(t) is the process input, process error,
controller output and controlled process output. For convenience in the following discussion, the e(t) is shown
by e, and its change rate is shown by ¢é.

Control algorithm. Analyzing the relationship between the process error e and the change rate ¢ of the
process error, the error phase plane can be formed as shown in Figure 2, and from control theory, it can sum-
marize out the error feature mode of the control process. When the process error e lies in the second and the
fourth quadrant of the error phase plane, namely e-é<0 or é=0, the process error would represent the re-
duced trend and gradually approach to zero. When the process error e lies in the first and third quadrant of the
error phase plane, namely e-é>0 or e=0 and é =0, the process error shows an increasing trend. Aimed at
the different two kinds of error feature mode, its corresponding control strategy is that when e-é<0 or ¢=0,
because it makes automatically the process error gradually approach to reducing, and therefore, the “hold” con-
trol mode can be selected. The advantage of this control mode is that it can eliminate the integral saturation and
the phase lag problem without increasing the integral node. When e-é>0 or e=0 and ¢=0, because the
negative feedback proportional control can reduce the error, therefore, the proportional control mode can be se-
lected.

In order to achieve fine control, the error phase plane can be divided into symmetrical and different control
regions according to the process error e and the change rate ¢ of the process error being different, and the
error phase plane shown as in Figure 2 can be divided into different control areas. For example, it can be set in
advance to the two threshold, such as Abs(e;) > Abs(e,), and ¢ set a threshold Abs(é:), then the whole error
phase plane can be divided into 6 control areas. Aimed at the different error feature model of different regions, it
can take different control strategy, and so the control algorithm of the different error feature is constructed.

1) If Abs (e) > Abs (ey), regardless the change rate of process error is how to take the value, aiming at the cha-
racteristics of the process error being large, and the process error must be reduced. Therefore, the Bang-Bang
control strategy is the best selection because of it can most rapidly reduce the error of the process.

2) If e-6<0 but Abs (€) > Abs (é1), then the proportional control mode is desirable because of the
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Figure 1. Generalized control model.
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Figure 2. Error phase plane.

process error being reducing. Since the joining of differential control can accelerate the change of the error rate,
it can adopt the proportional plus derivative control strategy.

3) If e-é>0, Abs(e) < Abs(e;), the value of Abs (€) can be taken in arbitrary value, due to the joining of
differential control can accelerate the change of error change rate, and so the proportional plus derivative control
strategy is desirable.

4) If e-é<0, but Abs(é) > Abs(é1), then in order to accelerate the change of error change rate, the propor-
tional feedback differential control strategy is available.

5) If e-é<0, Abs(e) < Abs(ez), Abs(€é) < Abs(é1), in the case of both process error and its change rate all
reach the expected value, then in order to eliminate the steady state error of process control, the proportional
plus integral control strategies are available.

Summarizing up the above five pieces of control rule, the control algorithm can be expressed as the following.

sgn (€, )U ey (Abs(e) > Abs(er))
K, €, (Abs (&) Abs(&1))

o, =Ko & +Kg (Abs (&)= Abs(e1), Abs(e) = Abs (ez))
—K} -e, + K én (Abs (&)= Abs(&1), Abs(e) < Abs (ez))
-K, e, +K, -Zn:emyl (Abs (&) < Abs(e1), Abs(e) < Abs (e2))

In the control algorithm, e, is the nth process error, en; is the ith extremum of process error, € is the nth
change rate of process error, uy is the nth output of controller, Up,y is the Maximum of controller output, Kg, Kj
is respectively the differential coefficient, K,, K| is respectively the proportional coefficient, and the K; is the
integral coefficient.

Essentially the control algorithm is to simulate the human thinking process, and according to the error feature
model, it can construct various kinds of algorithm to make the control for the forming process [6] [7]. Based on
combination with open loop control and closed loop control, there is only two sorts of basic process error dy-
namic feature mode [8]. Its prototype control algorithm can be summarized as follows:

n-1
K,-e+k-K,->e,, (e-é>00re=0€&%0)
_ i=1
U - n
k-K, > (e-é<0ore=0)
i=1
In the prototype control algorithm, k is the suppression coefficient, U is the output of controller, and the other
symbol meaning is the same as the previous mentioned above.
The above does not deal with the process performance specifications, such as the speed of response to the rise
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time, the length of time to adjust and so on, and therefore, it is necessary to integrate the advantages of other
control strategies to meet the requirements of the process performance index for more complex process. For
example, when the process error is very large, if it adds into the Bang-Bang control, then it can shorten the time
of the rise and so on. In order to simplify the system control structure, it can make the knowledge of expert
knowledge and the skill of the operator of the field such as control rules and knowledge base, etc. integrate into
a body, and constitute a fusion controller based on humanoid intelligence, and adopt production control rule to
realize the process control. The advantage of this strategy is that it is good for modularity and nature because
there is no direct relationship between the control rules. According to different conditions, each rule can be in-
dependently increased, deleted and modified, and it has better environmental adaptability so as to constitute a
strong robustness controller [9] [10].

5. Simulation Experiment and Its Analysis

Simulation experiment. In order to verify the strong robustness control performance of algorithm, the response

of the process is studied from two aspects of strong external interference and process parameter change in the

simulation experiment. Taking PID control as a reference, it makes the comparison of process response robust-

ness, and observes the technical specification changes in rise time, adjusting time, whether overshoot, and steady

state control precision and so on. Here it takes model as W(s) = Ke ™/(Ts + 1) to make the simulation. In which,

K is a gain coefficient, T is the time constant of controlled object, T is pure lag time of the system. For conveni-

ence, it takes K = 1, T = 1.2, 7= 2, then it can get W(s) = e %/(1.2s + 1), Based on the environment of MATLAB,
under the condition of unit step input, it makes the simulation for the same controlled object respectively by PID

and HSIC controller. The response curve of simulation is shown as Figure 3.

In Figure 3, curve 1 and curve 2 are respectively the response curve of PID and HSIC controller. It can be
seen that both curve 1 and curve 2 do not appear overshoot. But the rising and adjusting time of the former is
longer than HSIC controller, and therefore it owns better control quality than PID controller.

The following makes comparison of simulation curves under the different conditions so as to explain HSIC
control to be better than PID control. Figure 4 shows the curve which joins a pulse interference att = 4.5 s, it
can be seen that HSIC controller has better anti-interference performance than PID control. Figure 5 shows the
curve comparison which the open-loop gain K changes only from K = 1 to K = 2, it can be seen that the over-
shoot of PID controller is enlarged much more, but it is still kept non-overshoot for HSIC controller.

1.1
1.0

1--PID control
0. & 2--HEIC control
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Figure 3. Process response curve.
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Figure 6 shows the response curve when t is changed from 2 s to 4 s, and it shows that the overshoot is more
enlarged for PID controller, but for the curve of HSIC controller, in spite of there being a little change it is still
hardly any change, and it is only to postpone 2 s in response time. Figure 7 shows the response curve when T
changes from 1.2 s to 2 s, and it is slightly a overshoot for PID controller, but there is hardly any change for
HSIC controller in response curve.

Here it is worth to be mentioned that if it follows a inertia unit after controlled object, then the transfer func-
tion will be W(S) = Ke ™/(Ts + 1) (2s + 1), the result of simulation is shown as in Figure 8. From Figure 8, it
can be seen that the overshoot enlarged for PID control, but for HSIC controller, there is hardly any changed in
response curve, and special there is not any overshoot.

The above simulation shows that HSIC controller has better robustness and anti-interference performance
than PID controller.

Experimental verification. Now taking a plastic bearing work-piece forming control as an example, the two
control methods of PID and HSIC are respectively adopted to control the forming process in control system be-
fore and after reform, the expected pressure is set to 16 MPa, the range of the original process pressure change is
from 16.50 to 15.12 MPa, and the change range of the process pressure is drom 16.14 to 15.84 MPa through
reform. In order to compare the control effect, the sampling period takes 100 mS, the continuous sampling time
is 10 minutes, the pressure average value, variance and range of two kinds of pressure control system can be ob-
tained according to the data processing of sample record, and the statistical values of the process pressure para-
meters are shown as in Table 1. Compared with the data in Table 1, it can be known that HSIC control effect is
obviously better than the control effect of PID. In the same way, the statistical values of the process temperature
parameters of the PID and HSIC two control methods are compared, if the temperature value is set to 165°C be-
fore and after the system reform, then the observation record shows that the temperature range of the present
process is from 163.0°C to 166.5°C after reform, and the temperature range of the original process is from
152.0°C to 173.0°C. The sampling period and sampling time are the same as those of the above pressure system,
and the average value of the system temperature parameters, the variance, the range of statistical values are
shown as in Table 2.

Analysis of simulation and experiment. The simulation of the process shows that the HSIC control has the
strong robustness for the process control of forming process in complex plastic work-piece. In addition, the en-
gineering experimental data in Table 1 and Table 2 show that the control effect of HSIC control algorithm is
more ideal, owns a relatively strong engineering adaptability in aspects of control accuracy, mean, variance, and
range and so on.

6. Conclusions

The key to control the process of plastic molding is to control the process temperature, injection pressure and
holding time. In view of the large inertia and large time lag characteristic of the controlled process, it suffers
from lots of influence in multiple factors with uncertainty, and the control of forming process is very difficult.
Simulation experiment and engineering practice of HSIC strategy proposed in this paper show that the control
strategy is feasible and effective, and it provides a useful reference for work-piece forming process control in
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Figure 6. Response with time-lag changed.
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Figure 8. Response changing as a 2-order system.

Table 1. Comparison of statistical values of process pressure parameters.

Statistical value

System Average value Variance Range
Original system 15.82 0.62 1.38
Current system 15.97 0.12 0.30

)
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Table 2. Comparison of statistical values of process temperature parameters.

Statistical value

System Average value Variance Range
Original system 163.2 8.0 21.0
Current system 164.7 1.1 35

polymer plastics.
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