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All-position nickel-based inner wall and end face integrated additive surfacing technology

LIU Wancun, YUAN Liangwen, XTAO Peng,ZHAO Jia
( CFHI Dalian Nuclear Power and Petrochemical Equipment Co.,Ltd.,Dalian 116113, China)

Abstract:In view of the technical difficulties of all-position overlay welding of the inner wall and end face of a nuclear reactor
pressure vessel nozzle ,a TIG — automatic welding machine was developed for all-position welding,which has achieved flat welding,
horizontal welding and all-position welding in a variety of positions, reduced large welding tooling, optimized the manufacturing
process and improved manufacturing efficiency. At the same time, the all-position nickel-based inner wall + end face integrated
welding technology was developed , mainly including all-position inner wall overlay welding process, all-position end face overlay
welding process, etc. PT and UT tests and physical and chemical performance tests were carried out on the test pieces,and the
results were all qualified and met the technical requirements of the product. The whole set of all-position nickel-based inner
wall + end face integrated surfacing technology has been successfully applied in the integrated manufacturing process of the inner
wall and end face of the nozzle of a nuclear reactor,and has realized the purpose of single-station multi-process manufacturing.

Key words : nickel-based overlay ;all-position ; integrated ; physical and chemical properties
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Fig. 1 All-position — TIG automatic welding equipment
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Tab.1 Main technical parameters of all-position — TIG automatic welding equipment

TIH IR

TR/ mm

FHEIEI @Tﬁ;ﬁ?fﬁ/ TENAERE, IR/

mm

K IRZZHIE/ R

KL, AL ‘
! /A (mm e min™') HEE

(mm * min~") mm

SRR/ A 40

5 ~450 0.05 2 000

1~2000 50~2 000 24 100 ~5 000 4>{v &

1.2 X34

RIGHEL Ky SA - 508 - 1T, 4% @360 mm,
W2 260 mm, K FE L =220 mm, 4 2 fiw, &
WA Ao B N BE R L HEAR X, B Ry A Ui
AT B AR X 5

K M 2 S S ASME SFA - 5. 14
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Fig.2 Schematic diagram of cladding of test pieces
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Tab.2 Chemical composition of welded test pieces and welding wire %

TiH C Mn P S Si

Cr Mo Fe Al Ti Ni

SA-508-1 <0.25 0.5~1.0 <0.025 <0.025 <0.4

ERNiCrFe -7A <0.04 <1.0 <0.025 <0.025

<0.5 28.0~31.5 —

<0.25 0.45~0.6 — — —  0.4~1.0

7.0~11.0 <1.1 <1.0 4

1.3 Farids

FER BRI R SRR 2 W B A
MBS AR AR SRR, i T b R A s AE
AR S BB T &2 Jp AN [l i 5 R L sh P A
AR S OB AL 3 o U P BE Bl T T A
Birp b T AT E AR RS R TR

g REDESET= i E k) B I R WO = QiR S
BN, AR P SR SR S 14 T 250K PRI AR
. AH e R E T 2R EE4A
i (1) A E8rEREANN LTS8
w5 (2) B D7 AN R 3 K BB A R TS5
15 (3) R AR5 (4) SR Had R PSS A 1t



RUTTAT 45 - A B AR DA B L b T — (AP B B SRR B AR 23

K TEAR IIOG BE A5, — B LA b iy B 2 A 15
BRI 5 (5) J T e o R ek /)
PRI, RCZ, I R R R 5 (6) JE AR 4k
] PR AR SRR o T, i Sk T R
IO 3 RIS il J2 IR ; (7) fRIETS
LN AL T IR AL (RIA 2240 FIERT T S
YRIE AL R T7) e G AR A0 sl PO ) s 32 5
(8) FE i [T HESFLS AR -5 3 1 I A PR 5 A 30° /2
AL, R AAALE (AR NAN R fixdt) iR 9
PR

YR SRR A AN [7) 2 ) 5 o8 AR R i f 42
BT B E 2 2 R AR A SO R
I, O DRI 4 67 B AR e IS ()67 ) 0 A U
(FrEEviRE AR A ) R T — 20 BUE i
PRR T A 12 Sy X, e 3 BR .
3w (6w Bh 7 1) 5 3L 0, MR £1- 5k 30° 3 4>

H—AX, 6 12 X R AL D 0°, Yol oy
360°, PRI W AL B AR 48 AR 36, 1 R Ja o IX (5
12 73 [X) BEE WO 30, i E— R HELR
A% T2 S8k 3 Pos.

%
I g0 12%
.
>
“y
K3 12 5 KBoE
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Tab.3  Process parameters for all-position integrated cladding

X VR, RMERR, HITHE/ RZEE/ JREEH BRI E, st PR/
Eree A A \ (mm+min™')  (mm -+ min"") (L-min™") (%) mm
1 265 175 11.6 2 000/1 800 140 25 50 5
2 265 175 11.6 2 000/1 800 140 25 50 5
3 265 175 11.6 2 000/1 800 140 25 50 5
4 265 165 11.6 2 000/1 800 140 25 50 5
5 265 165 11.2 2 00071 800 140 25 50 5
6 265 165 11.2 2 000/1 800 140 25 50 5
7 265 175 11.2 2 000/1 800 140 25 50 5
8 265 175 11.3 2 000/1 800 140 25 50 5
9 265 175 11.3 2 000/1 800 140 25 50 5
10 265 175 11.3 2 000/1 800 140 25 50 5
11 270 170 11.3 2 000/1 800 140 25 50 5
12 265 175 11.3 2 000/1 800 140 25 50 5
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Fig.4 Macroscopic morphology of the inner wall cladding
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Fig.5 Macroscopic morphology of the end face cladding
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Fig. 6  Microstructure of inner wall cladding base metal , cladding layer and HAZ
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Fig.7 Microstructure of end wall cladding base metal,cladding layer and HAZ
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Tab.4 Results of impact performance tests on end

face cladding

Bl R el BT MUK
BE/C J&/mm Rem/J (%) mm
%Ekfn?ﬁ% 323 100 2.86
0
e A
R m 60 2.38
) A2
J‘DEIEJI:]?II]H %‘ 262 60 2.55
20
TN
aﬁfﬁnﬂ fé%‘ 115 28 2.04
RS HEBHEREPEERIREER
Tab.5 Results of impact performance tests on inner
wall cladding
Bl BRI el BTN UK (E
E/C E/mm BEE/) (%) mm
s
Elﬁﬁ?m“ﬁé 189 64 2.85
0
TN
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20
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Fig. 10 Hardness distribution of the end face and inner wall cladding layer,fusion line, HAZ and base metal
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Tab.6  Chemical composition of cladding metal %
% C i Mn P Cr Ni Co Cu N
Beff  0.038  0.10  0.90  0.005  0.002 29.70 >58.40 0.0l 0.0l  0.0075
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