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Effects of Impact on the Fretting Wear Behavior of Steam Generator Tubes

MEI Jin-na, HAN Yao-lei, WANG Peng, CAl Zhen

(Suzhou Nuclear Power Research Institute, Jiangsu Suzhou 215004, China)

ABSTRACT: The work aims to study the effects of impact on the fretting wear behavior of steam generator (SG) tubes in the
nuclear power plants. Comparative tests of impact-sliding and pure sliding fretting wear were performed in the high temperature
and high pressure steam to investigate the effects of impact on the fretting ear behavior of 690TT alloy SG tubes. By analyzing
the difference of the microscopic damage structures and comparing the test results of low wear work and high wear work, the
role of impact on fretting wear was clarified, and the impact-sliding fretting wear mechanism of the tubes was obtained. In high
temperature and high pressure steam, compared with the pure sliding fretting wear, the impact-sliding fretting wear showed
dominate characteristics of delamination without obvious furrow wear, indicating a delamination wear mechanism. The higher

the wear work, the more the fallen-off wear debris layer and the matrix cracking caused by the impact, and the more serious the
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impact-sliding fretting wear. Impact changes the fretting wear behavior of SG tubes significantly. Accordingly, the different

wear conditions of pure sliding and impact-sliding should be fully considered during the service assessment of SG tubes.

KEY WORDS: steam generator; fretting wear; impact-sliding; high temperature steam

R (SG) JEHE/KHE (PWR) B
EERFZ—, G — B E R b i ot 8 25 — 18]
BREGIK , PR ZE IR AR S e sl e B
JE— . T A RS, 8 T — R ik
F, ARETE L Y 80%, S0k BUBUH P 5 it
R, PEEA G R R FIL, SIE R
SERE EL R B R R B T 4

LA IR A S A i T i K, 30 SG (LI
SKH 600 RAVERIL G 4, H R BRHOE XN B 1 8 1k
FFUST 1 1989 AR T i Ay iR 17 7 bk E R A )
690TT #HIEA 4, 30 REMBITLREN, 690TT
1A o BB R BOE XN A 5B 4% . S
Wz R sh B 7, RE SR A . LR
[EFEAEROR G B BR, AERBARSIVER T, B
AL A S R AR IMIRIR I RS, B kA vhih-
TR s, P RE 10

fsh BT LA e B . dinped . o R
B3 MR, T A R s A XA S T R
P 1M A 38 - T 5 B Hh A A 3 R 2 1) ol 8 S 48
10 Xin ZEUPWESE TRk R AR 1A T %t 690TT/
304SS BT MR, Z5REH, KR J1 )
b1 AATITR AR S A e 8 T [ B N G T = R ]
MR, TSN EEIAL ARG B B . RIS . AR}
A | BERE A AL N2 BB L R VE . TR AT
T 690TT & 4 Ot sh BE S 2 2 U, 45 SR 260, 690TT
BN R (TTS) &M AL S5 1) sh 5 145
T B, 2 A A S R fh AR A A5 A e
MK, TTS JZH AR 9K G LRI T & A e
W, ST NELY Cro, LS. fiTiEs T
WFXT 690TT A & sh B BT M sEm, Z5535M,
BEAST R B3E TN, BE LR | IR LU S KRR
BHTHEIN, AR R A R, B R AN
REME N IR PEAS T DL S i B, et TTS ZRTE
B, T ELINEE T A HERR o Guo ZEMIBFSE T B IR
(B FNAL 1] 1 %F 690TT/405SS T sh BE AT J (K54, 45
R, B AL IR R AR 18] 1 A B, B AR

=1

TR, HEE R R BN S PR R, ARG
FRAMIL T Fi S P 53 % 4 2 8 A 38 J2 B 0 6t o
iR A TREN R, Ko ZEU5 1005} 600 S EE 4 4
1403 RNEFERAEIGE ST T RS, & PRALWT Bl K
Falinp B, ohE BB E A MBS R T A
gt ppd BB AR . MATE A, RELERE, 1B
B R B, e R AT AN, i X
AR R AR /N, ol AT AR, A 25 R ™
HAYEE . R EEVTIRGT T 690TT A 4 32 i iE
whli BE R R R, 25 R, TR AT,
690TT 4 4B (B AL 32 52 AL NS, 2mr i
K, AL 5% A A A B R 57 B 8 . e /K IR
T, BE ARG, ARSI R 97 5, K
T V1 A R S K T AR I e ], Park ZE)
WFFEA 2 T i e K IREE R 690TT 4 4% w1
8 & MBS AL AR R 9% [ Be—
WhE bk [y Be— g AR B Be— ik R 2 B B, A
) v UL T 1 B b 2 S R 2 B o A R A A T
B 58 [ B — e S B DGV A [ 0 (R
PR SDURZ B 3 1 H0R 2 T KBRS v A% B bl W R &R
B R BT AR /b, R A AL —
A

AR S SG 690TT &3, EREIIAZ fL o
o Tk fe R 7K PR o O i i B8 G sl S i 5 4k
R ESURE, T ohd - R R, SRITTHEH
P i (SEM ), B4 T W ilsE (TEM ) &xf
OB 05 2 R EE R AT AT, X H /A 348 7R 690TT
R ARG 1) vh il B 2 A s B B A FATL L

1 X

1 #

IR 690TT (3, HEWAFFINER
FRS Al A=, o IR EE Ry 355 MPa, L {H8 E h
767 MPa, WiHEEREE K 176HVO0.5, LM W 1,
ST AR R X6Cr13 B BT IR 45

1.1

690TT FEREBEUZM S (RESE)

Tab.1 Chemical composition of 690TT SG tube (mass fraction)

%

C Si Mn S P Ni Cr Fe

Cu

Co Ti Al B Nb N Mo

0.021 0.069 0.069 0.001 0.002 Bal.

294 941 <0.002 <0.002 0.200 0.140 <0.0005 <0.002 0.008 0.006
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Fig.3 Microstructure of 690TT SG tube
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Fig.4 SEM analysis and EDX energy spectrum analysis of the surface morphology of the SG tube in a 280 °C high temperature

steam environment with a compression force of 100 N: a) low-magnified morphology; b) high-magnified morphology in delami-
nation area; c) high-magnified morphology in furrow area; d) element distribution in morphology a
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Fig.5 Cross-sectional TEM morphologyof the SG tube in a 280 C high temperature steam environment with a compression force
of 100 N and EDX energy spectrum element composition surface distribution, element composition line distribution: a) cross-
sectional morphology and diffraction pattern; b) composition surface scanning analysis; ¢) composition line scanning analysis, d)
high-magnified morphology in area I; e) high-magnified morphology in area III; f) high-magnified morphology in area IV
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Fig.6 SEM morphology of SG tube under low and high wear work in a 280 ‘C steam environment: a) low-magnified morphology
under low wear work; b) low-magnified morphology under high wear work; c¢) low-magnified morphology under high wear
work; d) high-magnified morphology under high wear work
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Fig.7 Cross-sectional TEM morphology of the SG tube under low wear work in a 280 C high temperature steam environment
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Fig.8 Cross-sectional STEM morphology of the SG tube under low wear work in a 280 ‘C high temperature steam environment
and EDX surface composition distribution and line composition distribution: a) STEM morphology; b) surface composition dis-

tribution; ¢) line composition distribution
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Fig.9 Cross-sectional TEM morphology of SG tube under high wear work in a 280 ‘C high temperature steam environment
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Fig.10 Cross-sectional STEM morphology of the SG tube under high wear work in a 280 ‘C high temperature steam environment
and EDX surface composition distribution and line composition distribution: a) cross-sectional morphology; b) line scanning
composition distribution; c¢) surface scanning composition distribution
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