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This study deals with the in site determination of 
the response time of platinum resistance sensor. 
In the first part of this work, two methods furnishing 
the reference response time of the sensors are studied. 
In the second part of the work» two methods obtaining 
the response time without dismounting of the sensor» 
are studied. A comparative study of the performances 
of these methods is included for fluid velocities 
varying from 0 to 10 m/sec, in both laboratory and 
plant conditions. 
Keywords : Nuclear sensor time response» Laboratory 

experiments, noise analysis. 

1. INTRODUCTION 
The periodical verification,of the time response of the sensors is neces
sary during the life-time of the plant, to check that the performance of 
the security systems is in agreement with the technical specifications of 
the safety analysis reports. In order to perform the periodical test of the 
time response of the sensors, it is necessary to design testing methods 
compatible with the real conditions during their actual use. This study 
deals with different measurement methods of the temperature sensors, 

The response time 1s defined as being the time during which it reaches 
63.2 % of the maximum value after a temperature step was applied. 
In a first step» the methods giving the reference value of the response 
time were studied. They require the dismounting of the sensor. 
In a second step, the methods that do not require dismounting of the censor 
were tested, and the values obtained were compared to the reference values. 
These tests took place both in laboratory and plant conditions. 



2. - DESCRIPTION OF THE TEST LOOPS 
2.1. Introduction 
Two test loops were built for these experiments. Thé first one operates 
under laboratory conditions, end allows the refining of the methods to be 
used. However, in order to apply the on-line test methods on the protec
tion system sensors of light water reactors, it is necessary first to 
validate them under plant conditions. For this reason, a second test loop 
was built. 
2.2. Test loop operatinç under laboratory conditions 
It consists mainly of a loop of plastic transparent tubes, with a diameter 
of 53 mm, the sensor testing section two plastic tanks with a size of 
73.5 x 73.5 x 85 cm, and a pump of 16 KW. 
Using a special cold water injection rozzle, connected to a fast 
electric valve, the sensor can be exposed to temperature steps, or pseudo
random temperature fluctuations (Bandwidth of 10 Hz). The fluid velocity 
at the test section can be regulated from 0 to 10 m/s. The measurement 
)f the temperature upstream the sensor is done with a fast thermocouple 
of 0.25 mm in diameter and a response time of 10 ms. 
2.3. Description of the test loop operating under plant conditions 
The operating conditions of this loop are the following : water temperatu
re at 280 °C, pressure of 160 bars, and water velocity variable from 0 to 
7 m/s. 
The test of the sensor is done by injecting a small quantity of cold 
water (30 °C) into the flow of hot water (280°C) that circulates in the 
loop. In order to obtain good temperature steps, it is necessary to inject 
a constant quantity of cold water. This is achieved due to the control of 
the cold watir pressure to a va'ue of 30 bars above the hot wate.- pressure. 
The injection of the water is done with a fast electric valve. A mixture 
of homogeneous temperature is obtained around the sensor, due to the tur
bulence created in i small chamber, especially designed for this purpose. 
The rise-tirce of the temperature step :,$ of the order of 40 ms. The 
fluid temperature around the sensor under study is measured with a thermo
couple whose response-time is.10 ms. A flow rate sensor allows the measu
rement of the fluid velocity at the test section. 

3L - REFERENCE RESPONSE TIME MEASUREMENT 
3.1. Introduction 
In order to evaluate the accuracy of the measurement of the sensor res
ponse time in situ, the reference value must be determined. Two methods 
were investigated :' 
The first method consists in producing a temperature step and analyzing 
the sensor response obtained. The response time is deduced graphically. 



Thé second method requires the use of a fast reference sensor located 
upstream with respect to the sensor under study. The response time is 
deduced from the mathematical model representing the dynamic behaviour of 
the sensor. This model is developped using the signals of both the fast 
sensor and the sensor. 
These methods were tested on sensors placed in both test loops described 

3.2. Temperature step method 
The response time measurement with the temperature step method is obtained 
as follows : A temperature step is applied to the sensor by opening a 
fast electric valve.The time moment of the step fast appearence is ' 
furnished by the thermocouple . 
The réponse time of the sensor obtained in a graphical way» is the time 
during which it reached 63.2 % of its maximum response value. In this 
method» . we assume a perfect temperature step. 
3.3. Reference sensor method 
This method is based on the identification techniques of the mathematical 
model that represents the dynamic behaviour of the sensor. It requires 
the knowledge of the upstream temperature signal, using the fast thermo
couple. With this method, it >s not necessary to assume perfect temperatu
re steps. The model is deduced knowinq the signals furnished by the sensor 
and the thermocouple. 

The mathematical model chosen to represent the sensor, is a transfer 
function with a numerator of order m and a denominator of order n. The 
minimization method used, was that one of least squares. 
The optimal order of the numerator «ir .i ;ne denominator were determined 
with respect to the best performance criterion obtained. 
For the sensor the optimal model is a transfer function of the 3 order. 
Figure 1 a shows the signal given by the termocoup'le. 
Figure 1 b shows the comparison of the signal given by the sensor and the 
one calculated by the model. 

•i. - Olt-LINE EVALUATION OF THE RESPONSE TIME 
4.1. Introduction 
These tests were developped in order to evaluate, at the site and without 
dismounting, the response time of sensors used in the protection system 
of PWR plants. Two types of tests were developped. The first one is an 
active method that consists in studying the thermal response of tie sensor 
to an eleccric excitation. The second one is a passive method that consists 
in analyzing the noise of the sensor itself, in nominal ooerating condi
tions. 



4.2. Active method : Loop Current Step Response (LCSR) 
4.2.1. Principle of the test [1] 
The temperature measurement with a resistance sensor is done in a classical way» using a Wheatstone bridge. The electric current passing through the sensor is of the order of a few mA. The current introduces on internal self-heating which is generally negligible. The principle of this test is to increase suddenly this current and study the transient associated with the self-heating that is induced. 
4.2.2. Response time determination using LCSR 
The calculation is done using a thermal model of the sensor. He assume that the heat transfer takes place only radially (monodimensional model). 
In this case it can be shown that : 
- The transfer function associated with an external excitation (variation of the fluid temperature) is of the form : H t(p) = K/n (p-p.) I l l 
- The transfer function associated with an internal excitation (heating by an electric current) is of the form : 

H 2(p) •- il (p-z,) /n (p-p.) m 

The step responses associated with H, and H 2 are : 
R,(t) - A + i A. e'Pi 1 / 3 / 

M t ) = B o + E Bj e-Pi* /4/ 
The measured transient R2(t) is analyzed in order to find the po'es p.*. The knowledge of their values is sufficient to deduce the transfer function H, (which does not contain a zerol, and thus the step response associated with it R x(t). 
This method is illustrated in Fig. 1 c, where the transients Rj(t) and R2(t) are i.hown. The estimation of the poles P-j was achieved using the least squares method. The order of the model used is 3. 
4.3. Passive method ; Sensor noise analysis 
4.3.1. Principle of the analysis 
The analysis consists in using the fluctuations of the electric signal around the continuous, constant value, that represents the point of operation. These fluctuations are the noise of the physical process filtered by the sensor. We assume that the process noise is stationnary and white Purposely, during the tests on the loops, a pseudorandon modulation of the temperature was applied, consequently we can assure that the power spectrum of the sensor noise signal represents the roodulus of the sensor transfer function H(p). 
These are two methods of analysis : the first one consists in carrying out a fit to the spectrum by a simple transfer function. The second one is a 



mathematic modelling of the noise, applying the signal In time domain 
The response is obtained by determining the time during which the step 
response reached 63.2 % of its final value. 
4.3.2. Power spectrum fit method 
The transfer function in search, approximates in the sense of least squa
res the power spectrum obtained by the Fourier Transform [1]. The problem 
of fitting lies in the choise of the transfer function form, and in the 
method used to minimize the criterion of the least squares method. 
The application of this method on a sensor with piatinium resistance, shows 
that a transfer function with i.o zeroes allows a good fit of the PSD. Its 
optimal order was found to be 3, and the response time of the sensor 
deduced was 300 ms, for a fluid velocity of 2 m/s. 
4.3.3. Time-Series method (Autoregressive model) [jQ 
We assume that the fluctuations analyzed belong to a random, stationary 
and linear process. In thisncase the following model can represent it : 

>k s f B, t* V|c-i + vk /5/ 
where n is the order of the model, bi are the coefficients to be estimated, 
yit is the noise sequence analyzed, and vjç is the excitation, white noise. 
The Yule-Walker equation [2] allows to calculate the coefficients b-| from 
the autocorrelation function of the signal yy. The step response of the 
sensor is deduced by applying a step input to the mock»! obtained. 
Figure 2 shows a superposition of the PSD or: the spectra estimated by 
models of order 3 and 10. The corresponding step responses are also shown. 
The response time obtained is of the order of 300 ms. 

5. - RESULTS AND CONCLUSIONS 
Four methods were applied for the determination of the response time of 
platinum resistance sensors, used in the protection system of light 
water reactors. For the series of experiments undertaken» two test loops 
were used, with a fluid velocity variable from 0 to 10 m/s (Fig. 3). 
The two methods used to measure the reference response time five similar 
results. However the method using modelling of the sensor is more accurate 
Results of similar tests performed on both test loops show that the effect 
of plant pressure and temperature conditions is negligible on the res
ponse time measurement. 
The on-line active method (LCSR), gives good results. However* it requires 
an accurate analysis of the transients obtained, and also the dismounting 
of the sensor from its converter. 
The on-Hne passive method gives excellent results when used on the test 
loops. Work has been under way on its application in nuclear power plants, 
and comprehensive results are still to follow. 
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FIG. l c - LOOP CURRENT STEP RESPONSE 
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FIG. 2a - POWER SPECTRAL DENSITY AND AUTOREGRESSIVE MODEL SPECTRUM 
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F IG . 2b - STEP RESPONSE OBTAINED BY THE A .R . MODEL 
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