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Abstract:

Calculating parameters for control systems in industry is an important issue, this issue is often
interested in research, because the quality of adjustment of control systems is increasingly required,
in then, industrial objects are often changing with their operational age. On the other hand, the
control systems of industrial objects are multi-stage systems, the way to calculate the adjustment
parameters for the system is quite complicated, making it difficult to calibrate the control system,
making it difficult to adjust the system. Most engineers have to calibrate the system by tracing and
testing each set of parameters in turn. That way takes a lot of time, effort and adjustment quality is
not high, sometimes the system is only temporarily stable with the set of test parameters, but after a
period of operation, the system will return to normal condition. poor tuning quality. To gradually
meet the demand of parameter calculation for multi-stage continuous control system with strict
theoretical basis, ensuring stable and sustainable adjustment quality over time. This paper will
present a method of calculating parameters for a multi-stage continuous adjustment system so that
the system has stable and sustainable quality and a simple calculation method.
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Toém tat:

Tinh toan cac thdng s cho hé thdng diéu khién trong cdng nghiép la mot van dé quan trong, van dé
nay thudng xuyén dugc quan tam nghién clu, bdi chat lugng diéu chinh cla cac hé thong diéu
chinh ngay cang dugc yéu cau cao, trong khi do, déi tugng cdng nghiép thudng thay déi theo tudi
van hanh clia chiing. M3t khac, cac hé thdng diéu khién cta cac d6i tugng cdng nghiép la nhitng hé
thong nhiéu tang, cach tinh toan cac théng s6 diéu chinh cho hé thong kha phirc tap, lam kho khan
cho viéc hiéu chinh hé thdng diéu khién, lam hau hét cac ky su’ phai hiéu chinh hé théng theo cach
[&n mo va thir nghiém lan lugt ting bo thong s6. Cach lam dé gay mat nhiéu thdi gian, cong sic va
chét lugng diéu chinh khdng cao, nhiéu khi, hé théng chi 6n dinh tam th&i véi bd théng sd thir
nghiém, nhung sau mét thgi gian van hanh, hé théng sé trd lai tinh trang chat lugng diéu chinh
kém. D& tliing budc dap ('ng nhu cau tinh toan thdng s8 cho hé théng diéu khién lién tuc nhiéu tang
vGi co s& ly ludn chdt ch&, dam bao chét lugng diéu chinh 8n dinh va bén vitng theo thdi gian. Bai
bao trinh bay mot phuagng phap mdi tinh toan thong s6 cho hé thong diéu chinh lién tuc nhiéu tang
sao cho hé théng doé dat dudc chét lugng 6n dinh bén vitng va phuong phap tinh toan dan gian.
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Dai tugng tré, t6i uu, bén vitng, quan tinh, d6 qua diéu chinh, du trit n dinh, thdi gian diéu chinh.

1. SET THE PROBLEM

As we all know, industrial control
systems are usually cascade control
systems, such as superheated steam
temperature control systems, combustion
control systems, boiler water level control
systems, turbine control system, steel
furnace  control  system,  generator
excitation control system, etc., they are all
cascade control systems. Control objects
in such systems often have long delays. In
order to evaluate the tuning quality or
calculate the calibration of systems with
delay-objects, it is often necessary to
remove the delay part from the object and
then adjust the parameters or use the
Taylor transform or Pedé [6] to convert
the delay of the object to a string and then
remove the higher order element from the
sequence. Sometimes people also use the
IMC (Internal Model Control) method [8]
to calculate for control systems with delay
objects. But in general, these methods
often lead to large errors and difficulties
in the calculation process. That's just the
calculation for the first cascade, and
from the second cascade onwards, that
calculation often leads to complex
problems, very difficult to solve and even
without a solution. On the other hand, so
far, in industry, PID (Proportional Integral
Derivative) controllers are often used to
control [5]. But in the PID set, there are
up to 3 parameters to be calculated [5],

[7], which makes the calculation of
control system parameters complicated,
the computational volume is often very
large, and even leads to to an unsolved
problem for a multistage system with a
delay object. In order to solve the problem
of calculating parameters for a cascade
continuous control system with delay
objects quickly and ensure stable and
stable tuning quality, the author has
researched and proposed a method as
follows: For example, there is a
continuous control system with a structure
diagram as shown in Figure 1, where

u(s)-set value;

output;

y(s)-response  system

R;(s) is the transfer function of the 1-
stage continuous regulator 0,(s) is the
transfer functions of object 1;

R,(s) is the transfer function of the 2
stage continuous regulator

0,(s) is the transfer functions of object
2.

With 0,(s),0,(s) is known. Determine
the structure and parameters of the
regulators R;(s),R,(s) so that the
difference between the output signal y(s)
and the set signal u(s) of the system is
minimal.

2. THE BASIS OF THE METHOD

A control system is said to be optimally
robust with high quality [1], [2], [4] when
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the system has a closed system transfer
function:
WK(s) = — (1)

14+6s
The corresponding high-quality optimal
robust open system is:
Hg) = L
wH(s) = — 2)

The transfer function of an industrial

object usually takes the form:

0O(s) = e™.0p1(s);

A(s) ag+aqs+.+ay,s™

Opr(s) === 3)

B(s) 1+biS+..+bps™

7 IS the time delay; ao, ai,...,am, by, ba,...,bn
are the coefficients; s- Laplace operator.

We define the concept of a soft oscillator.
The Soft Oscillator is defined [3], [4]:

u(s R 1 = Ra(s) {.,T_‘ Rs [ Ois) sl Oxf5) L] o yGs,
: . ! :
Figure 1. Structure diagram of n-cascade control system
ZAORS
us) y(s)
— > Ry (s) Ry (s) —>{ 01(s) » 0:(s) >

-

W)

Figure 2. Structure diagram of control system for steel furnace

_ mp(1-e"all) <
m= e 0<o<r, 4

where, mo = const — initial value, has the
same meaning as the classical oscillator
index [5]; « - softening coefficient,
usually choose a=0,2z.

Suppose, si=f +jai (>0) is the root of the
characteristic polynomial of the optimal
robust control system [1], [2], [3] then the
root of the characteristic equation always

has 5 <0.

Set Bi = mw; substituting Bi into the
solution of the characteristic equation of a

high-quality —optimal robust control
system, we get:
Si= -Mmoi +joi (0i=0) (5)

Substitute (5) into the corresponding open
system, then the open system is a function
of m and . If we draw the function of the
open system on the complex coordinate
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axis, we will get a curve describing the
open system, we call that curve the soft
characteristic of the open system.

3. SYNTHESIS OF HIGH-QUALITY
CONTINUOUS CONTROLLER
STRUCTURE FOR N-STAGE SYSTEM
IN A CONTINUUM

The condition for the control system to
become a high quality optimal robust
control system [1], [2], [4] is the open
system must be satisfied (2). For a system
with n- stage, we have, the condition for a
multi-stage control system to become a
high-quality optimal sustainable control
system is that each layer in the system
must satisfy (2).

With a multi-stage control system, the
inertia of the outer layer is usually much
longer than that of the inner stage, The
transition of the inner layer turns off very
quickly compared to the outer layer.

Therefore, we can separate them and
calculate for each floor. Then we have:

The innermost open system:
Wi (s) = Ri(s). 01(s) = —
1
The corresponding closed  system:
K _owlls) 1
Wl (S) - 1+W1H(s) - 1+64s
Infer
1 -
Ri(s) =-=[0:(s)] ™ (6)
1

W' (s) = Ry ()W ()02 (s) = é

wis) _ 1
1+WH(s) ~ 146,

WZK(S) =
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Ra(s) = s Wi (5)05(5)] ™

8 = o]

[(1+6,5)0,()]7*

1

0z
1

0,5

W3'(s) = R3(s)W5 (s)03(s)
1

- 635

-1
R(s) = 05(5)|

1 [ 1
03511+ 0,5
1 -1
= i [1+6,5)0,(s)]
In general, we have:
Rii(8) = = [1+090,,,)] " (7)

véi 1 > 1 vainguyén duong.
Here O;(s) are any industrial objects of
the i-th cascade; 6; is the controller

parameter of the i-th cascade.

4. SYNTHESIS OF CASCADE
CONTROL SYSTEM PARAMETERS

We see that, if we separate each cascade
of the system to consider or consider the
structural diagram transformation, the
structure of each cascade must satisfy the
condition that the transfer function of the
open system has a high-quality robust
structure [1], [2], [4] and satisfy the
extended Nyquist criteria [1], [2]. The
necessary and sufficient condition for the
closed system to preserve the stability
reserve is the soft property of the open
system passing through and not including
the critical point (-1, jO) on the complex
coordinate system. So the condition for \
to reach the minimum is:
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Wi(=m + j)=-1 (8)

The condition for n stages of the
continuous control system to become the
optimal sustainable control system is that
each layer in the system needs to satisfy
(2) and (8). Then the optimal parameter of
the layers of the control system is
calculated as follows:

s=—f+jo Vi f=me

WH( ) 1 1
' Os O(-p+jw)
jotp B

T aaP AL 4)

oty = " a@n)
[0 1
W)~ 0 T 0 T e
0,27
mo(i-e~070)’ ©)

We see that, when o —oc the expression
(9) degenerates to:

01' = = 0,5451’i

0,27

(10)

mo

Thus, the problem of synthesizing a
cascade continuous control system with
the control quality criterion of the system
being robust and optimal is abbreviated as
follows:

Step 1: Find the first cascade structure of
the system according to the formula (6).

Step 2: Find the i-th cascade structure
(with imin = 1) of the system according to
formula (7).

Step 3: Calculate the parameter ¢; of the
floors according to equation (10).

5. TEST METHOD

We test the proposed method through the
following example:

Assume that the control system of the
steel furnace has a structural diagram as
shown in Figure 2, in which: 0;(s) =
e~ ns S’i—la; 0,(s) =e 725 S’i—zb . Let's
determine the structure and parameters of
the controllers so that the system is stable
and robust? knowing k1 = 3; ko = 7; a= 7;
b =9; t1 = 0,5 minutes t; T2 = 0,9 minutes.

Applying formula (6), we can calculate
the structure of the 1st cascade controller
as:

1
Ri(s) = % [01(5)]_1

1 ky 17°
- gl
s+a
T Os k

Applying formula (7) for the case i = 1,
we can calculate the structure of the 2nd
cascade controller as:

1
Ry (s) 0,5 [(1+6,5)0,(s)]™

1 1

925 1+61$ kz

1,8 S+b

Calculate the optimal parameters of the
controller:

Applying equation (10) we have the
optimal parameters of the 1st cascade as:
0, = 0,5451, = 0,545 x 0,5 = 0,272;

the optimal parameters of the second
cascade is:
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6, = 0,545z, = 0,545x 0,9 = 0,490.

We find the controller is:

s+7
0,272s
s+9
0,495(1+0,275)

eO,Ss

Ri(s) = (11)

Ry(s) = 099

(12)
Proof of the correctness and effectiveness
of the proposed method:

In order to prove the correctness and
adjustment quality of the method, we
calculate the transfer function of the open
system and the closed system of the
system, then we have:

WlH(S) = R,1(5)0,(s) =

is—'—_aerlse_flsﬁz i
015 kq s+a 015
H
K _ Wl (S) _ 1

Wi (s) =

1+WH(s) ~ 1+6;s

WzH (s) = Ry(s) Wlf(s)Oz (s)
1

- 925(1+915)2 (13)
K _ wi @
W2 (s) = 1+WH (2)
1

T Bs(1+615)°+1 (14)

Investigating the open system (13) and
closed system (14) on Malab software,
and at the same time, changing the
optimal coefficient of the controller in an
increasing trend, we obtain the transient
characteristic curves of Figure 3. We can
also check the stability reserve of the
calculated control system through the
open system soft characteristic or the
Bode characteristic as shown in Figure 4.
We see that, with the theta coefficients
found of the cascades, the system gives

(ISSN: 1859 - 4557)

the overshoot, the settling time and the
stability reserve to ensure the stable and
robust operation of the system (see
Figures 3 and 4). As we gradually
increase the theta coefficient of each
regulator in each control layer, the tuning
quality tends to decrease, that is, the
overshoot increases and the tuning time
becomes longer. that proves that the
proposed method is completely correct
and effective.

Step Response
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Figure 3. Transient characteristics
of the furnace regulating system

Bode Diagram
Gm = 8.52 dB (at 1.11 rad/s), Pm = 30.9 deg (at 0.63 rad/s)
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Figure 4. Bode characteristics of the furnace
regulating system

6. CONCLUSION
= The method to find the structure and
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parameters of the high-quality optimal
robust controller in the continuum for the
cascade control system presented in this
paper is a general method, suitable for
industrial objects;

= The author's method can be applied to
calculate  and  calibrate  industrial
continuous control systems conveniently.
The calculation method proposed by the
author will give fast results, the

adjustment quality ensures a stable
reserve for a given, fast settling time and
guarantee overshoot;

» The synthetic controller according to
the method proposed by the author has
only one parameter \, so the calculation
volume is significantly reduced compared
to the traditional method using PID

controller.
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