
Online Diverse Safety Rod Drop Time Measurement System for
Prototype Fast Breeder Reactor

M. Anandaraj, P. Anup Kumar, R. Ramakrishna, M. Thirumalai, V. Prakash, C. Anandbabu,
P. Kalyanasundaram and G. Vaidyanathan
Fast Reactor Technology Group, Indira Gandhi Centre for Atomic Research, Kalpakkam, India

Email: manand@igcar.gov.in, prakash@igcar.gov.in

Abstract
Prototype Fast Breeder Reactor (PFBR), which is under construction at Kalpakkam has three numbers of Diverse Safety Rods (DSRs) to shut
down the reactor in case of an emergency (SCRAM). Whenever there is a SCRAM signal, the electro-magnet holding the DSR gets de-energized
and it falls under gravity. The designed fall time of DSR is less than one second. As a safety requirement, it is required to measure the total
fall time of DSRs, to ensure the proper insertion of rods in the core.

Acoustic technique was employed for the measurement of fall time of DSR, with piezo-electric accelerometers as the primary sensing element.
Experiments were carried out in various test facilities for establishing the measurement technology. Based on the experimental results and
observation, configuration of a dedicated online system for drop time measurement has been arrived at and finally an online prototype system
for DSR drop time measurement has been developed. This paper discusses the development of online DSR drop time measurement system
for PFBR based on acoustic technique, its features and performance test results.

2. Acoustic technique

Acoustic technique is based on the detection of shock
signals produced at the end of free fall and during
deceleration of DSR in the dashpot (1). Once the DSR is
released from EM, at the end of free fall, DSR hits top end
of the dashpot and will generate a shock signal. Similarly at
the end of braking (deceleration) time another shock pulse is
generated. By measuring the time delays between the step
transition of electromagnet signal and the above shock

1. Introduction

Prototype Fast Breeder Reactor (PFBR), which is under
construction at Kalpakkam, is a 500 MWe, Sodium cooled
pool type reactor. As a diverse safety mechanism, three DSRs
are provided in PFBR core for its safe shutdown during a
SCRAM. DSR Drive Mechanisms are housed and supported
at top of the control plug, which is situated right above the
core. During any SCRAM, DSR will be released from the
electromagnet and it will fall into their corresponding core
subassemblies. Figure 1 shows the position of DSR
subassemblies in the PFBR core. A sodium dash pot is
provided inside the DSR subassembly for receiving the DSR
and to bring it into its rest position. Figure 2 shows the DSR
and its assembly. The total fall height of the DSR is 1075 mm
and the designed fall time of DSR is less than one second.

As a safety requirement, it is required to measure the
total fall time of DSRs, to ensure the proper insertion of
safety rods into the core. Acoustic technique was employed
for the measurement of fall time of DSR, with piezo-electric
accelerometers as the primary sensing element. Experiments
were carried out in various test facilities during the initial
phases of technology development. During the subsequent
phases of experiments drop time of DSR was measured
accurately using acoustic technique. Based on the
experimental results and observation, configuration of a
dedicated online system for drop time measurement has been
arrived at. This was modified and fine tuned and finally an
online prototype system for DSR drop time measurement has
been developed.

Fig. 1 : DSR Location in PFBR core
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signals, free fall and braking times can be estimated. Piezo-
electric accelerometers are used as the primary sensing
element. The output of the accelerometers are amplified and
fed to a digital high speed data acquisition system for
analysis and measurement of freefall time. The free fall time
is defined as time elapsed between the instant at which the
EM holding the DSR gets de-energizes and the instant at
which the dashpot action is initiated. At the end of free fall,
deceleration of DSR will take place in the dashpot region.
After deceleration the DSR will rest in the dash pot. The time
taken for completion of deceleration of DSR is called braking
time. The summation of free fall time and braking time will
give the total drop time of DSR.

3. Experimental activities

For the development of acoustic technology and
measurement system, experiments were carried out
systematically in different phases. The different phases are
explained in the following section.

3.1 Phase-I : Feasibility Studies

The first phase of experiments starts with preliminary
feasibility studies. This was carried out to see whether
acoustic detection technique can be used to detect any
variation in the signal during the testing of DSR. Time signals
were recorded and analyzed and it was observed that the
acoustic sensors responded well to the impact noises of
DSR.

3.2 Phase-II : Measurements in various test setups using
accelerometers

Followed by the Phase-I feasibility studies,
measurements were carried out in different test setups and
signals were recorded and analyzed. During these
measurements sampling frequency and other signal

Fig. 2 : DSR and its Assembly

Fig. 3 : Time signal from accelerometers during SCRAM
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acquisition parameters were modified to obtain a clear
distinction between the impact signal and normal background
signal. Tests were carried out in sodium as well as in water.
Measurements were also carried out to study the
characteristics of the signal at the source by mounting
sensors directly on the dashpot location. Sensors were also
mounted on wave-guides and as well as on the DSR drive
mechanism. Total drop time of DSR was calculated from the
measured signal. Figure 3 shows a typical time signal
obtained during the DSR dropping with acoustic sensors
mounted on DSR Drive Mechanism [DSRDM] Top and on a
dedicated waveguide. Both signals were found to be similar

in nature and the measured fall time was also found to be
matching well. The free fall time was measured to be 552 ms
and the total drop time of DSR was found to be 751 ms.

3.3 Phase-III : Validation of the technology

This phase of measurements includes various
experiments to validate the acoustic detection technique
using accelerometers. Experiments in water with different
sensors such as Dynamic Pressure Transducer, Load Cells,
Ultrasonic sensor etc were carried out. Fig.4 shows the time
plot recorded during the experiment.

Fig. 4 : Time signal during measurement with multi sensors (In water)
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The observed free fall time and total drop time is found
to be the same in both the accelerometer signals. The free fall
time is 610 mS and the total fall time is 1.024 S. The total drop
time obtained in the acoustic sensors is found to be matching
with the Pressure sensor output. The total drop time obtained
using Ultrasonic sensor for the same condition is 945 ms.
This is because the position of the gate at which the final
pulse is produced, is 40 mm above the Ultrasonic sensor.
DSR will move still 20mm even after the gate location, to
reach its final position. The final impact will be detected in
accelerometers only after the DSR reaches its final rest
position and this causes the difference in total drop time in
Ultrasonic sensor & Accelerometer. In the load cell output,
it is observed that when the DSR is released from the EM,
the load cell output decreases as expected. At the end of the
free fall a slight reduction in the load cell signal is observed,
which may be correlated with the free fall time. But it is not
possible to determine the total drop time exactly from the
load cell output in the current configuration.

To validate the measurements made using the
accelerometers, ultrasonic technique was used and
measurement was conducted in sodium at 2000C (2). Fig.5
shows the DSR position Vs Time graph was obtained using
ultrasonic technique. This graph highlights the position of
DSR during its travel during a SCRAM, at different instants
of time. Apart from this, measurements were carried out during
the endurance testing of DSR and drop time of DSR was
recorded during the entire testing. Measurements were also
carried out in Fast Breeder Test Reactor (FBTR), which is
under operation at Kalpakkam, to characterize the reactor
background noise and the signal generated during the
dropping of FBTR control rods.

3.4 Phase-IV : Development of Prototype system

Based on the results and observation from all the
measurements carried out so far, a configuration of a
dedicated system for drop time measurement has been arrived
at. This was modified and fine tuned and finally a prototype
system in LabVIEW platform has been developed.

4. Architecture of Online drop time measurement
system

On-line Diverse Safety Rod drop time measurement
system is intended to measure the free fall time and total
drop time of three DSRs in PFBR. The system is based on
acoustic detection technique with accelerometers as the
primary sensing element installed on individual DSR drive
mechanism which is 11m away from the dash pot entry where
the impact takes place. Figure 6 shows the architecture of the
system.

The architecture of the system includes sensors inputs
from the field, accelerometers on the DSRDM and Electro-
magnet relay output signal indicating the initiation of
SCRAM. Signal conditioners for accelerometer signal and
SCRAM signal will be used to condition and amplify the
signal inputs. The signals will be streamed to the work station
PC using industrial high speed chassis. Application software
in LabVIEW running in the PC will be used for the real time
acquisition and analysis of the data. The system has to be

Fig. 5 : DSR Position Vs Time graph

Fig. 6 : Architecture of prototype system
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The measured fall time using the prototype system was
350ms.

Conclusions

Development of an online drop time measurement system
for PFBR Diverse Safety Rods, using acoustic technique has
been carried out. The system will be used to detect the fall
time of DSR during an emergency shutdown of reactor, to
ensure the proper insertion of safety rods in time into the
core. The system was tested in lab and in Fast Breeder Test
Reactor for its performance. The advantages of acoustic
technique include instantaneous response, minimum
hardware changes for implementation, ease of maintenance
etc.
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Fig. 7 : Time signal (Control rod @ 400 mm)

configured for operation and will continuously acquire the
analog signal input from electro-magnet and accelerometer
input signal. The digital input signal from the electromagnet
will act as the trigger during any SCRAM event to start the
signal logging and DSR drop time calculation.

Once the SCRAM is activated the accelerometer signal
as well as the SCRAM signal will be recorded and DSR drop
time will be displayed on the screen and stored in the system
memory. The entire system is a standalone one in the control
room without interfering with the normal operation signals in
the control room and will be fully dedicated to the DSR drop
time measurement. The developed system was tested for its
performance in lab and in Fast Breeder Test Reactor. Fig.7
shows the signal recorded using the developed system in
FBTR during the dropping of one control rod from 400mm.


