W52k 1M @"2%\ Vol.52 No.11
2022 4E 11 H Electric Welding Machine Nov. 2022

DOI: 10.7512/j.issn.1001-2303.2022.11.12

BEHL) HREANBE T IE BOSS ShfiigE
TR RIS

e
TR TRARAR ZEZEEEHEARSRGEEZIELINE, R Wl 518170

W OE: AMAEAEBEL) LETEE 6 BOSS k4 RS LA, &3 T AR LR RIFLES G UT 6931215
A%, FRRF IHMEINE T LG A REF40E E £ BOSS kI 48 £ B % LB Kl B £ T 3EAT 3T R
&, i it BACH AL AT AR I A B ARIE R AR Bk e Te A T B R R T P A WIS A TR R
JRE, HRAW KRB F ETAT, TAEZE 2006 E 2N 2 ARIFHEENS, T AR ELY @i
FHIFIE R T LR IR P AN RGO R RFRBAR AN PREHB TR RGIFL, Hb ) FREE AL
UM AR T — AP AT R R RS T e R AR A 25k

K AR A RSN ; BOSS SkiF4E; ﬁé&éﬁm

FEDES: TG457 XHERARIRED: A XEHS: 1001-2303(2022)11-0082-07

In-service Repairing Technique Study on BOSS Welds of Thin-walled
Stainless Steel Pipes in Nuclear Power Plant
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Shenzhen 518172, China

Abstract: In order to repair the BOSS welds which can not be isolated even shutting down the operating nuclear power
plant, a overlay repair scheme with pre-existed defects not been removed was proposed, which was carried out using manual
GTAW procedure for BOSS welds on thin-walled stainless steel pipes with and without coolant and pressure inside. The
scheme, procedure and the quality of the repair welds was evaluated by mechanical properties tests, micro and macro exami-
nation, simulation and verified test of phased array ultrasonic examination. Results shows that the proposed repairing
scheme is feasible, which can be completed in the 20 hours limited time windows of the plant, the leaking risk of the coolant
can be avoid by controlling the welding fusion depth with the specific welding procedure developed, and the microstructure
and mechanical properties of the welds can be satisfied. Then a new selection could be in place for the in-service repairing of
the thin-walled pipe to guarantee the safety and the economy of the nuclear power plant.
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Fig. 1 Structural diagram of BOSS weld

®1 BEEMBULERS (RESH, %)

Table 1 Chemical composition of welding filler materials (wz. %)

e ¢ Mn Si S P
ER316L 0.010 1.69 0.43 0.011 0.020
E316L 0.021 1.51 0.62 0.008 0.021

Rk Cr Ni Mo Co  SHKEMEL
ER316L 18.41 12.18 2.60 0.10 7.40
E316L 19.08 12.35 2.76 0.03 7.58

R2 EEMBNFERE

Table 2 Mechanical properties of welding materials

Ees R/MPa R, /MPa  ZI% A%  KVICER)
ER316L 612 469 55 30 138,144,146
E316L 595 502 50 38 70,75,75
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ISR 1 BEAS KR4, TREAR I DL 15T 2.0

SR EE A3 A AN TRl 25 AT B S B 22 5
B DR HELTZ ALEURIT AR RE AL 20K, 70 A ook



84 FIgHK

2022 4F:

2 HIRIRE MR R
Fig.2 Welding sequence of surfacing weld bead
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Fig. 3 Schematic diagram for PAUT inspection of BOSS welds and

overlay
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Table 3 Main welding parameters of overlay

VA LI/ A JEEE E/ (mm - min™') X . S/ (KT -mm™)
R LA HLIA ~ 3 )L °C
HK Jok K Jek FHK JoK
HZ 81~95 70 ~ 80 56~ 65 53 ~55 50 ~55 <100 0.539 0.498
oA 2 85 ~ 100 85~ 100 60 ~ 66 55~ 60 55~ 60 <175 0.565 0.530
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Fig. 4 Weld penetration of the first layer of surfacing
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Table 4 Mechanical properties of welding deposition

TE bihoRE  EIREEE Eh =Rk
/MPa /MPa 1% Hes/)
Bt ek 520~670 2210 30 60
KA 604 420 36 78.,74,76
Tk A 591 408 35 70,77,75

MR

100 pm

(a)JE A M2

(b) 55— 2 REEH L
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Fig. 5 Metallographic structure of surfacing layer and base metal

under water free condition
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Fig. 6 Metallographic structure of surfacing layer and base metal

under water condition
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Fig. 7 Simulation diagram of PASS inspection for BOSS weld and overlay
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Table 5 Summary of typical inspection results for simulated defects of BOSS head prefabrication and overlay welds

o6 (N 4N B i R K R B R
X% G5 SR /mm Bt (DAC-dB) /mm /mm /mm /mm
1 YR AR A 5%2%0.2 0° +3 6.6 6 2.7 3.4
2 YA A 5%2%0.2 90° -8 32 4 1.4 3.1
T AR 4% 3 Y R A A 5%2x0.2 180° -9 6.3 4 1 33
4 YT A A 5%2x0.2 270° -7 25 4 2 33
5 <AL @2 0° -14 5.3 5 2 32
1 <AL 22 0° — — — — —
2 AL @3 90° — — — — —
3 AL @3 180° — — — — —
TR 4 e 4 0° -10.5 5 7 5
5 Je 4 90° -14 0.1 4 4
6 Jede 4 180° -11 3.7 5 35 45
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Fig. 8 Comparative analysis of distribution state of welding residual stress
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