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ADJUSTABLE COMPONENTS IN AUTOMATED CONTROL SYSTEMS
OF NPP TECHNOLOGICAL PROCESSES

Transfer function coefficients’ effect on the properties of amplitude-frequency characteristic,
which should be taken into account at adjustable components designing, is considered. On the exam-
ple of typical digital filters of the first order of low and high frequencies, the dependencies of the
transfer function’s numerator and denominator coefficients on the cutoff frequency, as well as the de-
nominator coefficient’s dependence on the ripple index are found.
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According to the regulatory requirements
actually in force in Ukraine, each power unit of
the nuclear power plant (NPP) does obligatorily
include the monitoring and controlling system of
technological process. At that, modern methods
of managing and synthesizing multi-level
hierarchical systems using high-performance
multiprocessor complexes should be used. In
Ukraine the Sienctific-productional enterprise
“Radiy” is the main producer of such complexes
[1,2].

The soft- and hardware complex for the
automated control system (TP ACS) of techno-
logical processes, as a variant of NPP’s special-
ized computer system, provides at the lower level
the collection and initial processing of data from
metering instruments and their sensors, that serve
to generate safety control signals and to inform
maintenance personnel about the state of whole
systems, their elements and technological pro-
cess. Quite often, when designing the TP ACS
elements, the problem of correcting and rearrang-
ing these system’s frequency-dependent compo-
nents parameters arises. Such systems represent a
combination of hard- and software arranged into
a complex architecture embodying various inter-
linking. Such a specialized computer (micropro-
cessor) system performs a large number of tasks,
one of which refers to system characteristics con-
trol and correction, depending on the operation
conditions and changes occurring in the envi-

ronment, the implemented technological process
and the system itself.

When designing such components, it is re-
quired to solve the problem of analyzing the in-
fluence rendered by the data collection-and- pro-
cessing path components’ transfer function coef-
ficients onto the amplitude-frequency response
(AFR) characteristics. It should be noted that the
frequency response characteristics control is pos-
sible both separately and in whole complex [3,
4]. A similar problem is typical for adaptive and
adjustable devices, including filters, character-
ized with the same mathematical description [5].

This study objective is to analyze the effect
of component’s transfer function coefficients on-
to the frequency response properties, in order to
simplify the design and control of soft- and
hardware complexes used at the nuclear power
plants’ automated process control systems.

To achieve this goal, it is necessary to
solve the following tasks:

- analyzing the influence of first-order
component’s transfer function coefficients onto
the frequency response properties;

- elaborating and suggesting the ways to
simplify the design of first-order component and
its control.

The scientific novelty of this research con-
sists in simplification of the first order frequency-
dependent component’s control, at the expense of
separate or complex changes in the transfer func-
tion coefficients.
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Here we shall consider the commonly used
serial digital filters as a component of pre-
processing and filtering path. It is well known
that to simplify their adjustment and control the
high-order components are built on the basis of
the first and second order components. Therefore,
the analysis of digital filter transfer function coef-
ficients’ effect on the filter’s characteristics prop-
erties has been carried out based on the first-
order transfer function of such form:
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where a,,a,,b - real coefficients of the numer-

ator and denominator.
In this case, the low-pass filter (LPF) cor-
responds to the transfer function (1) and the nu-

merator coefficient is a, >0, and the high-pass
filter (HPF) shall have a, <0. It should be noted

that normalized digital filters’ numerator coeffi-
cients of the first order are equal, i.e.

a, =[a,].a, >0. )

Then we can write the transfer function (1)

as follows
+ 771
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where "+" in the numerator corresponds to LPF
and "—" respectively to HPF

When substituting z*
ing to Euler’s formula, z~

H(z) =4,

=e 1 or, accord-

'=cosw- jsinw,

where @ - rated angular frequency,

= Zﬂfl,a) e[0, ], f, f,— are respective-
d

ly the linear frequency and discretisation fre-
guency, then we shall get a complex transfer co-
efficient, used in basis to obtain both LPF and
HPF amplitude-frequency responses.

Low-pass filter

The frequency-dependent LPF transfer co-
efficient is generally described by the expression
[6. 7]

(1+b)? - 2b(1-cos w)
or taking into account (2) and (3)

H(@) - \/(ao +a, ) —2a,a,(1-Ccosw)
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At zero frequency ®= 0, the transfer co-
efficient H(O) will be determined by the rela-

tion

H (o) = 4)

2
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©) =2, — ()
Considering the fact that in the case of zero
frequency of the first order normalized filter, the

transfer coefficient is equal to one H(0) =1 [4],
then the numerator coefficient a, from (5), un-

der the condition of filter stability [o| <1 [4], is

equal to

1+b
a, = (6)

and the normalized LPF frequency response will
have the form

1+ b)cos(‘;J
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The cutoff frequency w. at the level C,

H(w) =

O<c<l, is found from equation (4),
H(a)c)zc,then
, 1+b?
— 1oz (1+b)
wc =arccos| ——————— |,
1+4c?
(1+b)

In this case, the cutoff frequency w. level
C is set for the Butterworth filter at 0.707 value
level, and for Chebyshev filter and for elliptic
filter its value is set accordingly to pulsation in-
dex within the passband &

P ™

Jlee?’
and for Chebyshev inverse filter it shall be set
with the pulsations index & in the attenuation
band

C=

] ®)

N
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It is essential to note that most mathemati-
cal packages processing these data, set the ripple
level in decibels when RP is the pulsation in the
passband, RS is the pulsation in the attenuation
band. However, in either case

1 1
C= or C=

We have obtained a formula for the first-
order LPF, to determine the transfer function (3)
denominator coefficient b as a function depend-

ing on the cutoff frequency wc and level C,
Fig. 1-2,

9)
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Fig. 1. Graphs of the dependence between the Butterworth LPF transfer function’s numerator a,

and denominator b and the filter’s cutoff frequency wc
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Fig. 2. Dependence of the inverse Chebyshev LPF transfer function denominator b coefficient

on the filter cutoff frequency wc at the pulsation index in the attenuation band RS =—0,05 dB;
RS =-3dB; RS=-20dB

However, such a representation of the de-
pendence between the denominator b coefficient

and the cutoff frequency w. for level ¢ is not
satiscoefficientily good for practical realization.
Let us introduce some dummy value & so that

_cod &
c= cos( 2). (10)

In other words, such a dummy value is
& =2arccos(c).

10
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Then, after substituting (10) into (9), we
obtain a simpler expression for introducing to the

Sn‘](g)c_é:J
2

sin[wc hl 5]
2
High-pass filter

For normalized HPF, whose transfer func-
tion is determined by the expression (3), the fre-
guency-dependent transfer coefficient, with re-
spect to (2), shall obtain such generalized repre-

sentation:
.| @
2a, sin| —
2

\/(1+ b)’ —4bsin2@’)

The transfer coefficient when E): z fre-
quency is determined by the relation

systemb = (11)

H (o) = (12)

H(rz)=a, ﬁ (13)

Then, considering the normalized frequen-
cy response, the coefficient of numerator a, (13)
shall be equal to

a, = % Jb| <1, (14)

and the normalized HPF frequency response will

take the form
(- b)sin{a)J
2

\/(1+ b)’ —4bsin2[?].

At level C the cutoff frequency we in (12)
is equal to

H(w) =

1+b?

1-2¢?
(L-b)’

Z)c = arccos| —

1+ 4c?
(1+b)

In this case, the ¢ level when cut-off fre-

quency wc is set for the HPF in the same way as
the LPF’s one in accordance with formulas (7)
and (8).

Depending on the cut-off frequency .
and the level c, we have found a relation that
determines the coefficient of HPF transfer func-
tion (3) denominator b

[ we
sin| —
(2J 1-c?

(15)

cos| ——
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Fig. 3. Graphs of the Butterworth HPF transfer function numerator a, and denominator b coefficients

depending on the filter cutoff frequency ¢
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Fig. 4. Graphs of the inverse Chebyshev filter denominator coefficient b dependence on the filter cutoff
frequency @c When attenuation band pulsation index RS = -0,05 dB; RS = -3 dB; RS =-20 dB

Applying relation (13), we get the expres-

sion for coefficient b (15) in the following
form:
cod ¢ +¢&
2
b=——+——<%. (16)
cog L2 ¢
2

In designing two variances of control im-
plementation can be considered: both individual
and complex option [8].

In case of individual control, the adjust-
ment is carried out separately using the gain coef-
ficient k and separately using the cutoff frequen-
¢y @e, i.e. for each value of k and . it is nec-
essary to recalculate the values a, and b in ac-
cordance with formulas (6, 9, 11) or (14-16). In
most cases k = var .

When complex control integrating, i.e.
when both coefficient k and frequency w. are
simultaneously adjusted, the coefficient k can
take values k = var as well as k = const. Since
the ratio between the transfer function coeffi-

cients a, and b is rather complicated, these op-
tions should be considered separately.
In the case, where an option with variable

coefficient k = var is considered, the sequence
shall be as follows:

- setting a new Kk, coefficient value and
e cutoff frequency value;

- in accordance with formulas (9, 11) or
(15-16), the coefficient b is given as b;;

- the numerator coefficient a, is recalcu-

lated from the condition (6) or (14) for new val-
ues of k; and b;. In this case, the coefficient a,

12

is a function of the gain coefficient k, and coef-
ficient b, i.e. a, =F(k;,b;).

In the case of a constant gain coefficient
k =const, the procedure is the same as the
above described sequence. However, for the val-
ue k = const, the coefficient a, is a function of

only the coefficient b, i.e. ag = F(b;). Here, this

dependence can be calculated preliminarily and
stored in memory so as not to waste time on its
new calculation [9, 10].

The design of frequency-dependent com-
ponents of digital first-order filters with these
components description represented using trans-
fer functions characteristic for the first-order fil-
ters is considered. The considered digital filters
frequency response analysis shows that when
designing frequency-dependent components with

respect to the specified cut-off frequency @w. and
level C, we can surely find the values of the nu-

merator a, and denominator b coefficients, and

as to the normalized filters, we can find the nec-
essary denominator b coefficient.

The carried out research confirmed the
possibility of both by-components individual and
complex integral frequency response control.

For changing the filter gain, it is sufficient

to change the numerator a, coefficient without

changing the denominator b coefficient. Here
the linear individual control of gain coefficient is

possible by changing the numerator a, coeffi-

cient, that is typical for adaptive filters.

When the denominator b coefficient is
changed at non-standardized filters, both the gain
and cutoff frequencies shall be rearranged that is
specific for the complex control. However, to
change the cutoff frequency at a constant ampli-
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tude, it is necessary to correct the gain coefficient
value using the coefficient of transfer function

numerator @, respectively to the new denomina-

tor b coefficient value, in accordance, for exam-
ple, with (6) and (14).

It follows from Figures 1-4 that there are
linear sections on the graphs, where the cutoff
frequency linear control is possible due to their
approximation.

From the first-order LPF and HPF fre-
quency response analysis, the following shall be
noted as the conclusion:

- the numerator a, coefficient has no ef-

fect on the frequency response shape, but only
determines the frequency response amplification
level;

- the denominator b coefficients vary for
different types of filters, except for the case of
non-polynomial filters;

- within the same filter type, the LPF and
HPF denominator b coefficients are different;

- non-polynomial filters have the same set
of denominator b coefficients, and hence the
same frequency response and phase response.
The first-order filters characteristics are never
influenced by the attenuation band ripple index.
Therefore, the characteristics of both Chebyshev
filter and elliptical filter having the same values
of the passband ripple index and the cutoff fre-
quency, shall be the same. In addition, at the
same ripple index value in the attenuation band
and the same cut-off frequency, Chebyshev in-
verse filter characteristics also coincide with the
non-polynomial filters characteristics;

- with the denominator coefficient b =0,
the LPF becomes an averager in accordance with
the algorithm of moving average for two points

H(z):%(l+ z’l),

and HPF becomes a differentiator up to the gain
coefficient accuracy in accordance with the algo-
rithm of difference by two points [11]

H(z):%(l—zl)

The carried out analysis allows an essen-
tially simplified solution to the problem of de-
signing and controlling the specialized computer
systems frequency-dependent components with
the possibility to correct and rearrange the char-
acteristics of both an individual component and
the system as a whole.
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HNEPECTPAUBAEMBIE KOMIIOHEHTBI B ACY TII A9C

Paccmompeno enuanue kosgguyuenmos nepedamoynoli QyHKYuu KOMROHEHMbl HA CE0LUCMEA
AMNAUMYOHO-YACMOMHOU XAPAKMEPUCTUKY, KOMOopble Cledyem Y4umuléams Npu npoeKmuposaHuu
nepecmpausaemovlx komnonenm. Ha npumepe munoguix yudposvix urompoe nepeozo nopsoka Huic-
HUX U BEPXHUX YACMOM HAUOEHbl 3a8UCUMOCIU KOIDDuyUeHmos yuciumens u 3HameHameis nepe-
0amouHol GYHKYUU OM 4ACMOmyl cpe3a, d MaKdlce 3asUcCUMOCY KoIghguyuenma sHamenamens om
YACMOmul cpe3a 6 3a8UCUMOCIU O NOKA3AMes NYIbCayull.

Kniouegwie cnoga: ACY TII nusicneeo yposus, nepguunas o6pabomka CueHanios, KOppeKyus xa-
PaKmepucmux, nepecmpoulKa xapaKxmepucmux, pasoeivbHds U KOMNIEKCHAs Nepecmpouxa, Koaggu-
YueHmovl nepedamoutoll hyHKYuu, pearu3ayusi nepecmpouKu.

Cmamms naodivuina 0o peoakyii 07.09.2018.

Cmammio npeocmaense B. C. Cumnixos, 0.m.H., npogecop.
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