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The out-of-pile test for internal pressure measurement

of nuclear fuel rod using LVDT
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Abstract

As a part of the development of instrumentation technologies for the nuclear fuel
irradiation test in HANARO(High-flux Advanced Nuclear Application Reactor), the
internal pressure measurement technique of the nuclear fuel rod is being developed
using LVDT(Linear Variable Differential Transformer). The objectives of this test
were to understand the LVDT'’s characteristics and to study its application techniques
for fuel irradiation technology. It will be required to analyze the acquired internal
pressure of fuel rod during fuel irradiation test in HANARO. Therefore, the
out-of-pile test system for pressure measurement was developed, and the test with



the LVDT at room temperature were performed. This test were implemented in 1 kg/
cr increment from 1 kg/cn to 30 kg/cr, and repeated 6 times at same condition. The
LVDT's sensitivities were obtained by following two ways, the one by test and the
other by calculation from characteristics data. These two sensitivities were compared
and analyzed. The calculation method for internal pressure of nuclear fuel rod at
specified temperature was also established. The results of the out-of-pile test will be
used to predict accurately the internal pressure of fuel rod during irradiation test.
And, the well qualified out-of-pile tests are needed to understand the LVDT's detail
characteristics at high temperature for the detail design of the fuel irradiation capsule.
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LVDT Primary Cable LVDT Secondary Cable

Adaper
LVDT (No. 714)

Bellows Core
Assembly (No. 781)
PF End Plug
Elongation Plug
Adapter

stand
¥

Bourdon Tube Pressure Gauge(Wika)
- Size/Material : 100 mm / SUS

- Accurac cy 1 1.0%

- Scale Divisions : 1 Kg/

SUS Tube (1/4")  ——w

Reducer
(4FSCBN-316)
1/2" ~1/4"
sus

Regulator

Swagelok
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Coil 7% Loop Insulation
Primary Coil 825 Q > 10 G
Secondary Coil 105.7 & > 10 G
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2.2. ¢¥¥ WM37] (Pressure Transducer)

4= 37| = BCA<S} magnetic core, core holder, bellows support 2] 3 end plug®
TAE QY. 2= bellows”}t bellows support®} core holdero] 8% % o)) 31, bellows
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Model Portable LVDT Electronics Unit
Channel < Single Channel

Power Supply 17V

Oscillator 400 Hz

Constant Current Generator Card 50 mA

Cooling Natural Air Circulation
Operation Temperature <55 T
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Unit Connection Cable Connect To
PRIM.OUT LVDT®] Primary Cable
SEC.INP LVDT?®e] Secondary Cable
ANALOG OUT Data Logger %+ Multimeter
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Gain Input Range (mVrms)

10 0 ~ 500
20 0 ~ 250




19 7. Electronics Unit

1831, o] electronics unit®t LVDTS] A& 3 & (signal flow)< 19 83 #t}

[ Electronics Unit ] [ LVDT ]

Oscillator
(400 Hz)

400 Hz

A
Constant Current

Primarv

Generator

(50mA) i

Phase Reference LVDT

RMS-DC and Phase
Detection

l

Position Signal Out
(-5V to +5V DC)

Secondary
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< 8.08mm(0OD), 2.84mm(D), 2.625mm(T) ©]t}.
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Detail A

LVDT (No. 714)

Detail B

Bellows Core
Assembly (No. 781)

PF End Plug

Elongation Plug

Adapter

Gasket

O-Ring
(@2 - 2.5)

Gas
® Thread or Swagelok

Gas
® 0-30 bar
® 1 bar
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'20 T | T | T | T | T | T
0 5 10 15 20 25 30
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A Y = 0.05239 X - 1.63164
A R) 0.99977
EFHAHSD) 0.01042
A% 7 (N) 31
oA T7E 0ol &E(P) <0.0001
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