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1. INTRODUCTION

As part of the qualification of the CANFLEX-NU 43-element fuel bundle design for use
in CANDU 6 reactors, a 3000-hour Fretting and Vibration Endurance test, with two intervals
at 500 and 1500 hours, is being performed under representative in-reactor flow, temperature
and pressure conditions. This test is being done to verify that the pressure tube fretting and
vibration characteristics of the CANFLEX fuel bundle are acceptably low under such
conditions.

The initial 500 hours test run was completed in March 1997, and this interim report has
been prepared to discuss the observations after this 500-hour test. No visible fretting could
be seen on the three inlet bundles, and pressure tube castings showed only a few very small
witness marks. Meanwhile, the fretting test is being continued, and it will be stopped for a
second time after a total of 1500 hours for further examinations and measurements.

2. TEST OBJECTIVES

The objective of the test is to investigate the fretting and vibration characteristics of the
CANFLEX fuel bundle under representative in-reactor conditions, and to verify that the
fretting/wear of the fuel and/or the pressure tube meets the acceptance criteria.

The acceptance criteria at the completion of the 3000-hour test are as follows [1]:

a) The fretting of the inter-element spacers must be sufficiently low that no fuel
sheath damage will occur. The combined height of each pair of spacers shall not
be reduced by more than 50% of the original combined height of that pair of
spacers.

b) The design allowance for pressure tube wear and fretting is 0.07 mm. All fret
marks on the pressure tube must be less than this amount.

3. DESCRIPTION OF TEST

3.1 Test Rig

The endurance test was performed in the CANDU Hot Test Loop facility of the KAERI
in Taejon, Korea, which consists of the main loop, feed and bleed, make-up water and
chemical systems. The fuel channel, liner tubes and the shield plugs are equivalent to the
CANDU 6 design [2]. The method of supporting the end fittings, the sizing arrangement of
the feeder pipes, and garter spring supports are similar to a reactor installation. The feeder
geometry represents a worst-case feeder i.e., Channel L-5 with elbows located close to the
inlet end fitting, giving poor coolant velocity distributions at the inlet to the liner annulus.
This channel geometry was chosen based on experience with flow visualization rig tests at
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AECL's Sheridan Park Laboratory. During the endurance test, the mechanical vibration
characteristics of the pressure tube and the fuel elements were measured by accelerometers
and magnetic sensors. Two data acquisition systems were used to collect the basic
parameters (pressure, temperature, and flow), and to monitor/analyze the mechanical vibration
from the accelerometers and velocity probes. To inspect the pressure tube, the video-scope
system and the casting tool were used.

3.2 Test Bundles and Bundle Alignments

Twelve new CANFLEX-NU 43-element test bundles fabricated by KAERI were used for
the test. The test bundles were made in accordance with the CANFLEX-NU Fuel Bundle
Technical Specification [3]. Among the bundles, bundles #1 (at inlet end), #2 and #6 contained
magnet sensors in selected pellets in the fuel elements, for measuring the vibration
characteristics. The locations of the sensors are shown in Table 1.

All the test bundles were loaded on typical shim stock, to avoid sliding damage to the
bearing pads and pressure tube. The bundles were rotated to pre-determined alignment angles
which were taken from the results of the bundle rotational tests to produce the maximum
string pressure drop [4]. This angle was chosen to provide the worst turbulence at the bundle
junctions, and hence the worst fretting condition.

3.3 Test Conditions

The test conditions specified in the fretting endurance test specification [1] were:

Inlet Temperature = 266 degrees °C

Pressure = 10.2 MPa nominal
Mass Flow = 31 kg/s
Test Duration = 3000 hours

3.4 Test Procedure

The test details was as per Section 6 of test procedure for CANFLEX Fuel Bundle
Endurance Test [5].
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4. RESULTS AND OBSERVATIONS

The endurance test was started on February 26, 1997, and ran continuously for almost 21
days at a flow rate of 30.6 kg/s, an inlet temperature of 260 °C and an inlet pressure of 11
MPa. After this period, upon opening of the fuel channel, bundle #1 (inlet bundle) was found
to have rotated approximately 5 degrees CCW from its initial position; bundle #2 (next to
bundle #1) and bundle #3 did not move.

Bundles at locations #1, #2, and #3 were visually inspected by AECL and KAERI staff
after the 500-hour test; no fretting mark was observed on the bearing pads; Figures 1, 2, and
3 show the bearing pad wear maps of these bundles. The triangular marks on the wear maps
represent insignificant sliding wear. No fretting marks or evidence of fretting could be seen
on any bearing pads on these three inlet bundles. Visual inspection of the spacers on the
outer elements also showed no apparent wear.

The channel was visually inspected by bore-scope at the bundle locations #1, #2, and #3
between 3 to 9 o'clock position, and a video photographs were taken. Castings of the fuel
channel were also taken at all bearing pad planes of the bundle #1 and upstream bearing
pad area of the bundle #2; only a few witness marks were found. These were seen to be
much smaller than the full width of a bearing pad(see Figure 4) and hence it is estimated
that these marks have an insignificant depth.

The vibration of the fuel bundles #1, #2, and #6 were measured with the magnet sensors.
The preliminary analysis of the vibration showed that the RMS displacements of fuel
elements on bundle #1 at the upstream end, downstream end and the mid-plane were less
than 6 micro meters. Vibrations of the end fitting were measured in both horizontal and
vertical directions, and a acceleration peak was observed at the frequency of 21 Hz.

Visual examination of the bundles #1, #2 and #3 showed no apparent change in overall
bundle shape. The detailed dimensions of the these bundles are being measured. The results
of the measurements, when available, will be compared with those of pre-test measurements.
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Table 1 Locations of Magnet in Test Bundles

Bundle No.

Bundle #1

Bundle #2

Bundle #6

Rod No.

Rod #2

Rod #5

Rod #8

Rod #16

Rod #4

Rod #7

Rod #10

Rod #18

Hod #1

Hod #12

Pellet No.

Pellet #2, #19, #34

Pellet #2, #19, #34

Pellet #2, #19, #34

Pellet #2, #19, #34

Pellet #19, #34

Pellet #19, #34

Pellet #19, #34

Pellet #19, #34

Pellet #2, #19, #34

Pellet #2, #19, #34
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Figure 1 Bearing Pad Wear Map(Bundle #1)



KAERI/TR-CX501 Rev. 0
CANFLEX-108
Page 7 of 9

Bundle Position
Test Conditions
Test Run t :
Inspected By :

Nurter :
: Hi *c

i. k.

42,

Ck^

Bundle # : K'F 4(,°Z
», 6 tea/*

Flow Direction : —>
Inspection Date : /f^/jf, / t / ^ / •xu.

Rod * Marked End

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

1'

^

FI—

r>

l>

g:—

i>

l 2 : —

\>

F

|:>

b

K

I t —

l ^

]•>

b

i

^

^

- d

^

'1
p-|

1

-«r|

£j

1

1

-^|

1

- r |

a

Hid Plane

21

ID

3

Plain End

li.

EI

EZ

p»ff«

O b s e r v a t i o n / C o a e n t s C t ' = f r e t t i n g / ' s ' = s c r a t c h / ' p ' = p i t t i n g ) :

Figure 2 Bearing Pad Wear Map(Bundle #2)
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Bundle Position Number : # 3
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Test Run # : Ci.Bof-(
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Figure 3 Bearing Pad Wear Map (Bundle #3)
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(a) Witness Marks at Marked End
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(b) Witness Mark at Mid-plane

Fig. 4 Pressure Tube Witness Marks at Bundle #1 Position

Note : This photographs are maginified. The witness marks are smaller in size
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