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L. Shape 304 Stainless Steel Laser Wire Filling Multi-Layer Multi-Pass Fillet Welding

Process Test and Weld Analysis
i Guixin, Zhu Jialei” , Liu Kaiyu, Li Songzhao, Zhao Zhibo, Zhao Youliang, Zhao Liang
(School o f Mechanical Engineering , Beijing Institute of Petrochemical Technology, Beijing 102617, China)

Abstract This study investigates the influence of different layers and welding passes on the macroscopic morphology, micro-
structure, mechanical properties, and corrosion resistance of multi-layer and multi-pass fillet welds in the context of repairing
cladding defects at the corners of spent fuel pools in nuclear power plants. The results show that two-layer two-pass and three-
layer five-pass welding can effectively increase the thickness of the fillet weld to 3. 6 mm and 5. 7 mm, respectively. Mean-
while, two-layer three-pass and three-layer six-pass welding can increase the size of the weld foot to 6 mm and 9 mm, respec-
tively, based on the increased thickness. In terms of microstructure, ferrite is distributed in the weld with varying morpholo-
gies: skeleton-shaped or worm-like ferrite is predominantly found in the weld center, while tree-like ferrite is mainly present on
the weld surface. Additionally., ribbon-like ferrite is observed at the junction of the bottom plate and the vertical plate. As the
welding sequence increases, coarse grains are refined, and fine tissues undergo secondary growth, resulting in differences in the
size and growth direction of the weld tissues. Regarding mechanical properties, the measured microhardness of the fillet welds
exceeds that of the base material. In terms of corrosion resistance, two-layer two-pass and three-layer {ive-pass welds exhibit
severe corrosion after pitting tests, with uniform corrosion and oxidation zones appearing on the surface. In contrast, two-layer
three-pass and three-layer six-pass welds demonstrate good corrosion resistance, with no obvious pitting pits. These findings
provide guidance for multi-layer and multi-pass fillet welding.

Key words 304 stainless steel; laser fillet welding; multi-layer multi-pass; organizational property

W s HH:2023-08-14; &M@ B HA:2023-09-18

E4WB . HAZARPFEESH SRS TS LFWE (U22B20127) . db 5 i 20 ZZ R 81 57 H (No. KM202010017003) .
JE R R R ST H (KZ202210017023) (A6 5T 8 i 5 22 4 & /K BB S 1 BA & i 32 R iF R 5 H (BPHR20220110)

EZE @ I AR (1998—) , J5 .t -E 5 AR o W98 07 1a) M BOG IR 255 . E-mail :379512516(@qq. com

CEGEEE RTS8 B AR . WIS I oK N R LEAE L BEOERG A i & A0 O Rl Y 0 T S 0 Je i AH S 12
A . E-mail.zhujialei(@ bipt. edu, cn



0 51§

TEAZ B vl K W IR A8 2 # v, = R K Gt 25 1 3
J il e SR B RA Y L N A% R A T KURS: L an SRR
MR B B &R E AR, B AT B
P46 5 AR A HL U L CO, SRR 3 1 L o 8 45
EFURLAE L PR Z R K it 8 R R, LR B R R
K 18 J ks i i Ak otk ek el B BB AL AR
) & B . Bt KT SR 0O A iy b 3 & RS L IO R B2
F2 AR B AT LA 4 Jm ARk R 3 1T v A% b R 4
It H B & DO % fik LG 2% B AR R RESL R AR
N 17N RS TR NG AR A5

Xt Z Rk K i BN 2 T 5 AR Ak B B 1T LU
FHEOt BB RS CE AR T RBE., T
O AR IE O TR AT LA BGE SR R AR P LAY
AL RS EE G L [F] B AN BRI A el T
KRSETE A0 50T B AR RN RS AR 1Y) o 42 1 FR L BEAIR T 4R
HEAb G R 3R S SR MR B 2T LUCR H JH 22
ol IEAY . A WE T R WL SRR SR Y R 4 R AR E
2 K s AR ALEBRES . H R FROE A R 8E 1Y
WFoE . FERE X T IR MR S MRS . 02
i A% LB B A A PR AR RS AE X D

st T F B B9 £ 05 4%, Cui 2505 B 9% 2F 38 38
73 mm JBH 6 mm B 304 NEENMAEE.LE 2 kW
{OR Gl BN N7 R = v s i R BN e 4 R N X
JE B B . RREERT X e B MR IO £ AR 4k
PLH AT 5T . R PRI A B BT Tk TE A0 L 16 9
Pt X5 42 33 ) ARG B0 38 T R A 386 K AR k. L7

T A RS T e/ . B A R KRS 5 EUE
2R TR RSy N R L NG W N CR2 T A =
S EUELE T2 ERE FEAIG , IR AR R R0 T
Al ULk G R 4% b 3R 10 IR B RIS SR AR I . X T IH 22 4
PRGE A B AES FEXF LT 6 AN IE AL 5 AN i &b
B A IR A A, E AT T R S5 . RS2 IE N H
Ry Ry R JE T A 6 4% % 32 3K R il R A
Ry 25°~32° i i fR AR A A R AZ A 5T N T
e IR i ok 46°, Tsibulskiy 289 BF5T T 1806 B 9K
A HE A 5 RS Al G TR] B TE X T IR ff S 4% AR
FEAE Sk B a9 52 . A IS A BETE 0. 1 mm B, f5 4%
SRS M BA ST BB 0.6 mm B, ] DL
=23 by Nl T R R TR A S P 2

ZEa % I8 Z AR P A A B R R R B H
K ARSCHESE T AR Z B0 R EGE B O IR 2 2 2
2B IR T2 R AN [R)J2 50 A HE AR 7 =% AR 48
S8 F2 T IE 50 IHOW L 21, 7 2 VR R LA ST T ok 4 e 1Y)
. ARG SR LENRERS —EHR T
=X
1 WM AR T IE
1.1 X34 H

IS R 304 B G AR 55 0, 3K 58 BT FH Aok
RSk 150 mm X 100 mm X4 mm(§& X %5 X =), 18
o K B I ) 3 ECE N A A — A LB
AR . M) FEA g 1 s, J4
24 % ] ER-308L S22 222 42K 1. 2 mm., A
FEAFE RN N 2 Fis,

&1 304 REREAFRNULFRS

Table 1 304 austenitic stainless steel chemical composition

Element C Si Mn P

S Cr N Ni Cu Fe

Mass fraction/ % 0.040 0 0.3300 1.1600

0.027 5

0.001 0 18.0300 0.0300 8.0100 0.1000 Bal.

Fx 2 ER-308LEZ=HAKS

Table 2 Chemical and microstructure composition of ER-308L welding wire

Element 65 Si Mn P

= Cr Mo Ni Cu Fe

Mass fraction/ % 0. 030 0. 450 1. 950 0.015

0. 008 19. 850 0.430 9. 780 0. G35 Bal.
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Fig.1 Schematic diagram of laser fillet welding with different overlay welding sequences

(a)Single-layer single pass; (b)two layers and two passes; (c¢)two layers three lanes;

(d) three layers and five lanes; (e)three layers and six lanes
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Table 3 Angle welding process parameters

Laser power/ Wire feed speed/ Welding speed/

W (ecm » min ') (mm=+s ') (L. -

Gas flow/

min ')

Feed angle/ Wire feed

Spot size/ Laser incidence

mm angle/ (") (") direction/ (")

3 500 210 6.5 30

5 45 25 150
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Table 4 Surface and cross-sectional morphology of fillet weld under different overlay welding sequences
Serial Cladding .
Weld surface morphology Weld cross-section morphology
number sequence
a single-layer single pass
b two layers and two passes
¢ two layers three lanes L« :‘-:ﬁfr‘-{
d three layers and five lanes
¢ three layers and six lanes
x5 AEHEEBEIFTRIEZEMEXRT
Table 5 Relevant dimensions of fillet welds under different surfacing sequences
Serial Cladding Vertical plate welding Base plate soldering Weld thickness
number sequence foot size/mm foot size/mm /mm
a single-layer single pass 4,037 3. 745 Ze 401
b two layers and two passes 4..585 4. 304 3.602
c two layers three lanes 6. 654 6. 224 4,042
d three layers and five lanes 7.393 T. 223 5.767
¢ three layers and six lanes 9. 543 9. 145 7.099
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] base plate soldering foot size
- L] vertical plate welding foot size
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Fig. 3 Microstructure of single-layer single-pass fillet weld

(a)Cross-sectional diagram; (a-1)the junction of the vertical plate; (a-2)the surface of fillet weld;

(a-3)the corner junction; (a-4)the center of fillet weld; (a-5)the bottom plate junction
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Fig. 4 Microstructure of the second fillet weld of the second layer
(b)Cross-sectional view; (b-1)secondary remelting zone at the junction of vertical plate; (b-2)weld center junction;

(b-3)secondary remelting zone at the bottom plate junction
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Fig. 5 Microstructure of the two-layer three-pass fillet weld
(¢)Cross-sectional view; (c-1)three times remelting zone of fillet weld;
(c-2)the secondary remelting zone on the weld surface
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Fig. 6 Microstructure of fillet weld

(d) Three layers and five passes; (e)three layers and six passes
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Fig. 10 Pitting corrosion of fillet weld under different overlay welding sequences

(a)Single-layer single pass; (b)two-layer two-pass; (c¢)two-layer three-pass;

(d) three-layer five-pass; (e)three-layer six-pass
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(a) Vertical plate; (b)bottom plate
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Fig. 12 Corrosion zone morphology

(a) Two layers of two samples; (b)three layers of five samples; (c¢)three layers of six samples
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Table 6 Sample immersion test results

Serial number a b ¢ d ¢
Cladding single-layer two layers and two layers three layers and three layers
sequence single pass two passes three lanes five lanes and six lanes
S/mm’ 455. 6 459. 3 480. 1 494. 6 019,68

W./g 2.684 2.921 3.702 4,504 5.029
W,/ g 2.638 2.814 3. 635 4. 360 4. 942
V/i(gem™® +h™") 1. 4023 32356 1. 9383 4. 0436 2.7521
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