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Observation of Tribologically Transformed Structures and Fretting
Wear Characteristics of Nuclear Fuel Cladding
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Abstract

In this research, fretting tests were conducted in air to investigate the wear characteristics of fuel
cladding materials with the fretting parameters such as normal load, slip amplitude, frequency and the
number of cycles. A high frequency fretting wear tester was designed for this experiment by KAERI.
After the experiments, the wear volume and the shape of wear contour were measured by the surface
roughness tester. Tribologically transformed structures(TTS) were analysed by means of optical and
scanning electron microscopes to identify the main wear mechanisms. The results of this study showed
that the wear volume were increased with increasing slip amplitude, and the shape of wear contour was
transformed V-type to W-type. Also, it was found that the critical slip amplitude was 168um. These
phenomena mean that wear mechanism transformed partial slip to gross slip to accelerate wear volume.
The wear depth increased with an increase of friction coefficient due to increase of normal load and
frequency. The fretting wear mechanisms were believed that, after adhesion and surface plastic
deformation occurred by relative sliding motion on the contact between two specimens, TTS creation
was induced by surface strain hardening and wear debris were detached from the contact surface which
were produced by the micro crack propagation and creation.
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Table 1 Chemical composition and mechanical
properties of Zirlo cladding

Chemical element Sn Fe | Nb (o) Zr

Composition(wt.%) | 1.0 | 0.1 [1.0 | 0.12 | bal.

UTS, MPa 808
Mechanical 0.2% offset,
properties(at YS, MPa 606
room teperature) Elongation( 18.0
%) 25.0mn

(b)

Fig. 1 Microstructures of cross sections of
as-received Zirlo cladding used in this
test : (a) microstructure in optical
microscopy,  (b)  microstructure  in

transmission electron microscopy
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Fig. 2 Photograph of high frequency fretting wear
tester with Zirlo cladding and autoclave for

test of high temperature and pressure
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Fig. 3 Schematic drawing of crossed cylinders

specimen

23 Zag olHAIE
AAg 5 AAAY R Ay
(dimple)oleh= &K 38 717
o &) A HF gz AAHAAYY. weA
L *‘53 o X Fig. 37 o] 7 AY HWE F
W ER Xt P HFo] J=F 3}
FE 4

Kl
e ot

)
[

o
[
jan)
N

2
>,
L

A Ztowj utd o

12} ZHAEFE 0Hz FE5 g QU what
= Fo= 10, 30, 50, 70HzS A5}
R, MY NEL A& A7zt B 9



2584 NAF - omF -

&t FIVel 9gh a4 %o 1m HEZ T
U HE FAY ol9 viny W9, Fug, v
ny HEIF F& 2AH0E JAZ oA
TFAGE JAsE e YA8%9 AsS A
BUEY & gt & 5 de go A
Fuzzt EAsA &) wEo] B AFoME
oo duAg S Tt YAE g AFH #
H 7tsd sfEEA ] MAsE 2HOEN EF
3 oy HE S 14, 315, 55.8, 86.8, 124.4,
168.2, 218.1ym= 7T9AZ HLa gt HEsFS
A 48 A5 FFAEol AAdsAEA A
A5% Zdd 9@ AR Axy e o}
gatl, & dApoMe A4 HAdgAM AL}
Pd 22 o] 18~33No|7] Wi o] g
NEog AEsE HYE 10, 30, 50, 100N 4
gAR, aga 42 FiE(eycle) 0.5x10°, 1x10°,
2x10°, 3x10°Alo] &2 MAsld AL A &HA

o

24 T8 ojHAM £H

vt A A% v We AdAre A BT
0.001m7}A ZAo] 7}53% HOMMEL-WERKE
T8000 jtﬂzEﬂE ol &3l =A39tt 1 2

Heo] ARE Fig 4 o Yeuligdeh AEe opd
ﬂlxﬂ.% 3t7] AelA e obE Wel AHe 7 3t
Aoz AEINA FHste Aol Fastnz 5
At A(step widthyS 10me 2 &ivh &8 npd
AHe AM2 FHHAv Ao s vl W WA E
2 sl zZlols A (1yPd) ALY

R
wide= [ R P

h
—
)

=—’—é@ (K24 34%) 1)

A7) at vhE we) WA, RE T WA, hi
vl @2ol 8 vEbdT,

2.5 TS ojHE RHE
Y vidE AE HS s n F3 \WYg d
33 FARAAFSEM)E o] &3ty upd
w3 by e R(tribologically  transformed
structure) & A EEAh wpAWE Tz AR old
d AlgHe] ol £ wg I3

g AW S - AEY

Holg Peak
Surface (um2} 519 kv
Volume (m3) 256 1732075
Max. depttvheight (pm} 743 3536018
Mean depthiheight (pm) 0483 2478416

@

TR R B R e ko

(b
Fig. 4 Topography of a worn surface by surface
roughness tester : (a) wear volume, (b) 3-D
profile worn surface and wear surface
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Fig. 5 Wear volume as a function of slip amplitude
of Zirlo cladding in fretting
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Fig. 6 Wear shape as a function of slip amplitude
of Zirlo cladding in fretting
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Fig. 7 Typical wear surface profiles with various
slip amplitude at normal load of 30N : (a)
86.8um, (b) 218.1m
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Fig. 8 Wear volume as a function of normal load
in fretting(frequency 30Hz, slip amplitude
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Fig. 10 Scanning electron micrographs of wear
scars as a function of slip amplitude in
fretting
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Fig. 11 Slip band in worn area surface by SEM
under the slip amplitude of 124um

Fig. 12 Scanning electron micrographs of wear
debris under slip amplitude of 31.5ym and
normal load of 30N
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