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Companson and Analysis of Zircaloy-4 Tube Wear in Air and Water
Environment

Hyung-Kyu Kim’, Soon-Jong Park™, Heung-Seok Kang", Kyung-Ho Yoon', Kee-Nam Song’

" Korea Atomic Energy Research Institute
" Graduate School, Dept. Mechanical Engineering, Chungnam National University

ABSTRACT - The wear characteristic of Zircaloy-4 tube, which is used for a cladding of light water
reactor fuel rod, is investigated experimentally. The experiment is conducted with contacting the crossed
tube specimens in air as well as in water at room temperature with various combination of contact normal
force and sliding distance of reciprocating motion. The contour and the volume of each wear are
examined to study the effect of contact condition and environment on wear. As a result, it is found that the
wear volume in the water environment is larger than that in the air for all the contact (i.e., force and
sliding distance) conditions. However, the wear depth is greater in air than in water if the contact normal
force and the sliding distance are larger. These are explained by the ease of detachment of wear particles
from the contact surface. On the other hand, workrate model is applied with the contact shear force range
measured by our wear tester. Investigated is the correlation between the workrate and the wear volume
increase rate of the present experiment. The parabolic curve is found to fit well for the present wear data.

Key Words: Zircaloy-4 tube wear, Air and water environment, Workrate model
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Fig. 1. Alignment of the tube specimen.

Table 1. Mechanical and chemical properties of Zircaloy-4 tube.

Mechanical properties (at room temperature)

Yield strength .
Tensile strength Elongation in 2” | Elastic Modulus Poisson’s Ratio
(0.2% offset) '
470 MPa 315 MPa 31% 136.6 GPa 0.294
Chemical composition (wt. %)
Sn Fe Cr o C Si Zr
1.28 0.22 0.12 0.114 0.013 0.010 remained
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Fig. 2. Schematic diagram of Wear Tester.

Fig. 20| = /Jb’—]o“ A]"g‘if} u].n:’t /\“Gé =}
9o MTFEE B 2} o] FA= A
=& T 5 Ae ME ZEHY Jtiﬂ
5, 33 717 R AYHE olgstx
H Ad tﬂ"Ol A]jﬂ Abol o] Abej Y

AL TP
A
55 5A =

ASAT £ FF4Y ge
N E de
Qoo Fug
w9 Bee 5
ol 49

Ak e

o mx lo dEJ}'})ﬂ

o2 M
% S oft

=

=

i)

E
%—(mﬂﬂ

we oy

e

o

ot
og ff

30
&

P
T
=3

Mo
e
:_j
tle
o
BN
ek

22 A9 Py

2 Q7oA Tegold 4ge deo
F7) 3 FFNA FRsHAT. FuA
Aolo) Flng wel WAHES T o
15, 30, 50, 80, 100, 150 & 200 um & 2}Z}9]

R 9foll disf 10, 30 2 50 N9 2ol 2

£35t= 7ol EHoH f"tﬂa}oh:} A5} Wbk
0% AFsE HRAH wE Fiase=

30 Hz 2 3llew wkE 314 100,000 3|7}

T&%&ﬂ?&&“ﬁ dol F ol

=
ol ofsl sS4 Hlele g S

2]

@ vlee) AR slal FuAde oy
2 Zolg EW AA7 RS ol 45
o ZRsoith B ALY HRFEA
&8t opERe) 349 dolHzRE )

2 nlE R AL T2 aA[MA4]E o] &5l
oly RuZ AAEG
3. 8% ¢ ug@

31 vld R g4 £ H3A

npE g g dig dvj3 B2 2L Fig
30 5oz BAFH gon, Fr 3
9] ME:o) QM E Yoz Yl A
S ¢ F Ak BEW AR SRR
AE olERo AA F 10, 30, 50 N/ 50, 200

=3

um OIW 371 T R TFAAY A2HE Fig
49 ERHoz Jel WY Fig 404 B
F Ae A gol viER HHL Yol
wegoz oS- aﬁi‘ﬁw E‘?‘;Oﬂ/ﬂi’l &
do] 4ol stdetk, viE RyE AL
g o njERE 933 EEt BP?%QE 7}
A A B2 exE Y 5w ¢
o B AFdME 7] AdE AL Tz

H49 TRz

Rt

BIE ol Bsfo] shEy
o318 A48 &

B dgste

Fig. 3. Typical wear shape on the tube specimen.
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Table. 2 Wear depth and volume.

100 pm ol¥o] HA F7] FoA © 2
1

10N 30N 50N
P Depth Volume Depth Volume Depth Volume
5 Air/Water Air/Water Air/Water Air/Water Air/Water Air/Water
(Ratio) (Ratio) (Ratio) (Ratio) (Ratio) (Ratio)
s 94/217 | 87.77/126255 | 48/95 7.75166.28 167 - /3501
TH 043 (0.07) (0.50) (0.12) (-) (-)
o | 11207195 219577139411 | 17.5/214 | 376.72/131824 80/- 5436/ -
H (0.57) (0.16) (0.82) (0.29) () (-
soum | 1807193 | 97530/2420.19 | 29.3/49.0 | 168121/15053.73 | 23.6/815 | $46.26/24145.03
TH (0.94) (0.40) (0.60) ©.11) (0.29) (0.02)
soum | 2927333 | 2589.03/781325 | 321/ 477082/ - Not Not
H (0.88) (0.33) (-) (-) conducted conducted
100 um | 2747380 | 6182387148285 | 64.0/543 | 9428.12/2574380 | 79.5/56.1 | 9774.83/8263.74
. 0.72) (0.43) (1.18) (0.37) (1.42) (1.18)
52.8/62.5
150 um | (0.8ay | 38541/ 1849262 | 107.8/76.6 | 18432.87/27224.90 | 44.4/89.2 | 17287.42/42236.93
H ' (0.51) (1.41y (0.68) (0.50) (0.41)
200w | 7307728 [16489.30/25404.46 152.4196.3 | 44473.48 /4843126 [134.1 /106.1 | 53327.15/ 52398.52
H (1.0) (0.65) (1.58) (0.92) (1.26) (1.02)
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present experimental data.
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