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Cause and prevention measures for Cracking of Surfacing Layer on Sealing
Surface of Main Steam Safety Valve Disc in Nuclear Power Units

TANG Heng, YIN Bangyao, WANG Qi, DENG Jiangyong

Guangxi Fangchenggang Nuclear Power Co., Ltd., Fangchenggang 538001, China

Abstract: During the overhaul of a certain nuclear power plant, the VVP116VV safety valve was disassembled and in-
spected, and it was found that there were more than 20 crack defects in the welding layer on the sealing surface of the valve
disc. Analyze the reasons for the cracking of the valve disc sealing surface surfacing layer through methods such as macro-
scopic examination, chemical composition analysis, metallographic examination, hardness testing, residual stress analysis,
scanning electron microscopy fracture analysis, and energy spectrum analysis. The results indicate that there is a problem of
high dilution rate in the surfacing layer of the valve disc sealing surface. Analysis suggests that it is related to improper con-
trol of the surfacing process (excessive welding heat input, improper heat treatment control). The main reason for the crack-
ing of the surfacing layer is the high residual stress in the surfacing layer caused by excessive welding heat input. Improper
control of interlayer temperature during the welding process and insufficient post weld heat treatment may be contributing
factors to the cracking of the surfacing layer. According to the result of cause analysis, the disposal suggestions are given to
provide reference for similar problems of other units.
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Fig. 1 Macro morphology and crack distribution diagram of
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Fig.3 Schematic diagram of valve sampling
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Fig. 4 Macro morphology of the cross-section after crack opening
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Table 1 Chemical composition of surfacing layer (wt. %)

BT C Cr Ni Mn
WS Z LK, 0.29 23.97 247 0.361
SR Z TCREIX I, 0.28 24.42 226 0.387
RCC-M8000(21 &4t
N 0.18~0.32  25.0~29.0 1.75~3.75 <1.0
SEHEARA R
HURE 8 Mo w Si Fe
HeIRZ LK S, 4.89 0.099 0.60 12.22

HESRZTCRBL X I, 4.86 0.102 0.76 10.89
RCC-M8000(21 Z4k
SEHERRBAL)
] R AR A Rk ) Ak 27 1 A BT 4 SR an 2R 2 B
7N, A TT R P R RCC-M 1122 %FEE#F A48AP B
Fx2 BRBUERSSTER(RESE, %)

Table 2 Chemical composition of valve disc (wt. %)

4.8~6.1 <0.5 <2.0 <3.0

A C Cr Ni Mn Mo
(55 0.175  0.189  0.148  0.909 0.0459
RCC-M 1122(A48AP) <022 <025 <030 0.8~15 <0.10
ke Cu Si P S
i 0.136 0.241 0.011 0.003 2
RCC-M 1122(A48AP)  <0.30 <035 <0.04 <0.035

1.3 ®EE

fifi ] SHBRV-187.5 i % £ 22 FH A i 11 %of HE AR
JEFRTADEATRE FEIIE, ph 28 3 AT UL, AR 2 3R 1 Al
{B7E RCC-MB000 S 5| FI#R#ENF M 64-100 X} 21
R B A AR 2 3R A P SR R FR BT, %4
SR v Xl I 2 8 X s, A R R A I B 2% )



66 F a3k

2024 4F:

S BRI P B 2 (L AN 3% 4 s AR Z SRR
B 38 B i TR — )2, PR 22 BB AR B DX Il 2 25
RS

#3 WERREEENRLER

Table 3 Hardness test results of surfacing layer surface

(A LA {E/HRC
TeRBL XK, 30.2,29.8,30.0
B P X, 29.1,29.6,30.5
RCC-M8000 (21 Z/h FEHEKLFT L) 28~35

x4 HERREEEEHEEENKE
Table 4 Hardness test value from surfacing layer surface to substrate

section

i E FIZ(HVL) H—JZ(HV1) FEAR(HVL)
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AR 326,330,318 285,263,268,257 188,176,183
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Fig.5 Metallographic microstructure of different areas in the longitu-

dinal section of valve sealing surface
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Fig. 6 Microstructure and Micromorphology of Cracks in the Cross

3

and Longitudinal Sections of Valve Sealing Surface
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Fig. 7 SEM morphology of artificially opened fracture surface of crack 4
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Fig.8 SEM morphology of artificially opened fracture surface of
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Fig. 9 Energy spectrum scanning analysis results
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Fig. 10 Energy spectrum analysis results of the second layer of
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Fig. 12 Energy spectrum analysis results of valve disc matrix
A RIRASE G RIS RS Il AL
BREE  HIBTHERR T R SR R O G . B L,
AR DL 1 e 1 ) e 26 2 4 PR 0 7 2 PR L TR B M



55 49 AR, S LA AR A R R B AR TR IR A KB 69

XEAYIE, Y a A
E13 REHEEERREN NSRS
Fig. 13 Schematic diagram of stress measurement points on the

surface of valve disc surfacing layer
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Table 5 Results of residual stress on the surface of 2VVP116VYV valve

disc surfacing layer
fii V1] 71/MPa
ORI 188.33,204.27,147.27
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5T IO IR AL R DL MR S S SR P AR T
fiE, SR IEATT o
S 7 2o TR R A R B 2 s N R M
PRI RIS B A2 oy, Wi BB, B
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