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Fuel elements used in the Reduced-Moderation Water Reactor (RMWR) have the
stacking structure consisting of MOX pellets and UO, blankets in a fuel rod in order to attain
the high breeding ratio and high burn-up simultaneously. It is a characteristic of the fuel
elements that there is high thermal stress caused by inhomogeneous linear power density
along the longitudinal direction of the fuel rod in comparison with the present LWR fuels. For
this reason, it is important to estimate local deformation behavior of the fuel cladding tube
with temperature difference caused by MOX pellet and UO, blanket. The testing machine was
designed to investigate thermal-fatigue behavior under biaxial stress condition. The testing
machine consists of the temperature distribution control unit, low cycle fatigue testing unit
and internal pressure loading unit, it is also possible to conduct the simulation tests to
investigate effects of pressure change with burn-up.and longitudinal load change due to

operation modes and restriction of fuel rods.

Keywords: Reduced-moderation Water Reactor, Fuel Rod, Cladding Tube, Thermal-fatigue,

Low Cycle Fatigue, Internal Pressure
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Table 1 Anticipated operating mode.

Cycle condition

Anticipated cycle

R.T.

High temperature
holding state

50% power

70% power

100% power

100% power

100% power
100% power

- 100% power

Maximum over power

~4/ year

~12/ year
~60/ year
~250/ year
~0.5/ year

Table 2 Specification of temperature control range.

Temperature difference between high
temperature area and low temperature area

0C 30C 60T 100TC
3007C 3007C 270C
330C 330C 300C 270C
High temperature R . o o
area 360C 360C 330C 300C
l O, O, o, O, 0,
4 70C 40C
MOX temperature 400C 00C 370 340 300C
500C 500C 470C 440°C 400C
600C 600°C 570C 540C 500C
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Table 3 Specification of low cycle fatigue testing

machine.
Load frame
Type Bottom actuator
Rated load +100 kN

Electromechanical actuator

Rated load +100 kN
Stroke +50 mm
Rate range 0.0001 mrh/ min~120 mm/ min
Load cell
Rated load +100 kN
Controller
Waveform sine, triangular, square,

ramp, trapezoidal
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Low output High output

i oy .
\1 /
]
]
]
/—_—_\\ B
~—— 8
Uo, :
E’ - 5
High temperature
| area
Restriction o
stress : | Low temperature
. | area

1 Thermal fatigue

= Temperature

Stress of pressure difference

Fig.1 ‘Schematic of the deformation factor which
act on a fuel rod.
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M

-

10 15 20 25 30 35

Axis position / cm

Relationship between fuel cladding tube
temperature and axis position.
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Fuel rod specimen
P Low output  High output

_ S '
1
Restriction ' Low temperature area
stress '
1
S
A \
1
' High temperature
' = | area
Stress of ' ~—_
pressure : T~
- ¢ Thermal fatigue
difference p / |
1
|
1
|
< > :
>
Temperature

Fig.4 Temperature distribution of fuel cladding tube specimen.
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Upper heater

To high frequency /
transmitter

High frequency
______ coll L

Extensometer C

High frequency
coil

Fuel cladding tube } k
specimen

_
Temperature

Lower heater

Fig.5 Block diagram of heating unit.
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Load cell
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©\_/
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Internal pressure

Vacuum chamber

\.

Hydraulic lift cylinder

N

Hydraulic hand

N [liis

introduction

Fuel cladding tube
specinien
/

[~ Lower grip

Drive motor

e

Fig.6 Schematic of low cycle fatigue testing machine.
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Safety valve

RN

Pressure z § AA

gauge

< A <] > ;}
To upper grip and
specimen(Fig.8) —><]

X

vaive

Gas booster
44 cc

Servo actuator
10 kN, 250 mm

ﬁ

SRV -

3

Hydraulic
power source

Low cycle fatigue testing
machine controller

Reducing

@__

@_

Fig.7 Schematic of pipe arrangement for internal
pressure load unit.
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Upper grip

From internal pressure
_ load unit(Fig.7)

<~

N, gas introduction

pipe ]

Fuel cladding tube
specimen

N

1T

Fig.8 Schematic of upper grip and fuel cladding
tube specimen.
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Internal pressure

>
Time
ﬁ Temperature
—>
Time
A
Restriction stress
—
>
Time

Fig.9 Example of test condition.
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Temperature : 399C

Zry- 4
® Circumferential strain
O Axial strain

Stressratio (Circumferential stress/ Axial stress)
Circumferential stress=17.5 kg/ mm?

Prospective result
for stainless steel

-

1

Time / hour

Fig.10  Result of multi axial stress creep test.
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9.80665 ! 220462 4 0.0980665 1 0.967841 735.559 14.2233
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