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Abstract

The major flow-induced vibration mechanisms such as fluid-elastic and turbulence excitation can

cause the various types of wear of the steam generator tubes in unclear power plant. It is generally
accepted that the tube wear due to vibration is affected by the presence of gap clearance between tube
and support plate. Connors showed that the tube wear depth could be estimated by using the
relationship between wear volume and sliding distance for contact time. Au-Yang predicted the wear
depth by using the nonlinear characteristics of normal work rate to contact time. In this study the
effect of gap size on the steam generator tubes wear is analyzed by deriving the wear depth versus
normal work rate relationship from these previous results.
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Fig. 3 Tube wall thickness loss versus wear

volume.
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Fig. 5 Tube thickness loss vs. normal work

rate of anti-vibration bar.

Hi A % = 0.19304 mm, f, =33 Hz,
mo = 0.001285 N'sec’/mm, E=196.5 GPa, A|¥+2]
9 1y =9.525mm, WWHE 7, = 8.382 mm, Al
#eol FA t=1.0668 mmE AFE3ch AAHH
Al AR ol o] RS Ao A A H

Bzstel L= Ly

2, H 2

=4 1/2(

1090 .8 (mm)

sttt

(7)
71€710 = 0.0142 =



2004

A @EFE WA p <
hy < 0.0142 mmo] ™ 22)S

hy > 0oLy/2010 PFEAHLS 23)S o

0oL, /20| B =
Abg-FaL

&3}

Aabetd @k AA] Aol Ak =0.0142 mm v}
BEJS wf AL 2(1)S o] &3l ALkst
Ak AmdA A& AAge (s 747

0.1905, 0.381, 0.762 % 1.143 mm= 3}o] A
o] mpmzlolst nhwA AL okl Fig 6ol Uh

EF
e |
Gap aidaimim} .___.-"'::i
— — 1805 #
| 3w A ":ﬂ
——0.TEZ A
£ —— 1143 | L -___.--"_:'_.-""
E A e ._.___.-
A
E .-.___.-'-___.-"' -'.___.-"'
A -
E et -___.-':.-'"'___.r__.-""-
: P
E e , .-'.'-'.-'.:..-
A
100 .-i:_::-___;-:__._.-_'_-
e *Tuibse thickress = 1. 0658w
=
I __',.ﬁ“'ﬁ""“ L - 1 M 1 M 1
] o F 6 a0 10
Wipar depthi % )
Fig. 6 Worn volume versus wear depth.
olw) wimg Al ol h=hW wHEH
A B HEORYE wWA Aolm ¥
717} 508 mm&l A A o] ¥r} Fig. 194 &

S150] Fol7l Aol A ATAA
o A 07} FARSE Ane] A vhrzel o

J

Al F7hgT) ol9f WiE Folx mprLzlo]o] o
sto] Al Ml A A el FH(0)o] AT
nPRA A STkt S o ¢ Ak
&0 2 Au-Yang'o o237 E =Fox
gh Ao miRel AL ES Bride] #8353l
b el QAL 405 AH QY AT oo, AT

< Inconnel 600°]™, w2 A= EPRIVY| <3|
Aetd kel 11.02E—15Pa' 2 3T

T3 nge —35%2 ZAAsGUY. oA
n=—3.5% Yettisit & Pettigrew” "7} Zto}
ALEZTEH AR 59 vig) vlag 43t
n=—357F A Oo= F dX|sy] wjEo|t]
Hofmann 2 Schettler'®] A2 W] 283}
of YHALES Fatal o] dEZFH vRZloE

FE & Ak o REL AEF Ade A

[‘:E

'I__
=
T

306

o S AL AT AAUH] Yol wir
ol} MAAFo nx= JFS ZHzt - 5
g, 10, 159 2 209 ko] Fig. 7914 Fig.

107k2] e ATt
o] AWz YEE AT ATA] 111191 ol 7}

= [eXNeN
Eoie—l—l /\}]\ = T

?i o=
oA Al AlEAA e o] AW
o ST ol

o

flo X = o% 1o 12
ofo
i

o
| G aizaimim)
& | C= 0.33
Cm 185
= C= 088
£ G=1.52 -
] il C= 185 ¢
: C= 188 o’
; C= 2,31 o
5 4 - - ol
:
5 e
=z - Pt
a7
fﬂ" " Jpermabtion ime = 5 years
] e M 1 & 1 M 1 - 1 &
oo OF n4 - (1] K=
Wear dept. mum
Fig. 7 Wear depth vs. work rate according to
the various gap sizes at 5 vyears.
o
" Oparabion ime = 10 years
Qap size[mm)
z Cr 03
E Cm 0 EE
" CE e
E sl [
- C= 165
? G 154
B C= 23
E wr
=
=
g
n L 1

n4d an [+1:] L]

‘WWear dapth, mm

Fig. 8 Wear depth vs. work rate according to the
various gap sizes at 10 years.



2004

fiea]
" Oporaticn ime = 15 years
Ciap siznimim)
0 ) C= 0.33
- C= 085
= Ce 083
. sl =152
- C= 1,55
i C= 1.86
= L= 2.31
£ 4ok
§
- 4
a= i --_-'_-
-—'_'_-
O S " 1 " I " 1 2 "
[1Ea] (=) & alr [ ]:] id
Wlaar <dagth
Fig. 9 Wear depth vs. work rate according to
the various gap sizes at 15 years.
fiea]
“Dpmrafion e = 2 yeon
L siEnimmmg
2 owi L= 033
- Cm 0566
¥ Com 000
a sl C=1.32
o = 1 &5
5 Cs 188
E C= 231
= 40 -
=
:':h B -
o L '._'__.l- " L " 1 2 "
[1Ea] (=) & alr [ ]:] id

Wi dapih, fen

Fig. 10 Wear depth vs. work rate according to
the various gap sizes at 20 years.

A Eo] 10 mWHETE A& W Yoa 3¢ =7]
7F vy HALE nAE g FAE
T AT
4. &2 =

A} 2 Ade] o] 7Y 7] Aol vl
of WA= FTgS A7 &, vzl
HEAZE 59 AAS ol &3An

HNAAEHRS AAS =&8Yck o] 4
npEro 2 dlo] AM|¥e] wirel AJ7Ee]

| 9 ulRAZE A7 ©
theFst el =74

=il
=

307

At AldA A o 2

getsidnt. g FAe
AdE mprzlele] AAE o
Aol ez Wstks

(1) Au-Yang, M. K., 1998, “Flow-Induced Wear in

Tubes -
operational  Experience," Journal of Pressure
Vessel Technology, Vol. 120, pp. 138~143.

(2) Axisa, F., Antunes, J., and Villard, B., 1988,
"Overview of Numerical Methods for Predicting
Flow-Induced Vibration," ASME, Journal of
Pressure Vessels Technology, Vol. 110, pp.6~14.

(3) Connors. H. J., 1981, "Flow Induced Vibration

Steam  Generators prediction  versus

and Wear of Steam Generators Tubes," Nuclear
Technology, Vol. 55, pp. 311~331.

(4) Brennemann, B., and Gurdal, R. J., 1997, "A
of
Fluidelastic instability in Steam Generators Tubes
Bundles,"  4th Symposium
Flow-induced Vibration and Noise., Dallas., Tx
(5) Hofmann, P. J., and Schettler, T., 1989, PWR

Steam Generators

Time Domain Formulation and Solution

International on

Tubes Fretting and Fatigue,
NP-6341, Research Projects S174-2, pp.4-13.

(6) PWR Steam Generators Tubes Fretting and
Fatigue Wear, 1989, EPRI NP-6341.

(7) Yetisir, M., Mckerrow, E., and Pettigrew, M. J.,
1998, "Fretting Wear Damage of Heat Exchanger
Tube; A Proposed Damage Criterion Based on
Tube Vibration Response," Journal of Pressure
Vessel Technology, Vol. 120, pp.297~305.

(8) Yetisir, M., and Pettigrew, M. J., 1999, "A
Simple Approach to Estimate Heat Exchanger
Tube Fretting-Wear:  Application to U-bend
Tubes," PVP-Vol. 389, Flow Induced Vibration,
pp-273~282.

(9) Yetisir, M., and Pettigrew, M. J.,, 2001, "A
Simple Approach to Estimate Fretting-Wear

Damage in Heat Exchanger Tubes: Verification

and Validation," PVP-Vol. 420-1, Flow-Induced

Vibration, pp.27~33.



	Paper List
	제1발표장
	제2발표장
	제3발표장
	제4발표장
	제5발표장
	제6발표장
	제7발표장
	제8발표장
	제9발표장
	제10발표장
	제11발표장

	Author Index



