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INTRODUCTION

As a novel instrumentation tool in the liquid-metal-cooled fast
breeder reactor (LMFBR), under sodium viewing systems have
been developed, aiming at visualizing reactor core
components. A relatively recent report provides a
comprehensive review and assessment of current and past
research and development efforts of various countries
including U.S, U.K, Germany, Japan, India, Belgium and
France towards developing such systems for their fast reactors.
The earliest application [1] of USV known as “Visus” was in
the Phenix reactor, which enables fuel assemblies to be
observed during loading. It was already reported about the
ultrasonic under viewing system in FBTR, India, first in April
1988 [2] and later in 1995 [3]. The viewer was used to scan a
region below a component, namely core cover plate
mechanisms (CCPM) of the reactor to find any protruding
Sub-Assembly (SA) beneath it. In PFBR two methods are
envisaged for finding the presence of an object in the 100 mm
gap between SA top and lattice plate. Receiving the echo
directly from the projected object is called direct imaging [4]
and other one is indirect imaging using shadowing effect of
protruded object on blocking Sub Assembly. The blocking SA
is the circular shielding SA projected by 100 mm above the
SA top and located in the last row. In the later technique there
is a change in the echo pattern received from the blocking SA
due to the protruding object. The feasibility study of direct
ultrasonic imaging of CSRDM / DSRDM was carried out in
water . In PFBR, nine CSRs gripped by the respective CSRDM
are used for control as well as shutdown of the reactor. Diverse
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ABSTRACT

The main objective of Under Sodium Ultrasonic Scanner (USUSS) for Proto type Fast Breeder Reactor (PFBR) is to
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Mechanism (DSRDM)or Control and Safety Rod (CSR) is protruded in the above core plenum before starting the fuel
handling operation. Hence it is necessary to detect and locate the object, if it is projecting. To study the feasibility of
direct ultrasonic imaging of CSRDM / DSRDM experiments were carried out in a 5m diameter water using in house
developed PC based automatic scanning system. This paper gives the details of the imaging features of CSRDM /
DSRDM, their locations in the reactor core, experimental setup, results obtained and the discussion on the results.
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Safety Rods (DSRs) are used for reactor shut down. This DSR
is attached to DSRDM. During fuel handling operation
CSRDM and DSRDM will be lifted above the bottom of
control plug so that there will be clear 100mm gap in the
plenum and the plug rotation can be performed safely. But in
case if any mistake, CSR / DSR is not detached from CSRDM
/ DSRDM and if it is not lifted above the bottom of control
plug, then it will hinder the plug rotation. Hence it is necessary
to detect and locate the projected object. To study the feasibility
of direct imaging of CSRDM & DSRDM, water experiments
were carried out in the 5 meter diameter water tank using in-
house developed PC based automatic scanning system.

SIMULATION OF CSRDM & DSRDM

During reactor operating condition, CSRDM is gripping the
CSR and the DSRDM holds the mobile DSR. During fuel
handling operation the CSRDM & DSRDM are positioned
above the lattice plate. In case of the condition in which either
the portion of the mechanism or the portion of CSR is not
detached from the CSRDM, it will project within the core
cover plenum. The complex shapes (Cone, taper, slotted
portion) are there within 600 mm height of CSRDM gripper.
The height of the cylindrical object is reduced to achieve
overall height of 230mm by keeping the complex shapes of
same size, which is suitable to carryout experiment in Hall-II
water tank. Simulated CSRDM & DSRDM grippers are shown
in Fig. 1. As the CSRDM & DSRDM gripper have different
shapes, support rods with manual lifting arrangement are used
to move the object up and down to get the image from different
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shapes with in 100 mm gap. The experimental work was carried
out only with CSRDM & DSRDM gripper.

LOCATION OF CSRDM & DSRDM in PFBR

In PFBR, USUSS is deployed through In Vessel Transfer (IVT)
port and Observation port to ensure no protrusion of the sub
assemblies / CSRDM /DSRDM in the 100 mm gap of above
core plenum. FIGURE 2 shows the locations of CSRDM and
DSRDM positions and distance from the transducer, the
straight lines shows the direct view of CSRDM and DSRDM
from IVT port and Observation port respectively. The
maximum distance of CSRDM from IVT port is 2814mm in
sodium and the maximum distance can be viewed in water
testing is 2670mm. This is due to limitation of water tank.

EXPERIMENTAL SETUP

The experimental set up consists of mechanical scanner,
ultrasonic transducer of 1 MHz, ultrasonic equipment and PC
based automation system. The details of mechanical setup and
electronics automation are explained below

Mechanical setup

To carry out the ultrasonic imaging experiments, a setup has
been erected in Hall-II in 5 meter diameter water tank. The
setup is as shown in FIGURE 3. The setup consists of FBTR
ultrasonic scanner with 1MHz ultrasonic transducer located
at one extreme end of 5 meter water tank. The lattice plate of
2.25m dia. with sleeves is fixed using tie rods at the centre of

Fig. 1 : Simulated object of CSRDM & DSRDM

Fig. 2 : Locations of CSRDM (9 nos.) and DSRDM (3 nos.) in PFR



NDE 2011, December 8-10, 2011 31

the tank. The lattice plate has the provision to locate the
CSRDM & DSRDM. The simulated CSRDM is fixed on the
holder provided in the lattice plate. The height of the S.S.
water tank is 500mm. The tank bottom is leveled by mounting
12mm thick S.S. plate. The water tank has the facility to fill
and drain the water. The sub assembly heads of 150mm height
have been fabricated and mounted in the tank. The lattice plate
height is adjusted such that the gap between the thermo well
sleeves and sub assembly head top is maintained 100 mm.

PC based automation system

For carrying out the experiment, the FBTR mockup scanner
automated with 2 stepper motors is used for Z & Theta
movements. The controller and drive for two motors are
mounted in the Instrument panel located at the ground floor
of Hall-II. The USIP-12 equipment with spike excitation is
used in pulse echo mode. The ultrasonic transducer is
connected to this equipment. The RF signal output from USIP-
12 is interfaced to the National Instrument make PCI based
digitizer card located inside the Industrial PC and the software
was developed in Lab view for acquiring A scan data, B scan
data, C scan data, offline analysis and movement of stepper
motors. The Lab view software is having provision to set the
gate and its threshold for various values. The main user
interface consists of buttons, from which one can navigate to
different screens such as configuration panel, A-scan, B-scan,
C-scan, offline analysis and exit. For carrying out the
experiment on imaging of CSRDM / DSRDM, gate width was
set corresponding to a distance of 1.9m to 2.7m with minimum
threshold voltage. The depth information was shown in
different color in the C-scan. The actual depth at desired
elevation can be found out from B scan data. The effect of
amplitude threshold can be studied in offline analysis.

EXPERIMENTAL DETAILS

Different experiments are conducted by systematically moving
the ultrasonic transducer (center beam) from 25mm height
(above the normal SA top surface) to 100mm height in steps
of 1mm in the upward direction and 0.2°steps in the θ direction.
Three experiments are conducted. The experimental details
are explained below.

Fig. 3 : Experimental setup

Case – 1

The FIGURES 4a and 4b show orientations and locations of
the objects respectively. The corresponding ultrasonic c-scan
and b-scan images with 0.1V threshold are shown in FIGURE
4c and 4d respectively. The first object is CSRDM and no slot
portion facing the US transducer and cylindrical portion in
the above core plenum. The image is constructed by having
minimum amplitude threshold with different color for different
depths. The gating was set from 1.9m to 2.7m distance. The
image is very distinct with good echo strength. The second
object is CSRDM with the slot portion facing the transducer
and cylindrical portion in the side view. Because the slot is in

Fig. 4 : Case-1 Five objects and its ultrasonic image
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direct view to US transducer, echo is not of sufficient strength
and hence the image was not distinct. The third object is
DSRDM cylindrical portion with rectangular slot in 100mm
plenum. The image is clean but not broader due to the slot at
the cylindrical portion. The fourth object is CSRDM with slot
slightly away from the direct view of transducer and only
cylindrical surface in 100mm plenum. The width of the image
is not as good as object 1. The fifth is object DSRDM with
cylindrical surface in 100mm plenum without rectangular slot
the echo strength is very good and broader image was obtained.

Case – 2

The FIGURE 5a and 5b shows the object and its ultrasonic
image. The first object is CSRDM and no slot portion facing
the US transducer and cylindrical portion in the above core
plenum. The image constructed is broader. In the case of
second object (CSRDM), conical portion is in the 100mm
plenum, hence reflected ultrasonic energy does not come back
to the ultrasonic transducer and no echo is observed from the
object. In the case of the third object (DSRDM) also, conical
portion is in the 100mm plenum, hence image is not plotted.
In the case of fourth object (CSRDM) the transducer is viewing

cylindrical portion of smaller diameter as well as cylindrical
portion of larger diameter. The image is plotted for smaller
diameter and then due to step the strength started reducing.

Case – 3

The FIGURE 6a and 6b shows the object and its ultrasonic
image respectively. This experiment is conducted with 0.5mm
steps in the vertical direction to extract more information. The
first object is CSRDM in which the slot is in direct view to
US transducer with half cylindrical and half conical portion
in the 100 mm region and a feeble echo was received and
hence the image is scattered. In the case of second object
(DSRDM), the image was plotted in full strength except near
the rectangle slot portion. The third object is CSRDM with
slot at slight deviation from direct path and also small conical
portion and cylindrical portion in 100mm plenum. The image
obtained is slender with no echo from slope portion.

DISCUSSION ON RESULTS

From case-1, it was concluded that no echo is received from
conical portion of CSRDM. If the CSRDM slot is not in the

Fig. 5 : Case-2 Four objects and its ultrasonic image Fig. 6 : Case-3 objects and its ultrasonic image
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extreme end of the DSRDM, it will not hinder the fuel handling
operation even if it is protruded from top.

In the case of CSRDM, the cylindrical portion gives raise to
very good image provided the slot of the CSRDM is not in the
direct view of the ultrasonic transducer. The conical portion
of 53.8 mm does not give back echo irrespective of the position
of the slot. The position of CSRDM & DSRDM can also be
measured using potentiometer as well as synchros. Ultrasonic
imaging will provide alternative option in determining the
positions ensuring redundancy in measurements and thus
increasing safety.
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direct view and the cylindrical portion is in the above core
plenum, broad and distinct image is obtained. If the slot is in
the direct view and the cylindrical surface is within the plenum,
very feeble echo is received and the image is not distinct. In
the case of DSRDM, the cylindrical portion without slot give
raise to broad and distinct image compared to the cylindrical
portion with slot. However, in both the cases the reflections
are obtained and ultrasonic images are constructed.

From case-2, it was concluded that the conical portion of
CSRDM & DSRDM at the end do not give back echo and
hence image is not constructed.

From case-3, it was concluded that if the CSRDM slot is in
direct view to transducer, no echo is received from the conical
portion as well as cylindrical portion present in above the core
plenum. The conical portion of 53.8 mm does not give back
echo irrespective of the position of the slot. The CSRDM with
slot in view of the ultrasonic transducer does not give back
echo even from cylindrical surface. This happens with only 1
CSRDM, when viewed through IVT port, but the same can be
viewed from observation port. Similarly, one CSRDM is not
viewed from observation port, but can be viewed through IVT
port.

CONCLUSIONS

The DSRDM is having a rectangular slot and conical portion
of 36 mm. The cylindrical portion of DSRDM without the
rectangular slot reflects very strong echo compared to DSRDM
with the rectangular slot. The echo is not received from conical
portion of 36 mm. However, as the conical portion is at the


