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Abstract

A digital bandpass filter method is investigated for the data treatment in the
measurement of the reactor transfer function. It was found that the technique
is very effective in eliminating the effects of external noise. A computer code
was programmed for this method. The frequency response of a digital filter is
calculated, and the data treatment with this method using a digital computer
was illustrated for triangular and square waveforms. Error and restriction
involved in use of this method are discussed.
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1. Introduction

The dynamic behavior of nuclear reactors
has been successfully analyzed by use of
transfer functions. The reactor transfer func-
tion is normally measured either by exciting
the reactor with sinusoidal reactivity change®” 2>
or by using the inherent statistical fluctua-
tions® %> in the neutron population of a reactor.

In evaluating transfer functions, there are
several difficulties. One of the most common
difficulties is that the effects of external
disturbances on the measurement are uncer-
tain, sfnce the measured quantity is actually
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a combination of reactor fluctuations and
instrument noise. To overcome this difficulty,
several investigators®® 7> have studied the
analog correlation method and elecironic fil-
in the measurements of
reactor transfer functions and the evaluation

tering techniques

of the delayed-neutron fraction-neutron life-
time ratio.

In this paper, a digital bandpass filter
method is pressented, which is an useful tool
of data processing for the evaluation of the

frequency response of a system in presence of
the noise-like harmonics as in the measurement
of the reactor transfer function.
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2. Principle of the Method
Assume an ideal bandpass filter, having the

bandwidth as shown in Fig. 1.

AMPLITUDE OF G{w)
A

FREQUENCY IN RADIANS/SECOND

Fig. 1. Frequency response of ideal bandpass
filter
Glo)=1 for m;=o=0;, —o1=0=—wo;
=0 for oww, —welw:, o{—o
It is well known that the impulse response of
G(w) is given by

a1 =" Glwdo

= —L(sinwlt—sinwzt) @))
nt

on taking the inverse Fourier transform of
G(w).
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Fig. 2. Shape of impulse response of bandpass
filter
Fig.2 shows a form of g:,(#) as a function of
time, and it is seen that g(¥) is an even
function.
If the system is linear, the convolution

integral® 9> between the input and impulse

response functions is given as

y<t>=5“_x<t~f>g<7>d, @

where
x(#)=the input function to be treated
g(¢#)=the response of the bandpass filter to
impulse function
In the actual practice, the length of the input
data, x(?) in our case, is finite. If we can
choose a suitable time, T,, such that

& (x£T,)
OB 3

then
gH)=0 for t>|T4|
=g(t) for i=|T.l
Eq. 2 becomes

W= a(t—g(e)de @
-Td
Eq. 1 can be rewritten as
g(t)=gx(0=;(ti_ﬁ[sinw1(t—7})
—sinw,(¢—T4)) (5
for —Td§t§Td
On the other hand, the transfer function of

the impulse response g(?) is

(" gwermat ,
Glw)=dz= =" aermar
S_ sDeiwtgt I

=LS:’%Esin<w1+w)t+sin<w1—w)t

T

—sin{wzt+o)t—sin(w,—w)t)dt (6
3. Computational Method

In order to determine T, for the condition
of Eq.3, the impulse response of the bandpass
filter is calculated using Eq. 1.

A simple trapezoidal approximation for
computing the integral in Eq. 6 is employed to
evaluate the transfer function, G(w). Fig. 3
shows the calculated result of two cases with
different values of 7,. ts and N in Fig.3 in-
dicate the sampling interval and the number
of sampled data, respectively, and Nts is the

time length, 7., used in the calculation.
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Fig. 4. Selective frequency characteristics of typical electronic bandpass filter

As seen in the figure, the gain at the center absolute values of the output data are needed,
frequency is dependent on the length of the some correction for evaluating the real magni-
sampled data T,, that is, the number of the tude must be considered. However, if only
sampled data N, with the fixed interval of ts. the relative values such as the ratio of output-
It should be noticed that the gain will be to-input is to be calculated, correction is not

converged to 1(0 db) within the band when needed.
Ty approaches to the infinity. When the For the purpose of comparison, the fre-
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quency characteristics of typical electronic
bandpass filter!®> is shown in Fig. 4.
Performing the calcuation of Eq. 4, let
Td=3T
T=Nt,,
where ¢, is the sampling interval, and N is
the number of the sampling in the duration
of T. If (8N-+1)¢, is given for the length of
x(), and (6N+1)t, is for that of g(¢), the
length of the calculated data of y(¢) would be
(2N-+1)¢, in Eq.4. The graphycal interpreta-
tion for this calculation illustrated in Fig. 5.

and

If we express the functions in Eq. 4 in terms
of number of the sampling intervals instead
of ¢,

&)=G(k); k=1, 2,--ereer , (6N+1)
x(D)=X(0); i=1, 2, -reevreer , (8N+D
y(t)=Y(j);j=1, D, seenerennees , @N+D
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Fig. 5. Graphical interpretation of filter
calculation

Considering that G(k)) is symmetrical ahout
(BN+-1)t, (=Td), Eq.4 by use of trapezoidal
integration formula yields

Y(7)=tAZX6N+D+XGIGD
+X(IN+NCGEN+D
+ ELXCON+1+i—B)X () +k

- —1IGR} P,
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A computer code is programmed by using
Eq. 7. Several examples of this calculation
are excercised. The fundamental frequencies
obtained through each calculation for square
and triangular waves of 0.1 Hz are shown in
Fig.6. The filter used in the calculation is
the same as shown in Fig. 3.
interval is 0.13 sec. for all cases, and the
length of sampling time is taken as shown in
Table 1.

As seen in Fig.6. the result calculated on
the amplitude for the square wave is 1070
(millivolts) with no corretion,

The sampling

whereas the
theoretical amplitude is 1107(millivolts), and
for the triangular wave, the amplitude is 740,
which should be 760 theoretically. Error in-
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Fig. 6. Plots of fundamental frequencies of
0. 1Hz passed through digital filter for:
(a) 1744 P-P square wave
(b) 1880 P-P ‘triangular wave
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volved in this treatment could be limited within
3 per cent in the calculation.
Table 1. Length of sampling time in Fig. 4

Input treated N value in (8N+1)

Square wave 382
Triangular wave 379

4. Discussion and Conclusion

The frequency characteristics of the digital
filter is much better than the commercially
available electronic bandpass filter, as seen in
Fig. 3 and Fig, 4. The data obtained by this
method are in good agreement with the theo-
retical values, if we choose the sufficient
length of the experimental data. In the use of
this method in the processing of experimental
data, the following conditions should be con-

sidered.
S
f min 2 Td
and
o 1
df=fa f1>——~*2Td
where

Sfnin=the minimum frequency to be handled

df=the bandwidth of the digital filter..

As a result of semi-emperical investigation
of this method, the following conditions were
obtained for limiting error less than 2 per
cent for the lowest frequency:

1
Tmazr== "7

min

and
Ta=107m, s
where r,,. 15 the maximum allowable shift
for r.
On the other hand, the maximum frequency
is given by

_ 1
Jner==3,

When we take a value of the maximum fre-

1.~, error would be large.

quency close to 5,

For determining the sampling interval #,, trial
calculations were made for various values of
¢, using a pure sinusoidal function, x(¢)=sin ¢.
We could get a very close function to the
original input signal when we calculate with

t=—_1

20 frar
However, in general, it can certainly be
stated that the samples should be taken suffi-
ciently close together to ensure that the func-
tion does not change by a singnificant amount
within the sampling interval.
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