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R IRZ U AR GRS AL . IREER
RUR 2L BE R RE M o

1 SCI§

RGP MR 22 N E A2 1.2 mm [ ER 5356 5544
Y22, KRR N 3 um~200 nm [¥] LiF+NaF & & Bk
I BIFE RN RIS G E R, R e 2
BIS) B I I HUR U 7 VR B v S
IR 2 2R TH A ST AL B,V TR BE S R R
Ko WRIBRAERSERAE, 83 =FR0NA R
WIS RIZ R, BegmS. R EE
JORE R P Bl R 1 s, B2 17
REWREAELRIF FH ER 5356 6 & 1742,

T RS LRI R R

Table 1 Number of welding wire and formulation of
surface lubricant coating
Welding Fluoride Proportion of hybrid solute
wire No.  content, w/% in welding wire/10™
1* 0 0
2" 5 0.31
3 10 0.39
4 15 0.47

K F FEI Quanta 200F 37 & 5 471 4t HL B3 W0 52 45
2R SRR AT YD-500FD J2 1. 174
I8 BEA S 5083-0 8244, 5124300 mmx150
mmx10 mm, RIPFENAET . B FE L2101k
ZA MR 2R, BETZSHNEIFR. &
FETI S FH A 22 Il T B 4 X 0k 22 58 4 R 4 S Ot

w2 R LB A

P, SRS PR B AR AR T

2 TR LB X S 2R R 1 2 W B 48 S AL
JEL AR A %, R PR s
Wi, I PR T vk AR 4% 4P TN R SFR T 50
pm AAL, DTS I R FLR A 2 . X 52k
U (X-Ray CT) A H T WIS AL RS AR IR
H BRI 0.7 pm™, U EAE B K= T ik
P F 77 3k O B8 R AT L SR 43 i) R A Global
XT2600 %Y X 5 28 #4571 F1 Xradia 520 Versa %1 X 5
25 IR MR AR IS S FLFIIR S AL SR 4
T B X I 2488 . A 0 kP DU o7 5 [ 2 s
FEIREE P PR LT 1~2 mm AL, R 2R EH R
S} N 4 mmx4 mmx4 mm )57 77 ARAFE . SR X 3
20 0 GBS DN 4 PN R AOW S AL o A e, IR
JE N 60 kV, HLJE N 83 pA, B &R D PFE N 4208
um. % F Matlab 00 BE PR 15 R o

218 GB 2651—2008 [E K frd, @i IEm
T hifdFE I 7E MTS Landmark ¥ & /7 BE R I 1L
BEAT RIS, FHE BN 2 mm/min, A 45 R
W& 5 R ECF3ME . K H i-SPEED 716 =i #&15
GIRIE =3 8T BUREL R

10

1 XU R MR B A B R S A
Fig. 1

microscope test (Unit: mm)

Schematic diagram of sampling position for X-ray

Table 2 Chemical composition of welding wire and base material

Mass fraction/%

Material

Si Fe Cu Mg Cr Zn Ti Al
5356 filler wire 0.16 0.15 0.07 0.059 4.95 0.10 0.01 0.07 Bal.
5083-0 base metal 0.4 0.09 0.1 4.5 0.25 - - Bal.

#3 MIGHLZSH
Table 3 MIG welding parameters

Current/A Voltage/V

Dry extension of electrode/mm

Argon flow/(L-min™") ~ Welding speed/(cm-min™")

180 21.5 12-14

18 35
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2.1 WARBANAEIRES LIRS

T3 R T AR T WL A G o R 2 3 v 4 ] 2
fs, IR PRI, M UEERUNIR: A
EHOR AR Z IR 2 2, 3%, 4" R M AE 2%

SR A3 A O K IR 1 €5 IR . P13 o A D A4
R EER, TOUE A BB R L
PRKE3 um 2 ]

VAT B 5 B 4336 % 59 100 pm, W04k R~ 25708
T P 0 AT B A, X R 648 2 A
LK, BRI A SO B KT 100 pm FIES
s SUNIRAAL, AR kT 1x10° u®,

2 mEERLRmKEE SEM A

Fig. 2 SEM images of aluminum alloy wire surface under low magnification: (a) Welding wire 1%; (b) Welding wire

2%: (c) Welding wire 3*; (d) Welding wire 4"

(2)

3 et LRI 1 SEM AR

Fig. 3 SEM images of aluminum alloy wire surface under high magnification: (a) Welding wire 1%, (b) Welding wire

2% (c) Welding wire 3"; (d) Welding wire 4"



1376 T A e E SR

2022 45 A

BEAR/NT 100 pm P ESALE SCHIEES AL, HARFA
AINTIx10° um’s R IREE AL NISEAIIEE A B T
RN AR RS SRS A AE T 2 I,
JIFVERRIIRZIE, A Bh T VR IR 2 B IR S8
FLAIFER.

2.2 WERBEMAEEIIREIRSFLAVE M

DU ot 22 6F 197 (4] DU o A 55 53 ) i 44 R M4 AL
B. CHID. PUFp I 4% (1) X 55 26 38 14 % v >k H
Matlab #4F BT G AL FE RN SE i, J542 N RIS
FLOPHR 7] DA L) I AL L R S it 45 Bk 4 Frors .
RAER I &E R, HEANTLEBLERAN
1.66%, fR4%B. CHD WHEAFLE 54 1.39%.
0.58% F10.83%. FLrf, J54% C WIS FLTH R/,
JREE A RS FLTI A K

A4 MIG JR R 5 re AR RFL, XU 2R
For i g B, DU AR 4% P R34 o A A TR AL
B K E N 300mm IR EE 3 0 BAT . Wy 5 = A
oy, ATLUE MRS, [HLEE
29 5 1 40%~45%; JREEF IS FL RIS
SALEEL (5 20%~35%; JR4% 5 iR FLEE D,
2915 20%~30%. — 7710, #LINHT B b A Fe

=4 UML) X ST EAR TR A S AL AR EE R Gt 45 R

T, AR R ZE, mIbHIRAN TR Z M
R H—J5H, RN B A HER, SRS
TS, I AR AN B T R A
AL

TN LR 3 r DU o 4 S FLTHT AR LR G115
AT, JREECERILTI A SN, H0.58%, 1&
45 A NER ALK, N 1.66%, =& oK R
AR 2 S 22 35 RS 3] PR AR R 4 9 3 S FL A
H RS C IR 35 . 1R R WCK ALY
R AT DU 2 B B PR S S ILE R, E4EB
X L 22 RERAY) B EBAR, REEBERREIS
FLRLCHH s 175 4% D X I 22 3R TH IR s Ak 1) &
s I R A R B RS T PR AN RS e T e
RREDRILES TIREC IR A,

2.3 HAREMNRESIEENE SIS

T T 15 7 b 4 R = A 7 1) S AL oA
BB 4 Fis . SRR SERAE A 3 S FLEFIE 58
&R mE s n. WRIBGIHEEER, 1B Cm<IL
M P RFURR L) B R 4 S AL R B B
IRT1R4 A,

ME 4T LR H, 1REEA PRI Mm%EE, M

Table 4 Statistical results of X-ray inspection film and stomatal ratio of four kinds of welding beads

Welding defect detection of X-ray images and images processed
by Matlab software

Welding Average area ratio
bead No. Start Middle End of total pores/%
(Length of 100 mm) (Length of 100 mm) (Length of 100 mm)
A 1.66
B 1.39
C 0.58
D 0.83
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4 XIFEBOK CT ZAbr AL

Fig. 4 Stomatal distribution in three-dimensional detected by X-ray microscope: (a) Welding bead A, X axis; (b) Welding
bead A, Y axis; (c) Welding bead A, Z axis; (d) Welding bead C, X axis; (e) Welding bead C, Y axis; (f) Welding bead C, Z axis

=5 BREEARC IS SFUUSMES 45 31

Table 5 Statistical results of type I pores in welding
beads A and C
. Total
Welding Average pore Pores volume
number N )
bead No. volume/mm fraction/%
of pores
A 11705 0.037 2.65
C 6175 0.028 1.08

1R85 C S ALEE A D, AR SE T AL
BIKZ 9 AGAE 100 um? B 1x10° um® 2 8],  HAFLER
D BEARFN 13108 pm?~3x107 pm® f) KR~ S 4L .
AR 5 B AR R, AR A BN TR AL B PR
DL, B, ARECRIIZERALE R
HFURDASGRE . ORI GBEE, R5E AP AILLIE M
MO RE, WormE—EEMNSE. EEMLA
AR S AL: MR S% C DUAR BN R 58
OSAN T BEERED, E A AL
AR IR AL S AL ARPEER S TR P Fh i 4%
LG R, 1REE A RALEEON 117054, T

PR C A ILR B N 61754, MR D i —2F.
FREE A P AALEARRILE 208 2.65%, 1E4% C AL
MARTREZ N 1.08%, AHELig>— DL . fR4%C
PR S AUARFI /N TAREE A, PIIRSE TS FLIK
AN 37 pm® 28 pm®. HBEAT I, AR 2R
TR SRA A3 2 0T DL 35 PRI AR 48 9 S 2R S AL
AR SF AR, AR NTFLUR S, EXT
BRI NSRS AL A B RAEH .

2.4 WARBMAEZIEERSFLIERINF

B 5 7 o 22 3R T ISR AR P 2 el 7
SERILI R . ACITR)Z TR RAEZ) 400 TR
3t F, A CO, AR, T 78 vt FEL A R 23
R F IR FIRTHARBAE TN, 5Tk
RV KRBT, KA Fre=F IR M. f£
WA, T IR Eh SRR, DRSS
S PR AR EE N B IIVUR R, i R IR
H SR H Sy igdt N, s it i e
FAEIR G N TR A AL TSR IR = L s L K
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1 F 5 H S5 & R F+H=HF(SUR) IR, R
BV AR A D K, EibhiE @ a8 24
Do R T HT, R R R I e kR
F+H'=HF(SAR) IS, 1 HE KA JUFAE T3]
A, ERSBEELEEDRES, RN KT HF
ARTT AP %R S, PR, AR 2 R T HICK
SALYD R EBRAC TR I H S L, M BRI
JREEN RSB &= .

__ Wire (positive

Micro/nano- electrode)

lubricant

_ Fte=F"
F+H*=HF

Workpiece
(negative
electrode)

El5 172K HOR AL AR 48 LB 7
=HE
Fig. 5

mechanism in welding bead with micro fluoride lubricant

Electron

Schematic diagram of porosity reduction

coating on welding wire surface

2.5 WARBMLREI IR E RN
FE180 A\ 21.5 VIUIRESHCT, WURMRE LT
JoR A7 B2 (1R 2R T T B AR A T 8 S R 6 s, 1Y

6 PURNMRLEN R L S A 8 R

PR AR YNBSS, RIMDGE, IRE%% A
A—3, TRMEE. RMEARSET, AR
GE YRR BE O R 22 3% J2 s A P R 1S T
WK, JREETR TE LA BT K.

2 6 AL HmT L, DR R 4E R T R AL
SLHEM, TR ZER; 7E180 Ay 21.5 V ik HL i
IRESHCT, WUMREEIE IR 5 108 3.87 mm. 4.01
mm. 4.28 mm. 4.56 mm, IR G, TR
JREEIR IR N TR GE I v, HRSEIR T L oy oA
0.514. 0.536. 0.550. 0.568, B[t 5 3% ¥ 4 K
Ho Bk, 5T ROK AR 2R 22 0] DLE—
SEFEIE L R4 IA IR RIRTE L, FLBEIRZ PRk

TENZ, WRABHE.

XIS R IR s s R RE AR Z, H
AR 32 3R Oy« SR TH 5K ) R S R R o R B
WU Fn e MU 4 B0, R THI5K 7R T BA
MUBES AN RSB NSRS 1370
MFmK S, MEMREAFEEECER, KK
JIBEEE AUV IE, I ARG PR 20 O MR 4%
OEAREER AN, SN T #fk S TE BOR T 2 (2
4, BRIy A, S, mae
SR I 4, RIS R 3 A D3 i P L
EIOR, MR MR, A b 2 386K,
[ B R IHSC 4 A6 T N R, FEUAIGRE A Ak il ) L
JIIER, A RS S ATt 2R THT [ s i
HIEBUE RSN, SRR BN, T
Xof FL SRR 25 1) R S B A O I T (L3R 7), A P A

Table 6 Surface appearance and cross-sectional profile of four welding beads

Welding . Depth-to-
Surface appearance Cross-sectional profile . .
bead No. width ratio
e e ——
A Pyt Aiihy b mak s i j 0.514
Wl ) b Rl
e, ___ e
B N = i 0.536
vy 2
— - T
¥ ¥ 4T b .
C PO N ) :’:',’L L b WA ;ﬂ 0.550
Z S e e S —
T T .-
D U I A i ’ 0.568
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KA 2R 22 i eSO BN 2, (S FAR B
TNEEH, BEMEEE TR RGN R Y Bl 28 T A
WK, 27 H R I X A DL N st . TR,
SCH SRR R UL DU ) P 4 R 0 A 5 2 ORI
At AR AR RN 5] K

7 HT A VPR 22 552 m il AR G S A O
YiEREPE, TTUABA R SR 2R ER & =
3, ey I B R e, RN O R
/0N, T B RS B I L I A A A R
GE it VU b 22 1 350 s i e VAR 5 3l M 8018 i /s
83.52 Mi/s. 85.29 V/s F11 85.88 Wi/s, 5 i% ¥ HE K
FEE

PP AN, EEIGER sy o id
HAPEIRGROF B, F IR P IR Rl rR i i1
B, F5 e glrb i Y46 0E & 1 45 A A B 1 43
Fo IXFRA TR H T IS RRARAE U R AE
o MR “B/NEE” REE, Ak 2 i il
INIX dk LT b, KA B4 FRER, K
Az B IUSCART) . 5 R S P 4 sk £ P I FRLBEL 38K

RT DURRE L2 B S BRI X L

D) FE I 02 F B P R 20 RO, AR N ) 35 i A
VAT L PSR W Bk . 595 M TIG 45 (A-TIG)
b, B FARE TR T4 & SR L R N H Ly
WE S RED BRI A RAH ], 03 KA 4405
RIS /N T A-TIG A4,

2.6 WEKREBEMNEE SRR E RS2

VU 22568 RSk P b s BE . T 5 i FE DA
KA AR W AL R G g R B 6 frs, 14
A. B. CHID (1)1 B i o B2 AE 4 ) N 272.82
MPa. 277.12 MPa. 280.79 MPa f1275.88 MPa, Mk
Ja MK R B8 9.05% 9.40%. 9.52% A119.35%,
P AR W T S FL TR AR EE 2R 40 31 0.88% 0.76%
0.72%- 0.80%. -, JR4%E AFNC BRI AL
SEM {4 7 Fis .

HE 6 /] LUKIL, =F& ek iRzt
Yo 422 Sk B 5 R R T 5 P B3R ) vy Tl g 2
VSt ik, Horp, 22 390 Sk BB e B
fa, U5 FE 5 S A 2R 2 0l LA B AR 22 190

Table 7 Physical characteristics of arc of four kinds of welding wires

Welding High-speed photography of Arc diffusion Arc length/ Metal transfer rate/
wire No. welding arc angle/(°) mm (Droplets-s™)

I 79.73 3.84 80.18

2* 78.82 4.04 83.52

3 77.39 4.66 85.29

4" 76.74 533 85.88
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= 0.80 X
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Welding wire No.

BEl6 VUM IR 220 e Sk IR i ot
Fig. 6 Tensile strength of welded joints corresponding to

four kinds welding wires

7 SR SEM &
Fig. 7
specimens: (a) Welding bead A; (b) Welding bead C

SEM images of fracture surface of tensile

Pk IR 202.9% F10.47%. S22 1R 356 N 423k )
W7 19 350 23 0 4 P 7(a) RT(b) T o U el 24 36f 7 422
SLIRARRFE LI W R T AR % b, SR AT LTI A
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ATEREAE B ARSI, SR A MK
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RemAREPE.

3 it
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Effect of fluoride lubricant coating on porosity resistance of
aluminum alloy wire

LI Hong', LI Zhuo-xin', CONG Xing', WANG Yi-peng', ZHANG Yu', ZHOU Chen?

(1. Faculty of Materials and Manufacturing, Beijing University of Technology, Beijing 100124, China;
2. Jiangsu Henyi Metal Production Company, Taizhou 225400, China)

Abstract: Three kinds of micro fluoride with mass fractions of 5%, 10% and 15%, respectively were designed.
Then the fluoride lubricants were coated on ER 5356 aluminum alloy welding wire by using mechanical coating
method. The weldability of coated wires for GMAW was evaluated in comparison to the uncoated wire. The results
show that the porosity is distinctly reduced by using the micro fluoride lubricant coated wire. The coating with
10% (mass fraction) fluoride has the highest porosity resistance. In this case, the porosity of the welding bead is
decreased by around 1.6% compared with the uncoated welding wire. Meanwhile, the tensile strength of the
welding joint reaches 280.79 MPa, which is about 2.9% higher. The penetration depth of the welding bead is
increased by the fluoride lubricant coated wire through changing the arc profile, thereby the weld formation and
joint mechanical properties are improved.
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