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Development of Impact-sliding wear model for Steam Generator Tubes
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ABSTRACT

The phenomenon of fretting wear due to the flow-induced vibration in steam generator (SG) tube is a significant
degradation mechanism in nuclear power plants. Fretting wear in SG tube is primarily attributed to the friction
and impact forces between the SG tube and the tube support structures, experienced during nuclear power plants
operation. While the Archard model has generally been used for the prediction of fretting wear in SG tube, it
is limited by its linear nature. In this study, we introduced an "Impact Shear Work-rate" (ISW) model, which takes
into account the combined effects of impact and sliding. The ISW model was evaluated using existing experimental
data on fretting wear in SG tube and was compared against the Archard model. The prediction results using the
ISW model were more accurate than those using the Archard model, particularly for impact forces.
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E impact energy
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H material hardness
h wear depth
K sliding wear coefficient
k impact wear coefficient
Ky, = dimensionless wear coefficient
L length of wear scar
m mass of tube
N impact cycle

Tk, 34, Rakista 7] A st
E-mail : bahn@pusan.ac.kr
TEL : (051)510-1033, FAX : (051)510-9164

*

g 1A S

= YRR S(F)

Il

Steam generator tube(571'&A7] L), Fretting wear(Z# & T}E), Archard model(¢}7H= 2H),

impact frequency
exponent of model
radius of tube
sliding distance
time

wear volume

impact velocity

rebound velocity
normal work-rate

shear work-rate

friction coefficient
angle of wear from tube surface
impact pressure

characteristic of pressure



62 Arjg - A -

LM E

QAT A L Z7]A 7] 2 E T(steam generator
tube)2] ZH B v} (fretting-wear) A AU AE
B AR FZ2E Abo]o] FAl53H B (flow-induced
vibration) 0. & & Utk o]HT viE YL
AR e F83 E47F T sho|thY A
d#o] 9+ 42 (burst pressure)S 53| Ul Zlo]
o 93] A H$Hh®) w3k vpre] e WY
ol oy AR WA fEs e 5
o] 57]u1/\g7] AARALS 934 D) el
dH9| g o E3ts vl oA mkR ZHolr}
83 IS ‘3]-U=L ntR Zlo] o & Ay 1A
FAEt T G S’l 1 H 30]":}

oJu

o ofN A %o

S7IAY7] Ao 3
e 33 H’S}"%,
(Work-rate) JH=Z =

w9t 9% mE0e
x-]sﬂz%_i _7}°}t X3
ue] vhe S s %Zd 3_7101] g S5
7 WEn 3 sl Sdek Aol itk
Aee) vt AATT A TEE AoloA

%4 (impact)d} V] 11¥(sliding)e] &4 Z-8o2 <l
3 gt wetbA HEHe] kR ZAs S35t
7] SliAE Py mpRe} 24 nRE 25 1y
T g e viR BEo) %35}‘:}. HINA ] AT
ANS AHEE R oSS 97 Tk mHlo]

obg A}, Frick®, Rablnowmz(g) = 54 ouAE

A
1S 54 vpE 2dS A o™, Engle!'
4 AEYES 18 rE 2ds Asih
=3 Guo'lh, Lewis'?, Zalzalah™d= w118 nfe &
a3 F4 ntx 298 A3ste] T4 vy nix
< At v Tt
=RolAE HEHe vfx S oS3 A%t

4 vy vie 29 AAStaAl gt Electric
Power Research Institute A8 R 1A AL vjr

Ag ARE nlgoz AAS nfr o] 24
S ZAESIAL Archard E2¥ vl 43T

I‘FI
o

2. Ol2 8% oflF

1 0}z 2y
AH oz F7WAY] AGBe ThEE o

N\
ol
=L

7] 918k A ()3} 22 Archard Z9o] AR&-HTh

ES
V= Ky O]

71 Ve w2, K R AE B E S
A a4, st vy Aoy, He AR A=
=3

Frick?el| o] Aleke &S 2] (2)9} o] ®F
3 4 93, Archard 2de] nE &S YEFH =

e 4 (3)3 2k

=+ [ Fas @

i/: KWWV 3)
71A Ve mEE, t= /\l olT, Wy 52 Y&
olth. 2 (3)oll oJ3hd PlEg-& 7 AEo] w3}
o, nlm AlSE o) %k" 7tk 713 5
Awk A 271987 LB vpn AFES 9

31 grom HAEAL JehATh Wl Archard
o] vhgh 7P A TR AT vf
2 @4e HE3 *;i‘%‘ stA] &8 4 glok
Guo"™, Lewis!"”= Archard 299 =3l 7148
Hesh7] 3 Archard 2% 4 2dS At
%74 ving 2de Ak o714 34 24
& Fricke®7} Al 54 oUA] RS A3

on 2dg 2] (4)o] YeERATh
V=FkNe" 4)

[o

¢

1 ;
where e = Emvf.

A71M k= 4
A oUA|, ne Efil AF, me FH AFo)al o,

%7 &0,

Engle'"& 54 HE5E S 123 34 298 A

Rbetom, 2 (5)¢F Zth

V=FkNo" (%)
A7 o= T4 Aotk

Guo'&E Al 54 nlng B2dE A =y
B R RS Bl 45T b lon, Ak 2y
2 24 (6)9 2k

.S
V=K——+kNAE, (6)



7147 Add

1 1

where AE= Emvf - Emvfp.
A71A K= VY v AlF, AR 4 oUA
SRl v, & FHRE EFxolt

Guo'"7} AAGE mello = FA el ojgh )
=4 Az w2t Aot ARt T4
735 AA ST SA8] o E&
UTE wEbA, B ATt A= Al EAe O A
7] 4% Engel'” 524 mdy} At &S AFS
Impact Shear Work-rate (ISW) =&-& A|AJSHA .
o] mule x® mpro] FAI nnye] YIS
AWE 4 9lon, ISW Bde 2 (7)3 2tk

. . . 0;

V= KWt kM ?)" (7

where Wb=%/F ds.

AN e A UE, 0,5 A B4 B4 FE
Ak shEolth Led Pt G viw AP e ol v}
B AAe PEe 4 SEun A sFe) 3
2 gol Wi Zloz gt tebd A =
QoA AT S13e B wIsl] 9l Aw
UES TP BF, 54 vhme] Jae v
3171 913) 54 We(o,)0] DA, ol i
b ARHEA AEWER] ZThsHe AL 0
¥ 4 U

22 012 Ao M2 ojm S| A

Z7187] DLW AATEE] P4 T 9
Aol webA] whe iyl ARH M, vhm 37} 2
teks ol @ el vhir} BsH=Aol mret v}

® Zolrl 2k, & ATHE Be vhws

Figure 12 3

HIZ 925, b :

Hety viR o] vim F3)9} vir Zlolo] A

= 4 (893} 2tk

_RL
2

where o =cos '(1—h/R).

AR Z71047) AQBOIH F2 BAEE vl
g ZA mhmel 1, 1 §AE Figure 29 2

V

(2a—sin2a) )]

u1g nr 24 63

Tube surface

B Z) ,

Fig. 1. Geometries of tubes with flat wear

8  Tube surface

h;%

Fig. 2. Geometries of tubes with tapered wear

o o714 0 vk Ziwoln, AAY vhE B4

npR Balel upr Zolo] fAlE 2 (9)!9e} Zrh
V=tanflaR*—d’/3— R*(R—h)sin '(a/R) (9)

where a= V2hR*—h2.

odh
Lo

i o

22 22 ASE AE ollo[g]

Alket 1ISW Zde] HHEAPE HES] 213l 280
T, 15 MPa &7lA4 <F 100A17ke] ZEE vl A
AL AP AAE AT PR A E 2L
Table 1'93} 231 $4 Fu49} vy Fa¢E
ZYZF 10Hz$} 11HzE 348 =74 =3 vy
A& zAste] Ago] Y= AT v A 2
Q7 Aol AHEE A FE Alloy 6003 Alloy 690
olt, XA T A|He] AFE SA 508 ©a7o] AHE
= Aok

ISW 2o} 7tol AMgH ek A& 2] (100

Ba) ANEUAT AT AEE 52 QE 0} A



64 Aoy - 487 - 293

Table 1 Wear test matrix for Alloy 600 and Alloy

690 steam generator tube specimens!'®

Normal Impact Sliding Test

No. Work-rate Force Distance Time
(mW) ™) (m) ()
A600-1 12.1 20 50 96
A600-2 45.8 50 190 96
A600-3 13.7 30 60 100
A600-4 36.5 50 100 100
A600-5 43.7 50 200 100
A600-6 20.9 40 100 100
A600-7 21.1 40 140 100
A690-1 17.1 50 80 100
A690-2 18.9 50 60 103
A690-3 52.8 50 200 103
A690-4 42.0 50 120 100
A690-5 23.8 30 200 100
A690-6 454 50 160 100
A690-7 48.9 50 180 100
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Table 2. Main parameters of wear models

Wear Material of specimens

Parameter

models Alloy 600 Alloy 690

Archard model Ky [Pa '] 2571071 239107

K [Pat] 458x107" 3.17x10"
ISW model  k [Pi!] 7.48x107%% 2.58x10° Y7
n 0.3 0.3

Table 3. RMSE of Archard model and the ISW
model for wear volume and wear depth

Material of Wear model
specimens  Archard model ISW model
Wear volume Alloy 600 0.055 0.053
[mm’] Alloy 690 0.069 0.049
Wear depth ~ Alloy 600 0.0033 0.0036
[mm] Alloy 690 0.0068 0.0049
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