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Abstract

By making use of the microprocessor technology, instrumentation system becomes intelli-
gent. In this study a programmable smart transmitter is designed and applied to the nuclear
engineering measurements. In order to apply the smart transmitter technology to nuclear
engineering measurements, the digital time delay compensation function and water level
change detection function are developed and applied in this work. The time compensation
function compensates effectively the time delay of the measured signal, but it is found that the
characteristics of the compensation function should be considered through its application. It is
also found that the water level change detection function reduces the detection time to about
7 seconds by the signal processing which has the time constant of over 250 seconds and
which has the heawy noise.
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1. Introduction smart transmitter is the transmitter which performs
some digital processing of the measured signal
By making use of the microprocessor technolo- with the microprocessor embedded in it {1}, In-
gy, instrument system becomes intelligent. The telligent instrument is one, where after a measure-
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ment has been made of a variable, some further
processing is carried out to refine the data for
presentation to an observer or other computers
[2]. The study for using the smart transmitter in
the nuclear engineering measurements is now in
progress [3].

In this paper, a design of a temperature smart
transmitter for the nuclear engineering measure-
ments is performed and the benefits of using the
smart transmitter in the nuclear engineering
measurements by applying a signal time delay
compensation function and a water level change
detection function are studied. The smart transmit-
ter is especially designed to put user specified
functions in practical use as necessary for the use
in nuclear engineering measurements. In order to
show the utility of the user function of the prog-
rammable smart transmitter, a digital compensa-
tion function and a water level change detection
algorithm are developed in this work. In measur-
ing the nuclear power plant coolant temperature,
the measured temperature parameters should be
compensated because of the inherent instrumenta-
tion delays of the sensor and the time delays by
the piping lags between the reactor core and the
loop—temperature—sensors. The effective time
compensation and reduction of signal distortion
can provide improved reactor operating condition
and more accurate calculation of core protection
limit. For another example of user programmable
function, the temperature signals of the level sens-
ing thermocouples are processed by the smart
transmitter. The water level change detection
algorithm is studied as an example of the perform-
ance of the user programmable function which is
based on the signal processing of the programm-
able smart transmitter. From the viewpoint of safe-
ty, the water level sensing is very important to
provide an adequate heat sink and to confirm the
safety of the system. Liquid level can be sensed
by discriminating between the heat transfer of the
liquid and that of the vapor phases [4]. The com-
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pensation function and the water level change
detection algorithm of the programmable smart
transmitter can be applied to the level sensing
signal processing and it provides more accurate
and rapid information on the water levels.

2. Programmable Smart Transmitter
2.1. General Smart Transmitter Characteristics

The smart transmitter performs not only as the
instrumentation system but also as the signal pro-
cessing system [5,6]. The user can obtain the
useful data processed from the measured data in
field by using the programmable smart transmitter.
Fig. 1 shows the flow chart of the programmable
smart transmitter.

Calibration information for RTD and other sen-
sors are stored in the digital memory of the smart
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Fig. 1. Functional Flow Chart of The Smart Transmitter
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transmitter. This feature allows a unique ability for
the user to enter his own calibration curve and
thus customize the output of a smart transmitter to
conform to almost any input curve. This function
of self calibration can reduce the man-power and
personal radiation exposure {7,8,9,10]. In the
digital filter, we can take the output value of the
infinite impulse response(lIR) filter. Not only the
noisy signal, but also the overfiltered signal should
make unnecessary additional time delay to the
instrument system. By the digital data processing
and communication, the time constant of the digit-
al filter can be optimized without changing any
inner structure of the programmable smart trans-
mitter. The smart transmitter can find the sensor
and reservoir failure with embedded failure detec-
tion algorithm and can change the operation
range by communication between the transmitter
and the control room. The smart transmitter can
also eliminate the effect due to the ambient
temperature by measuring ambient temperature

for this function.

2.2 User Programmable Function and Its Ap-
plication in Nuclear Engineering Measure-
ments

The user programmable function of the smart
transmitter can be utilized in nuclear engineering
measurements. The user function programmability
is expected to improve the flexibility of the smart
transmitter because it is possible to reduce the
complexity of the data computation by user opti-
mized data processing, and the complexity of data
communication between the main processor and
the field signal.

The utilities of the user programmable function
in nuclear engineering measurements are studied
in this work and presented in the following sec-
tion. Firstly the RTD and the thermocouple time
delay compensation function is applied and
secondly the water level change detection func-

tion for the tank level sensing with the thermocou-
ple is developed and applied.

3. Applications of User Function

3.1 User Function for Compensating Measure-

ment Time Delay

In order to use the programmable smart trans-
mitter for temperature measurements in the nuc-
lear engineering for time delay compensation, the
response time compensation must be done based
on the characteristics of the digital transmitter. We
can assume the function of real temperature as a
straight line in one time step, as Tot}=at+b. Then
we can solve the following equation of Newton’s

cooling law
I o AT~ (ar+5)] 8y
as
T(t)=Ce ™ +at+(b—%). 2)

If we compare the temperature response function
T(t) with original temperature To{t)==at+b, then
the compensation part, A(t), can be found easily.

AC)= To(t)-T(t)=~Ce~ ¥ +2 (3)
T
Now, comparing the derivative of the tempera-
ture, T'(t), and the compensation part, Af{t), we
can find the correlation as follows :
_ ~ "
A(;):%:Iﬂl. @)
T
By linear approximation with O(h), O(h? or O(h?)
the derivative of temperature is obtained respec-
tively as follows [11] :

10~ 10T (5)

T'(t)z3T(t)—4T(12_:)+T(’_2h) 6)



T,(t)~11T(t)—18T(t-h)+2hT(t—2h)-2T(t—3h) )

So the formulation of A(t) is as follows:

A(x)s..T(’_)'{?(’“J 8)

A)~ 37(:)—47(12 —Thh)+T(x—2h)

9)
A~ 1lT(t)-18T(t—h)«;QJ,‘(t—Zh)—ZT(t-%) (10)

Above equations, Eq. 8, Eq. 9 and Eq. 10 are
used to compensate the time delay of measured
signal in the digital signal processing. The com-
pensation accuracy depends largely on the
measuring time interval, h. Furthermore, each of
the compensation equations has its own typical
characteristics, so a proper equation must be
selected and must be applied as the user function
in calculating the compensated temperature.

3.2. User Function for Water Level Change
Detection

The water level of the tank and the steam
generator can be sensed by discriminating be-
tween the heat transfer of the liquid phase and
that of the vapor phase. Jun and No of KAIST
perform the development of a measurement tech-
nique for two—phase mixture level on the basis of
the heated thermocouple method [4]. They mea-
sure the cument of the thermocouple to get the
information of the temperature changing when the
water insurges and outsurges.

In the water tank, the measured temperature
change in the case of water insurge is very rapid
so the detection of water level is not so hard,
however the measured temperature change in the
case of water outsurge is not so, as in Fig. 2. The
response time of the measuring temperature
change is about 700 seconds. The current increas-
ing point in Fig. 2 can be estimated as the time of
water level changing. So in the real time system,
in order to detect the level change promptly, the
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Fig. 2. Measured Signal When Water Outsurge

compensation function of the previous section and
the level detection algorithm are applied to the
user function simultaneously. Then the operator of
the nuclear power plant can sense the water level
more rapidly. Furthermore this work can simplify
the data communication between the level-sens-
ing thermocouples and the main signal processor

. because the level signal is determined at field. The
water level change detection algorithm is as in
Fig. 3 (a). Used parameters are as follows [12] :
fit) is input signal and the X is input vector for the
level detection algorithm.

X =[x1,x2,%3] (11)
x1= f(1)

¥2=1'() ="1;A”“’l 12)
3= f--(:)=-"-2;—t"‘2 (13)

The discriminators of gl, g2 and g3 are deviation
from the setpoint vectors, S;, Sz, and Ss, calcula-
tion function for X.

Sn=[s1,52,53]n (14)
sl, =al*t*3+H (15)
s2, =a2*(1-v) (16)
s3, =83 *(t-v) (17)
G\(X) =X-8; = [gl.g2.83] (18)
G2(X) = X-5, = [g1.g2.83] (19)

G3(X) = X-83 =[gl.g2.g3); (20)
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The 7, ¢,
system. The & is the noise altitude in normal

v and H are determined by the

condition, the ¢ is the compensation time and
the H is the nominal current when the thermocou-
ple is in the water. In order to assign adequate
values to the vectors of Gnlgl,g2,g3], the proper
S. vector must be taken. The integrator performs
gathering the information of G1, G2 and G3,
counting the detection number and finally making
decision of the water level. The integrator has a
set of decision criteria to detect the water level
and in this paper, the decision critera are as in
Fig. 3 (b) and the setpoint vector S. can be found
in results of applying above water level change
detection algorithm to the input data. Fig. 4 (a),
(b) and (c) show the results of water level change
detection point for various constant values. The
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Fig. 4. (a) (b) (c) The Applied Results of Water level
Change Detection To Determine The
Setpoint Vectors

setpoint vector, S., and counting number, N, of
decision criteria can be determined by the user.

4. Results

4.1 Digital Processing

The time constant of the compensation function
is determined by the sum of the application sys-
tem delay and the sensor system delay. The total
time delay, t at ramp input signal, can be deter-

mined as follows :



U(t)=1)+15(D+T3+14 (21)

It is possible to compare the analog data pro-
cessing system, and the digital data processing
system by taking the data paths in Fig. 5 (a). The
paths in Fig. 5 (a) are simplified data processing
paths for OTAT setpoint calculation in nuclear
power plants [13,14]. If 7. is 2 seconds, T: is
0.5 second for the digital system, 73 is 4 seconds
for the analog system and 7.is 1 second, then 7
of the digital system is 3.5 seconds and T of the
analog system is 7.5 seconds. However, the com-
pensation time constant is taken as 3 seconds, so
0.5 seconds and 4 seconds are unrecoverable
time delay for the digital processing and the ana-
log processing respectively. Fig. 5 (b) shows the
results of the data processing. It shows that the
digital data processing reduces the time delay of
the signal and improves the accuracy of measure-
ment, so the core limit margin due to measuring
uncertainty can be reduced when the programm-
able smart transmitter is applied to nuclear en-
gineering measurements.
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4.2. Results and Comparison of The Compensa-
tion Equations

The digital compensation functions perform the
elimination of the time delay of the measured
signal, however, the unavoidable error of the
digital processing due to the data input time inter-
val, h. In Fig. 6, the characteristics of the digital
compensation function with the h are shown.
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Fig. 6 The Characteristics of Digital Compensation
Function with Input Time Interval, h



Application of Smart Transmitter Technology -+-H.G. Kang and P.H. Seong

To apply the compensation function properly,
the characteristics of each equation must be analy-
zed. For the smoothly changing signal, the Eq. 10
shows the most accurate compensation result and
the Eq. 8 the worst as shown in Fig. 7. However,
for the rapidly changing signal, the Eq. 10 shows
the poorest accuracy as in Fig. 8. It is because the
Eq. 10 contains the value of three time step be-
fore. The Eq. 9 has the characteristics which are
the intermediate of Eq. 8 and Eq. 10. So, in the
practical system, we must take an appropriate
compensation equation in accordance with the
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Fig. 7. (a) Real Temperature and Measured Tempera-
ture for Smoothly Changing Case
(b) The Compensated Error by Eq. 8
(c) The Compensated Error by Eq. 10

parameter changeability and with the degree of

noise.
4.3. Water Level Change Detection

As in the Fig. 2 , the signal of measurement has
much noise and long system time delay. So, the
observer cannot find the water level easily, but the
compensated data of the measured signal shows
much more clear shape. Fig. 9 shows the com-
pensated data of the measured data and real time
level detected point. The current increasing point,
around 209-second point, in Fig. 2 can be esti-
mated as the time of the water level changing.
The response time to detect the water level is
about 700 seconds by the original measured sig-
nal, but about 84 seconds by the compensated
signal. Furthermore, in the case of applying the
compensation function and the level detection
algorithm to the programmable smart transmitter,
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the water level change detection time is at Error r—— ———
217.29-second point, so the response time to de- (C)
tect the water level is reduced to about 8.3 X1E-4- ]
seconds.
Used setpoints, S» (n=1, 2, 3) are determined 6 { ’
by select the 7, &, v and H as 145 seconds, 4
0.05 mA, 240 seconds, and 1.37 mA respectively.
The constants of al, a2 and a3 that are used in 2 | i
Eq. 15, Eq 16, and Eq. 17 respectively, are
selected with the Fig. 4 (a), (b), and (c) and the 0 F _ J
selected values are as followed: —L " e L
0 50 100 150 200
Time (sec)
Setpoint \constant  al a2 a3
S1 2.2x10° 2.0x10* -5.0x10* (b)
S2 9.1x10°% 3.0x10° -2.6x10°
S3 1.0x10° 2.5x10° -2.0x10°
80 1 L] L) s T R v
|
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- (©) [ 1
5. Conclusion’
40t -
It is shown that the accuracy of the instrumenta- l
tion system is improved by reducing the time de-
lay with the programmable smart transmitter. The 20} 1
programmable smart transmitter which includes
the user function as a compensator and water or ﬁ
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ol Realfemp_—_— ] ©
Temp - . Fig. 8. (a) Real Temperature and Measured Tempera-
(C) Instr. Temp.
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1
2L i
0 ] level detector show good response to the incom-
i s . \ , . ing signal by using the information about the
0 50 100 150 200 optimal operation conditions. Especially it is found
Time to be possible to detect the water level rapidly in

(a) heavy noisy and bad responsing system.
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Fig. 9. Measured Signal, Compensated Signal and
Level Detected Points

Nomenclature
X : input vector for the level detection algor-
ithm, [x1,x2,x3]
x1 : input 1 for the level detection algorithm

(measured signal by the sensor)
x2 : input 2 for the level detection algorithm
{first order derivative of the measured
signal)
x3 : input 3 for the level detection algorithm
(first order derivative of the measured
signal)
S. : setpoint vector for the level detection algor-
ithm, [s1,52,s31.
s» : setpoint for x.
Gn : deviation from the setpoint vector, S. to the
input value, X
g~ : deviation from the setpoint and input value
T({t) : measured temperature at t
T (t) : time delay of the measured signal
7, : time delay by the application system
T(t) : time delay by the digital filter (function of
time)
;. : sum of the time delays by the analog filters
7 : time delay by the sensor system
v : compensation time
: the noise altitude in the normal condition

H : nominal current that the thermocouple is in
the water
t : time

At : time step

h : time interval (unit time step of the digital
processing)

a,al,a2,a3,b: constants
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