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Abstract

For the reasons that bad weld shapes were easy to form during high-power deep-penetration laser
welding, and the “nail-head” weld shape could generated easily, this paper carried out the expe-
riments to study the effects of weld speed, defocused distance and jet orifice diameter of shielding
gas on the weld seam geometry. The effects of surface-active sulfur powder on weld formation
were studied. It was found that when the welding speed increased or the defocused distance
changed from negative to positive, the depth-to-width ratio and the angle 6 increased first and
then decreased. When the welding speed was 25 mm/s and the defocused distance was -3 mm, the
depth-to-width ratio and the angle 6 were the biggest and the “nail-head” characteristic of weld
shape was most non-obvious. During laser welding with argon shielding gas which was set prepo-
sition and with 45 degree angle, the relative big jet orifice diameter should be chosen, then the
relative big depth-to-width ratio and angle 8 could be obtained and the “nail-head” weld shape
could be better controlled. The addition of surface-active sulfur powder during laser welding
could control the molten pool behavior, reduce the weld width and increase the weld depth, and
then the “nail-head” weld shape could be suppressed. Therefore, optimizing welding parameters
and adding active powder were two valid means to control “nail-head” weld shape, which could be
used during actual production.
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1. 5]

AR EA R REREERE, B Z A THIE . B S0, BRIt . 51445
PREEALE, BOCRIBIE R R EECRR T LR SRR, BGEm XN H— BRI 7e b R
s[1] [2]. JFHEEE DI EOLHR R ERDCAHOC I PR AR, WOLIREAE AT ML AT BRI 2 13
Fo W TAE m R i 3 A2 (10°~10° Wiem?) B A IRUHE I T, WOBIR BB ANIL AL T AR /ML,
AT BN BIE RANHO G RE RIS LR, SR T IRIE /N FL A A7 AE S0 Z5 05 5l B AN 1] A58 5 14 <2 s 28 [3]
[4], fEfHREIEILATE, RENLESYIE, PR Wk SRl SRR SRR

FFH, RO IR, W T W 0 AR SO IR AR T RO . LU R Marangoni XFALATS
Mt s 3 58 R 3R R 9 T AN BB [ LA 3 B0 g S A VB, (8 A5 0 1 SR T AR A B8 BE R T AT, AR Ak
I RALT BT 73k 7 MREERIETER[5].  “4T 7Kk MREELE N AL — A BA BRI AR ) 1
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ALk, BRARCL EANDLUR FOARSE T AR, R IR E 5 FE b R AR B B A R IR A
71, GAEIREARM = AR, HAERSE MBS R 5 th I 57 R S5 A RBLR[1] [6].

PUA SCHERT “HT 73k IR M R R R ) 7 VR AT 7 A R OB 9T . BF 9 3R B R T Ak A7 51 2
Marangoni i L2 DR A J vt o s i DXL i) T ARG X ) 32 B2 SR IR 22—, AT B0 | 3R 1 A8 e[ 7]
[8]. MLZEILIFRNFIRIUEST, AHIC IR I AN 37 T OGRS R PRI =i, 31
THE T 1RSSO RFE, 15 H{H Marangoni it SR A At i oo 1) A IR BT R E T BT 73k 7 JRE% 1 A%
RU[9] [10] [11]. A SCHRBI L3R B OGRS ALAMNE B R “4T 73k BURERITESA —E R
[12]. JEE MR PR SINHIFLANE S TR, 5T 73k 7 JRAERHIETS 201G A= HI[3]; A STk A 4
Mo I 7R ) 4 SR I i 3, [RIREREAE A “ 4T K JREEIITE (6] -

B, LEMIRIER RGO SR T ESH0 “4T 73k BB, Bk, A& RH
EIHFC L BRGNS 304 B AR AAFAN AT IR IR0, WF T0IE 1 T & BRSO G IR I A5 1 18 4% RO 1 i
I S IS P BRSBTS A MR B S g, PRI TR T AT TSk JRAE A HOR .

2. KR ESH*

IR &K YLR-4000-C-WA JE4F-0s e, moRM D&y 4 kW, AUy ZBHES S, K
KN 1.07 pm. FOEHUEILSEN 300 um P, RSk E SRy 150 mm, BREREE R
200 mm, FASLPFLEEN 0.4 mm. R FE R A AT E 45 B A MR SRR 82 b7 1k Ak, AR
5 25 l/min.

RIS R 304 B IRARANGE A, BRI R S 60 mm x 30 mm x 8 mm, A4 o ik 1 B .
FE AT N ERIE Ve AL, KRR . SRR R, BORThRE EAE 4 KW, 2 HITFT T BH R AR
AR FZ IR B AR AR A B /N R 4 2 () S mm A . b, R R B T M R B 5 i i b
AR (FUE R K2R L9 0.3 mm)TEARLR H PRGBS R B R AT 1T B 4%, 0 700 Mok R ont 1 4%
AL . SRR RS, RSB BCHAREET AL, ST, KA BUE B i LA 15 a4,
AT IS Oh, B R BB SRR S8 30 . IR IR 42 AR T R AT T ST e 78, X “4TF
K JRAEFFIE AT 2 BT LA AT

nE 1 R ABOCR R RIS R T RS S 8UR B Horb, d RoRIR4EIREE, w RRIRSE
TR 5E B, diw Y HE RN AREE IR TE L, diw AIEI(E RO AR R SR LI R OB & e ks . b 0 Rom |
RIS B2 N IREE P ORI KA . HAA BN RN iR 4E 5 T R 4E v BN, LR SE
P A Lol Ze AR AR, AT Sk SRR s LA N OR BIRSE S T R A8 0
AEER, HARSEN ARG G et A O, 4T K7 JRARRHER . B SCBR6] [9]RT &N, “ETF3k”
RURSEAN AL IR SR T8 LU/, BRIRBOR F B RE ST A SCAEPHR AR SE BUBRRAERT ,  BEZE LRI R )R
BEIRTELG diw, [FIRT SRS 0y, DLURESIRAE “ET T3k RRAER I BAREE

3. MG RE DR
3.1 IRERAE R SE R AV RN
WA 2 FronBdls, NEBOGIIR 4 KW, BEER-3 mm. MR 25 1min, AN [E] 10 Fk 5 R Fe

Table 1. Chemical composition of 304 stainless steel (mass fraction, %)

= 1. 304 NEWHMMBUZER T (FREDH, %)

C Si Mn P S Cr Ni
0.08 1.0 2.0 0.045 0.03 18.0~20.0 8.0~10.5
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Figure 1. Weld cross section geometry

E 1 BEgERSSTEE

Table 2. Different welding speed corresponding to the parameters of different weld cross-section geometry

2. PRIEERRER Y NAEETRR TS

PR (mmis) 10 15 20 25 35 45 55
FREEIEIR d (mm) 54 54 5.2 47 4.0 35 3.0
FLEEIE 58 w (mm) 4.0 32 3.0 2.7 2.6 2.4 2.3
RTE L diw 1.4 1.7 1.7 1.8 16 15 1.3
FEE 0() 1345 145.1 150.0 152.0 145.0 143.0 137.0

XN GEARR . IRTE . IRTE LA E 0 IR . Bl B, BB R IR A 55 mm/s /2] 10 mmis,
F5 4% 95 FEANIR FEIZHTIG N . FEE IR PR, ZeReE S N, 18 IR, ik 1 ERAn
K5 58 R 1G0T o 1T BB O T FE U VR T LT A BE 6 SR B S 1 I PR/ 1 S 4 SR HSE D 25 mm/s
I, SREEERTE LA 0 SN B . WilAl 2 B R E o 10 mm/s, 25 mm/s A1 55 mm/s I (¥ 45 4%
WA . T AR EIR T LT ARBE R 2k R R T LG N TSN, TR — E ML RE R B T AF R IR RIR T
oo HAMZRgER KB N, M 0 AP, BN “4T 7k 7 IR, SR 25 mm/s
I AFEER) “ET 73k FHIER AT .

32. BEEXIRERENF I

e 3 s, HTEEOEIIZR 4 kW, JREEE 25 mm/s. WA E 25 I/min, AS[RIE AL R R
FIF SXof JO7 PR 4 S RS L A4 B S U i LRI A B 6 ) 45 3R B o, 9 A B B B A7 mm AR A B IE B £E+5 mm,
FRGE T8 B Sl N G B, AR SRV TRATAE P B AE . BWOBIRIEARBERT . J T8 SRR R T AL BOE SR ) e 3T
KANMR, TERRR T SHOCBE RGO, 852 BRI (10 2835 B T I S 7 F i sg ma 9],
BRI VR B AR AL R 3 AE A e Bh B G . B FE R -3 mm A1+3 mm T, PRSI IRIEAE IR KA . 24
FEEN-3 mm L, IETEAEER/ME . BEE SR R B IR, 0 R R EEIR T8 LU AT BE 0 3 I
Sedl KRN, I HAE S EEE -3 mm X RER 8 LU R BE 0 (B fcoR. Wl 3 s, BfEER
—7 mm. =3 mm F1+5 mm B FREEETE . AT 0L, FERSEEEN-1~-3 JUREIR, JREEM AR R, 1R
BEMET TR HFEAN A R . 7R AR N+3 IRIERT, BARTTRRIECRIIRSEIGTR, HRERAERTEILAAT T
B, JRAEI“ET T RVRRAE T L, 3N T RS AR T RN R AR B AR AT RE

DOI: 10.12677/ms.2017.78090 684 FHELRLE


https://doi.org/10.12677/ms.2017.78090

FEF 5

10 mm/s 25 mm/s 55 mm/s

Figure 2. Weld cross section under different welding speeds

2. FRIEHEGRE THYRSEEE E

-7 mm -3 mm

Figure 3. Weld cross section under different defocused distances

3. FEIBEE THIRESmEE

Table 3. Different defocusing amount corresponding to the parameters of different weld cross-section geometry

# 3. TRBEENMNMRERRRTEH

B (mm) -7 -5 -3 -1 1 3 5
JREENEIR d (mm) 42 45 5.1 5.0 53 5.4 5.0
JRAEIE S w (mm) 31 3.0 24 25 2.7 2.9 3.1

e diw 1.4 1.5 22 2.0 1.9 1.9 1.6

FIEE0() 137.0 1434 154.0 153.8 152.9 145.9 138.0

3.3. MIRRIPS I EE2XIEERE TN

BRI R TP R AT B 45 B AR & ST R, EROLIIE 4 kW, EHERE-3 mm. 178
HPF 25 mmis. WS E 25 Umin 244, 25K 4 mm. 6 mm. 8 mm Al 10 mm PR M B A%k
AR S AR AT 1R s . R TSR £ 4 Pon. HOEE R, WIMEAAE 4 mm 0% 10 mm, &2
SIS/ R IR L BRSNS RN, WM EAEN 6 mm BHARRN . B K. TR A
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Table 4. Different blow nozzle diameter welding corresponding to the parameters of different weld cross-section geometry
= 4. NEIRS I BRI M NRER R R T2

BE I 4% (mm) 4 6 8 10
JREEIER d (mm) 45 42 4.4 47
JESEIE % w (mm) 34 35 31 31

RIELL diw 13 12 1.4 15
FEO() 128.9 120.1 138.6 140.8

WS — B R ANAS, 24 M AR BN (8 mm A 10 mm), WA BN R S, W AR
PN, R R A . 2SI B AR (6 mm), WRAUERE R, BN LI L A 4R 2R )
JE TR, A SR v B FE N, AR TR IR B . MmN BLAR /N (4 mm), IRSE )
KK, AMEAERKERE, T HRFEREHEBS M= £ 5 EAE R, EARSCRIUN AT E WS W& T,
RN SR RERS AR /N FLIT D B0, St A R T L & 0@ 28 S HE S AR RO s RE = R [
URAS BRI IR R A 10 . H e n] LIRS BLARAEAE — P AME,  BEARHE T RIS 98 A 35 n LA 7 45
BEIRTR, WA 4 BRI, WIBEEASN 6 mm BRI/ NRIR E LU AR R O (. RIAE IR S
PR RS ZE, AT TR IREERHIERA . WIS ELAR N 10 mm B, RERESRAS B IR T LA A BE
O 18, IREERIESTF. Wil 4 B, WOASBEHESr B8 4 mmy 6 mm A1 10 mm B AR . AT L, 7
BOCHIS IR R, WiE EAR R/ ARS8 i B B BRI, & I I WM R SR AGIR 98 LUK AR SE,  HUR
HE “ET TSk RROEAS BB A o

3.4. REFEMTEIHRBAZHIER

i IG R AE N — PR TG PR G 2O R B FE R S M | V2 B 7R [13]-[18] . SCHR[13] [14] [15] 47 A5
FNER T SEOREFE T O R B R B TR B AN (R BR  EANEEAR BE AT, 2 B R ELIK Y 304 L A%
BRI S e 1) 303 ANEEAN, TR AR PRGN B AR SE, A E A S EUAIB Y Marangoni SR A &
K FRIREETE A B 2 o SCRRIT 70 A U A [R5 S AN SR AR B 8 UL, 5 s PO 388 I AN T 75 28]
FRAE %, BT 3 5 G A AR P B R EE[16] [17] [18]. 4R AR b 2R T PEBR 0 R AR N BE MR Mt
e THI 5K 77 [F) B SR o v TSR IR R, R IR 7R FE AR B R AU S AR N IE B3] [4] [5] [6] [7]
Marangoni X3 1 FH {1 45 3 Th] Kyt s v Hh ) a0 A I DX 3 1) o iR X, 3 00U 40 8 SO/ « R P 0 n 1 &5
R, k5 FrR.

IR B, AR SCAE SR 1 Pl /> B At RSO R AR (A BRI b, PO 1R 18
RIGBE WL FN 4 kKW, BEE -3 mm, 77 E MRS SR RN 10 Umin, PAF7 RS K T
EFRE R ARWGE, PSR E A E A 15 mmis M1 25 mm/s. J2J5 R EL bt T AR E T, ALk
DA I (IR SE AT S, SRl 6 Fron. LREmTAN, R4 b RN NGB IR, JR4%E b 3R 5 A
FAXTIR/N, ARGESIRAERT G N, BOARSEVR 58 LL3 N ELIR NG 13 2 R 4815 & R it 0, M5 5%
TARZEI “ETF3K7 FRE. P ULERTVE MG RGO MR IR TR BRI IR RS, R i )
— eI HIER, AR TR IR N R T TE . JRIREAE T, W 5 FroR, BB ISR 1R R
Fa i R 5K IR AR R AL, (13 Marangoni ST IA],  FHIEHIAIE R RS0, BT Sk 1R S
FRAEIAG R, Bl TISE 2l A8k, FRAK T IR R RE I 1A 202 77 A2 TR AR FY BUR AR L 77 1R AT REVE o
SR, B BN INE 75 2 X I 4 AR A 2 A H A g, A 53— IR AW 7
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4 mm 6 mm 10 mm

Figure 4. Weld cross section under different gas jet orifice diameters
E 4. TRIBHEER THIREEEE

W% Hao 8%

KEHKS
REHK I

iR Az pitics
@ (b)

Figure 5. Effect of Marangoni flow on weld pool. (a) negative temperature gradient coefficient; (b) positive temperature
gradient coefficient

5. Marangoni IR xRS, (2) FUREMERE; () EREHERH

JEH E N25 mm/s JEEEH N 15 mm/s

A I pifiy iy A I by s

Figure 6. Effects of sulfur powder on weld bead at different welding speed
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4, 4Eip

ASCWEIE TR AR IR ER IS B R A T LTS R RE R, [RIINERIE 5T 1 A8 I %k
FRUAGD Xof A S A 422 AV P RO R G i R O 52 . 4981 1 A5 R

1) BEAREEEE RGN, JRAERTEEL . REE LA A2 5 O M 2B IR N B, 4
PRy 25 mmis I, JREEIRTE LA M 0 Bk, MREE “ET 1SR RRIEAB]

2) FER AR AER R, REERTTHARMA 0 LIHIEH KR/ HES, fEEEERN-3 1,
BRI KIRTELLA A 0, BIFAE— MR AR IR A B R AT, JR5E “4T 13k RpEgidmiil .

3) fERTE 45 FEAMMIWCE RGN, EFEBORIIWCOIE EAR, A R 5T 7 KRG8, 15
BIRDE LEANSA 0 B BT RA 6 mm EAR ImIBEWC ORI IR 4E “A4T 75k 7 R R Y& .

4) RENEVETCR G RN, BE 5 SRR Bt A A7 202 ), R B i/ 7 B T e 9 498 47 5%
K, A AT 13k IREERIIE

E&WE

B R | AR 3 S (5 51505145).
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