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The Fretting Wear Characteristics of Zircaloy-4 Tube
' at High Temperature

Seung-Chul Baek, Tae-Hyung Kim, Seock-Sam Kim'

Graduate School of Mechanical Engineering, Kyungpook National University
"School of Mechanical Engineering, Kyungpook National University

Abstract -~ The fretting wear characteristics of Zircaloy-4 tube at room and high temperature were
investigated experimentally. In this study, the number of cycles, slip amplitude and temperature were
selected as main factors of fretting wear. The results of this research showed that the wear volume
increased with the increase of slip amplitudes and the number of cycles but decreased with
temperature and the coefficient of friction were observed different tendency between room and high
temperature. According to SEM(EDS) only gross slip were observed on the surface of both specimens
and compdcted oxide were on worn surfaces. XRD patterns showed that the crystallization of ZrO»
were observed on the worn surface at high temperature. The fretting wear were investigated due to

oxidation and accumulation of plastic flow.
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Table. 1 Reactor parameters of YGN3&4

REACTOR PARAMETERS YGN 3&4
Primary system pressure 15.6MP
Reactor inlet coolant temp. 266 C
Reactor outlet coolant temp. 327C

Table. 2 Chemical composition and
mechanical properties of Zircaloy—4

Chemical
Element

Sn  Fe Cr C O Zr

Composition

(Wt 125 021 011 0.0153 0.0134 balance
wt2o
Room 399°C
temperature
. UTS(MPa) 722 369
Mechanical 0.29%YS
P t' LL70 Y O —ey—
roperties (MPa) 525 268
Elongation 93 29

5.00(cm)%%
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Fig. 1 Schematic diagram of fretting
wear tester
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Fig. 2 Wear scar shape of a specimen
(Room temp., 70, 10N, 3x 10°cycles)
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Fig. 9 Compaction of debris in the wear
scar (70m 350TC 10N 5X 10°cycles)

in the

10 Plastic flow and cracks

Fig.
edge of the wear scar
(100gm 400T 10N 3% 10°cycles)

11 Propagation of cracks and
Detachment of compacted oxide

+ (130/m room 10N 3X 10°cycles)
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Fig. 12 Compacted Oxide layer over the
wear scar
(40gm 350C 10N 3% 10%ycles)

Fig. 13 Scratched surface by hard and
abrasive debris particles
(40m 400T 10N 3% 10°cycles)

gnas

1. PL. Ko, “Wear of Zirconium Alloys due
to Fretting and Periodic Impacting”,
Wear of Materials, pp.388-395, 1975.

2. Vingsbo, O., Massih, Ali R. and Nilsson,
S., “Evaluation of Fretting Damage of
Zircaloy Cladding Tubes”, Journal of
Tribology, Vol.118, pp.705-710, 1996.

3. Cho, K. H, Kim, T. H. and Kim, S. S,

94



“Fretting  Wear  Characteristics of
Zircaloy-4 Tube”, Wear, Vol. 219,
pp.3-7, 1998.

OECD, “Glossary of Terms and
Definitions in the Field of Friction,
Wear and Lubrication”, OECD pub.,
Paris, 1969.

. Waterhouse R. B., “Fretting Corrosion”,
p.36, Pergamon Press, 1975.

. Vincent. L., Berthier, Y., Dubourg, M.
C. and Godet, M. “Mechanics and
Materials in Fretting”, Wear, Vol. 153,
pp. 135-148, 1992.

Beard. J., “An Investigation into the
Mechanism of Fretting Fatigue”, Ph.D.
Thesis, Univ. of Salford, 1982.

. A. Iwabuchi., “Fretting Wear of Inconel
625 at High Temperature and in High
Vacuum”, Wear, Vol. 106, pp 163-175,
1985.

. RB. Waterhouse, “The Fretting Wear of
N{trogen—Bearing Austenitic  Stainless
Steel at Temperatures to 600TC”7,
Journal of Tribology, Vol. 108 pp.
359-362. 1986.

=M F AL, “Final Safety Analysis
Report (YGN 3,4)" Vol. 7.

95



