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Abstract

A fuzzy control scheme is proposed for the system of filling and draining off water of the
rubber dam (FDWRD ) which is a typical nonlinear, multi- variables, time- varying and
strong coupling control system base on traditional PID control or model-based control
methods can not meet its constant flow sufficient drainage control requirements, during to it
couldn’t be established accurate mathematical model. In a practical project, a fuzzy PD
controller is designed for the constant current control of filling and draining off water of the
rubber dam, combining with the traditional PID algorithm which is widely used in industrial
process control, and achieved good control effect. This paper elaborates the control system of
filling and draining off water of the rubber dam and the implementation process of the fuzzy
PD controller, and then giving the actual control curve of constant current. Practice proves
that the proposed control scheme is efficient and the system possesses good static, dynamic
performance and certain robustness.

Keywords: industrial process control; constant current control; rubber dam; system of
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1. Introduction

Rubber dam is mainly composed of three parts rubber dam bag, civil engineering and
drainage facilities, with the polymer composite materials industry's rapid development and
the emergence of a new type of hydraulic structures in the 20th century late 1950s [1-3]. The
advantage of Rubber dam have low cost, simple structure, save materials, short construction
period, convenient operation, management and so on [4-7], and has been widely used in water
conservancy, water electricity, water transportation, etc. After years of development, rubber
dam technology is improving, and its corresponding supporting the automatic detection and
control technology has been greatly developed and applied, particularly the most prominent
drainage automatic control system in filling [8-12].

Flow is one of the three parameters in the industrial process control, and it must be
accuracy controlled in the process of industrial production. Generally there are two kinds of
traffic control methods about control flow. One is adopt AC inverter control the motor speed
achieve a smooth output flow step less adjustment according to the quantitative, the other one
is control the traffic of flow by regulating damper or valve opening. Frequency control mode
not only save a lot of energy, but also can improve the service life of the valve, reduces
system noise, thereby enhancing the reliability of the system compared with the other one
[13-14].

As the complexity of the operating environment and the actual project filling drainage
system structure design, this system is can not describe a precise mathematical model [15],
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multiple input multiple output, and strong coupling also show severe nonlinearities, large
hysteresis, time variability and uncertainty [16]. Therefore, conventional PID control strategy
or model-based control method can not achieve the purpose of precise control flow ,s0 Fuzzy
Control Method [17-21]which Knowledge-based and does not depend on the model can solve
this question provides a new way of thinking, fuzzy control first put the natural language into
a computer accept algorithmic language, through simulation human thinking reasoning,
expression of knowledge and experience in the use of uncertain fuzzy rules effectively
controlled object deterministic control. Therefore it does not need to establish accurate
mathematical model of the controlled object, only requires the site operator's experience and
data summarized into a better control rules can achieve control purposes [22-25]. In view of
the actual project operability and ease of implementation, in this project, we designed a fuzzy
PD controller for rubber dam filled drainage control and adjust the constant flow based PC
WiInCC, in the actual filling rubber dam drainage achieved good control effect during
operation, reached a constant flow sufficient drainage control purposes.

2. System of Filling and Draining Off Water of the Rubber Dam

Rubber dam filling rubber dam drainage system is the core of monitoring system, mainly
consists of PC remote control systems, filling and emptying pumps, aqueducts road, inverter,
electrical control devices, water level monitoring equipment, dam bag height and pressure
detection devices, etc. According dam bag height, bag pressure and the dam on the
downstream water level, through frequency equipment of pump motor start or stop and
electric butterfly valve switch of aqueducts road control dam bag automatic filling or
drainage, we have done filling or drainage system structure diagram in actual project as
Figure 1.
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Figure 1. System of Filling and Draining Off Water of the Rubber Dam

This filling drainage system consists of four lengths of 100m, a height of 4m rubber
dam bag and four pumps constitute 75Kw, four inventers control four water pumps.
Only one filling process is the "machine charge"”. Opens the valve 1,3and valve 5, so
that the formation of the corresponding water-filled path as Figure 1, the red arrow
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indicates the direction, then open the corresponding request dam bag inlet valve, and
start the corresponding number of pumps to be filled with water on the dam bag
regulation. Drainage process is divided into two ways, first, "self drainage", open the
valve 1,2 and valve 5 or valve 1,3 and valves 4, making pipeline path, Rely on the dam
bag or river pressure, so that the water does not pass through pump in the dam which
outflow by themselves. This approach is relatively slow and can not control the speed
of drainage. Another is the "machine drainage ", opens the valve 1,2 and valve 4 and
corresponding dam bag inlet valve, start a corresponding number of pumps for drainage
and regulate the dam bag.

The main problem of this filling drainage system is control of operating requirements
under rubber dam, the total charge displacement within the allowable range in the
rubber dam, adjust the inverter frequency reference after determining the open number
of pumps, rubber dam bags inlet and outlet flow rate constant in the "machine filling"
or " machine drainage " process, design a controller to adjust the pump speed by
inverter based on PC, Dam bag of inlet and outlet flow rate stabilized at pre-set state in
a short period of time, or track the trajectory of a set, meet certain dynamic
performance and allowable static error requirements, satisfy, and the number of pump
starts filling the dam can not be greater than the number of bags and other constraints.

3. Fuzzy PD Controller Design

We were filled dam drainage constant flow control tests on the rubber dam, according to
the rubber dam upstream water level and flow changes. traffic affected by many factors, as
The system itself (pipeline) design structure, dam bag with the charge, drainage highly
variable pressure on the downstream water level, the number of charging and discharging
dam bags and some outside interference, etc., system showed a high degree of nonlinearity
and strong coupling, So no matter what kind of modeling method that can completely
describe the dynamic characteristics, and the impact of the external environment of the
process as well as characteristics of the object itself changes during the operation will bring
uncertainty to the controlled object, so the traditional PID control is difficult to obtain
satisfactory control effect, taking into account the traditional PID control applications in
industrial processes breadth and fuzzy control technology features, combined with rubber
dam filling drainage characteristics of the process, system performance requirements and
control ease of implementation, we designed a fuzzy PD controller for rubber dam filled
drainage control and regulate the constant flow.

3.1. Incremental Digital PID Control Algorithm

PID controller is a linear regulator; this regulator is composed of a given value of the
system r and actual output value y and control deviation e-r-y proportional,
integral, differential, linear combination of the amount of control, continuous control
system analog PID control law is:

de(t)

] (1)
t

Here, x  scale factor, 1, integral time constant, T, derivative time constant.
Corresponding transfer function is

1 .t
u(t) = Kp[e(t)+—j e(r)dr +T,
T, 0

G(s):m:Kp(uinds) (2)
E (s) Ts
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In order to achieve computer-controlled production process variable must be discrete
analog PID formula, when the actuator is needed is the incremental volume control (for
example drive a stepper motor); incremental PID control should be used.

Formula (2) discrimination, according to Recursion can be obtained the principle:

k

u(k) = K e(k)+ K, Y e(j)+ K, [e(k)-e(k-1)] 3)

Formula (3) can be obtained incremental PID control formula:

Au(k) = u(k)—u(k —1) (4)

Au(k) =K [e(k)—e(k —1)]+ K e(k) + K, [e(k) - 2e(k —1) + e(k - 2)] (5)
Formula (5) can also be written as practical recursive type PID control formula:

u(k) =u(k -1)+ K [e(k)—e(k —1)]+ K,e(k) + K, [e(k) - 2e(k —1) + e(k - 2)] (6)

3.2. Fuzzy Control Algorithm
Fuzzy control, which based on fuzzy sets theory, fuzzy linguistic variables and fuzzy logic
inference, is an important approach in computer intelligent control, its basic concept is first
proposed by L. A. Zadeh who is a well-known professor from the University of California
[25-32]. After decades of development, the fuzzy control theory and applied research have
been obtained a major success. Compared with other modern control algorithms, the biggest
advantage of fuzzy control is it does not require the precise mathematical model of the
controlled object. This is what we select it in charge of the control system of filling and
draining off water of the rubber dam. The basic principle of fuzzy control is shown in Figure
1, it is a core part of the fuzzy controller, as shown in dotted line box. The control algorithm
of fuzzy controller is implemented by the computer program. Implementation the process of
fuzzy control algorithm is described as follows: The basic principle of fuzzy control is shown
in Figurel; it is a core part of the fuzzy controller, as shown in dotted line box. The control
algorithm of fuzzy controller is implemented by the computer program.

The implementation process of the fuzzy control algorithm is described as follows:
Microcomputer get the exact value of the controlled volume by the interrupt sampling, then
comparing with the given value to get the error signal E. Generally, electing the error signal E
as an input of the fuzzy controller.

The exact amount of the error signal E becomes fuzzy quantity bying fuzzification. The fuzzy
guantity of the error E could be represented by fuzzy language, and getting a subset of fuzzy
language set of the error E. ( e is a fuzzy vector). According to the synthetic rules of the
fuzzy inference to fuzzy decision, getting the fuzzy control volume by ¢ and fuzzy control

rules r (fuzzy operator). u =¢-R.
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Figure 2. Fuzzy Control Principle Diagram

3.3. Fuzzy PD Control Algorithm
Fuzzy control is an intelligent control method, which based on fuzzy set theory, using the
basic idea and theoretical of the fuzzy mathematics and combining fuzzy logic and fuzzy
linguistic variables. However, the control accuracy of the fuzzy control is not high, it has
been according to experts' experience, predetermine rules and membership functions of the
fuzzy controller, so to obtain good results is not easy. In the control process, the control
strategy is determined in advance, so it does not have correction, self learning and adaptive
ability. At present, having that the shortcomings of the traditional fuzzy control, many experts
have done extensive research and improvement work, and it gradually formed a fuzzy control
in various forms, and has the advantages of robustness and stability. At the same time, fuzzy
control combined other control strategy has been appeared and made great development, such
as fuzzy PID, fuzzy neural network, fuzzy variable structure sliding mode control, adaptive
fuzzy neural network and so on. The fuzzy PD controllers have combined the advantages of
both, and which have the advantages of fuzzy control of flexible and adaptable and the high
precision of PID control. The following, introducing the implementation process of the fuzzy
PD controller in details.

According to the operation needs, the system of filling and draining off water of the rubber
dam can constitute a nonlinear system which has 4 inputs (speed) and 4 outputs (flow), In
order to facilitate the research, we will approximate the system as 4 SISO (single input
single output) systems. Now take one of them as an example, introduces the design process
of fuzzy PD controller.

Considering the simple and rapid realization of the fuzzy control algorithm in in the actual
projects, we used two-dimensional fuzzy controller structure. The error of flow and error
change rate of the feedback system as the input of fuzzy controller, the control volume
increment as the output of the controller. So we can get the structure chart of the system of
filling and draining off water of the rubber dam based on fuzzy PD control as shown Figure 3.
In the Figure 3, 1, is the set values of the flow, ¢ is the actual value of flow, e (e=f - )
is the error of the flow, ec is the change rate of flow error, au is the control output and is
the input frequency of the pump. The basic working process can be described as follows:
First, according to the membership function, the accurate quantity e ,ec , become fuzzy
quantity e , ec . Second getting the fuzzy control output au by fuzzy inference according to
the fuzzy control rule, and then getting accurate control quantity au by deblurring. Last,
getting the control signalu by the standardized gaink, .
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Figure 3. Fuzzy PD Controller Block Diagram

Until Establishment of membership function is the process of the input and output variables
bying fuzzification. The fuzzy universe of the input variable e ,ec of the fuzzy PD
controller is {-2000,2000} , {-100,100} in this project. The fuzzy universe of the output

variable U is {-4000,4000} . The input, output of all fuzzy variables are described by the III

linguistic variable fuzzy sets. They are NB, ZO, PB, and each expressed as negative big, zero
and positive big. The fuzzy subset language variables of the error, error rate, incremental
controls are defined as follows:

N B N B
1.0 Z0O PB 1.0 ZO PB
0.5 0.5
0] 0o
-2000 -1000 0 1000 2000 -100 -50 0] 50 100

(a) Input variable e  (b) Input variable ec

PB
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(c) Output variable" u
Figure 4. Membership Function
Choosing different control rules has great effect in the fuzzy control. Therefore, the need for a
reasonable selection of fuzzy control rules in the design, being selected rules as shown in
Table 1.

Table 1. Fuzzy Control Rules

u \® NB ZE PB
ec
NB NB NB PB
ZE NB ZE PB
PB NB PB PB
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Through the control of output fuzzy reasoning is a fuzzy subset; it contains the amount of
control information. But the physical object in practical control only to accept a certain
control at a time. This requires the fuzzy decision (i.e., algorithm), to the fuzzy conversion
become the exact amount. In this paper, adopt the weighted mean method (WMM), i.e. the
membership function as the weighting function.

Ju(au)(av)

Ju(au)

Au

(7

4. Implementation and Experiment of the Fuzzy PD

This paper elaborates the basic principle of the fuzzy PD control and fuzzy PD control
structure above. Then introduce the implementation of the fuzzy PD control system in the
project. The actual control structure of the control system is as shown below. In the Figure 5,
there are the calculations between of the actual flow and the set values, control conversion
algorithm, Fuzzy PD control, Water pump frequency control, Electric valve control. And a
series of processing units for detection of the upstream and downstream water level, dam bag
vibration frequency, pressure inside the dam bag.

PLC control unit

Flow .
set value = =Controlled

- - . Actual flow
> - variable

i Data |\ ———N Fuzzy "y Rubber 7775
processing -

controller dam

Measured value

Figure 5. Control Structure of Filling and Draining Off Water of the Rubber Dam

The specific implementation steps of the fuzzy PD control in the PLC control program as
follows:
For illustration, f_ is the set values of the flow, ¢ is the actual value of flow, e (e=f - )

is the error of the flow, ec is the change rate of flow error. Fuzzy PD controller of the system
uses the PLC Direct look-up table method. And the main design steps of the direct look-up
table method of fuzzy PD controller as following:

(1) Determine the fuzzy universe of the error, the error variation and the control outputs;
(2) According to the rating of the fuzzy universe, combined with the proportionality factor,
the actual range of the e . ec is averaged to n ranks. Make a rank corresponding to an
element of fuzzy universe, so the exact value e . ec which been measured at some point
could be quantified as the corresponding elements x, . v, in the fuzzy universe.

(3) According to the fuzzy control table, we could get the the output control quantity u , of the x

NI A
i
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(4) The control volume u , multiplied by the scaling factor bying defuzzify is applied to the

object.

The lower position machine is using Siemens S7-300PLC for data and information
collection. The upper monitor is using WinCC configuration software to controlling and
monitoring. The fuzzy PD controller described above is implemented by using ANSI C
in the global script editor of WinCC. And in order to prevent computer in reasoning
fuzzy processing required a lot of time , we are using look-up table method to realize
fuzzy control. Finally, we carried out on-site commissioning. The experimental
conditions as follows: Open two pumps, open four inlet valve of the rubber dam. That is
realization the filling water experiment of the entire rubber dam.
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Figure 6. Actual Control Curve of Filling Water Process

From the above practical operation curve can be seen, when the total flushing flow
set point is maintained, the actual total flow and the pipeline flow can better track the
set value. Using fuzzy PD control method is effective to avoid the complexity of system
of filling and draining off water of the rubber dam, and achieve the control purpose
constant flow in water filling process.

5. Conclusion

For the complex practical control system of filling and draining off water of the
rubber dam, a fuzzy PD controller is designed for the constant current control of filling
and draining off water of the rubber dam, combining with the conventional PID
algorithm which is widely used in industrial process control and the fuzzy control
strategy without relying on accurate mathematical model, and achieved good control
effect. Practice proves that the proposed control scheme is efficient and the system
possesses good static, dynamic performance and certain robustness. But also after
changing equipments the control method can be applied to the actual control of the
analog temperature, liquid level and pressure and so on.
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