다중루프 제어계의 DCLR을 위한 Sequential Loop Closing 방법의 적용
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Introduction

Multiloop control systems which use multiple single-input single-output (SISO) controllers are still dominantly used in the chemical processes because of their simplicity and robustness. For multivariable processes with n inputs and n outputs, n SISO controllers are used to control n paired inputs and outputs in multiloop control systems, and hence responses of n paired loops can be designed to be what we want. Although responses other than the paired loops are not guaranteed, the overall responses are usually satisfactory compared with those of well-known design methods such as the biggest log-modulus tuning (BLT) method (Luyben, 1986) and the sequential autotuning (SAT) method (Loh et al., 1993; Shen and Yu, 1994). To design such multiloop control systems, Jung et al. (1999) proposed an iterative method based on the Newton-Raphson method. Their method works well for various processes when pairings are desirable. However, its derivation is rather complex and it was diverged for some processes. Here, a simple iterative method based on the concept of sequential loop closing method is proposed

Multiloop Control System with Desired Closed-loop Responses

Consider the multiloop control system where an nxn process, G(s)={gij(s)}, is controlled by a diagonal controller, C(s)=diag{cii(s)}. The closed-loop transfer functions between set points and outputs become 
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Since C(s) has n elements, we may set n diagonal elements in H(s) as
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where 
[image: image4.wmf](s)

g

ii

+

 is the nonminimum-phase part of gii(s) with the steady-state gain of one.   Multiloop controller satisfying Eq. 2 can be found by the Newton-Raphson iteration (Jung et al., 1999). The iterative scheme is rather complex and convergence is susceptible. Here the sequential loop closing method is applied to find C(s) satisfying Eq. 2. We design ci(s) sequentially to satisfy Eq. 2. When loops except the i-th loop are closed, the transfer function for the i-th pair becomes (Figure 1)
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We design ci(s), for the above transfer function of 
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, such that the closed-loop transfer function satisfies Eq. 2 approximately. Since 
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 is dependent on other controllers, we should apply the design procedure iteratively until convergence. Design procedure is as follows.

Step 1) For i=1,2,…,n, set 
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 for a given frequency set 
[image: image10.wmf]W

, and choose the design parameter, 
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Step 2) For i=1,2,…,n, calculate 
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Step 3) Iterate the step 2 until convergence.

Step 4) Approximate the converged 
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, i=1,2,…,n, by the PID controller. For this, the least squares method (the routine of ‘invfreqs’ in Signal Processing Toolbox for MATLAB (1997)) can be used.

Example

Convergence of the proposed method is tested by applying it to problems in Luyben (1986). Table 1 shows the results. For Doukas and Luyben column, we can’t control with positive controllers like proposed controllers because RGA is negative. This means a bad fairing. Thus, we can simulate by exchanging the third row for the forth row. We can see that the proposed method has better convergence than the method in Jung et al. (1999).

The control performances designed by the proposed method and the method of Jung et al. (1999) are very similar. As an illustrative example, the Ogunnaike and Ray column (Luyben, 1986) is considered. All design parameters are those in Jung et al. (1999). Figure 2 shows responses of multiloop PI control systems. Slight differences are mainly due to the approximation methods for PI controllers.

Conclusion

A new iteration method based on the sequential loop closing method is proposed to design multiloop control system with desired closed-loop responses. This method is very simple and gives good responses as well.
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Table 1. Convergence of the proposed method and the method in Jung et al. (1999).
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IT*: the number of iterations

(a)                                                        (b)
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Process Jung et al. Proposed (IT*)
WB (Wood and Bery) O A5y
9xy VL (Vinante and Luyben) O Oy
WW (Wardle and Wood) O O6)
TS (Tyreus stabilizer) O Ow
OR (Ogunnaike and Ray) O O
3x3  T1 (Tyreus case 1) O O5)
T4 (Tyreus case 4) X O6)
DL (Doukas and Luyben) X O6)
4x4 Al (Alatiqi case 1) X O6)
A2 (Alatiqi case 2) X Oe6)




Figure 1. Multiloop control system where the i-th loop is open.

Figure 2.   Control responses for the Ogunnaike and Ray column process.







_1044289304.unknown

_1044290982.unknown

_1044291136.unknown

_1044291661.unknown

_1044291954.unknown

_1044292107.unknown

_1044291582.unknown

_1044291035.unknown

_1044290309.unknown

_1044290489.unknown

_1044289412.unknown

_1043583668.unknown

_1044282236.unknown

_1043583655.unknown

