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BESRERAMA

Study on the Welding of Magnesium with Flux Coated Wire

Abstract

For the characteristics of low density, high specific strength, good electromagnetic
shielding and recyclable, Mg alloys are used in many fields, such as aerospace vehicle,
automobile, consumer electronic productions. However, the filler wire of Mg and its alloy
can’t meet the demands of manufacturing at present and it has been the main problem which
limits the application of magnesium alloy structural components. Hereby, the rescarch on Mg
filler wire is becoming a focal topic all over the world. In this paper, manufacture of the
normal filler wire and flux coated filler wire, the effect of the flux coated wire on weld
penetration, the complex formula of the fluxes were studied and the mechanism of weld
penetration increase was discussed.

The results showed that magnesium alloy welding wire can’t be fabricated by drawing
method as aluminum alloy wire for its poor plasticity, which results in magnesium alloy’s
close-packed hexagonal lattice and few slip system. In this study, hot-extruding process has
been adopted with proper process parameters, and magnesium alloy welding wire has been
fabricated successfully.

Flux coated wire was prepared by coated the flux on the surface of the normal filler wire.
The weld penetration was increased by the use of the flux coated wire, and the maximum
increase level is the 300% of the weld penetration using normal wire. The boiling points of
the fluxes that increased weld penetration most are mostly in the regions about 900°C. In flux
coated wire weld, the welding arc constriction is generated by the dissociation of the
constituent elements of the flux. The constricted welding arc leads to a increasing in arc
voltage, current density and arc temperature.

The interfusion ability between the droplet metal and the welding pool metal became
worse in the single flux coated wire weld than the normal wire, and that indicated filling
ability of the filler wire became bad. The complex formula which is composed of oxide fluxes
is designed with the uniform design. The use of the complex formula flux can not only
increase the weld penetration but also improve the filling ability of the flux coated wire.

Key Words: Magnesium alloy; Hot-extruding; Flux coated wire; Complex formula
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Fig.1.1  Schematic drawing of VPPAW Figl.2 Maro-photograph of welded joint
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Figl.3 Maro-photograph of welded joint Fig.1.4 Microstructure of AZ31B magnesium
weld in Laser welding
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Fig 1.5 Three steps of the diffusion welding
a) The original contact  b) The first step: the deforming of the interface
c) The second step: the migration of the interface d) The third step: removing of the micropore
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Figl.6 Maro-photograph of welded joint  Fig.1.7 Microstructure of AZ31B magnesium

weld in FSW
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M. FE-IRTEMHR, HRETRGHRRS Y, £ES, TEFNHES
B2, FHHIET T EIRHEANSVAWSS.19), EUHSES &R X5 Y. ERAZ6I.
ERAZ101. ERAZ92. EREZ33, % 1.1 kX 4 HEBLZHMRS .

%11 RELBEMLERSY
Table 1.1 Composition of magnesium alloy welding wire

B i (%)
=R Al | Be Mn | Zn Zr # |Cu |Fe Ni Si X Mg
+ it

ER 5.8- 1 0.0002 | 0.15 | 0.40- | ... w. {0.05]00050.005 005030 £

AZ61A |72 |-0.000 {min | L5 max | max |max |Ma |max | g
8 X

ER 9.5-10.0002 : 0.13 | 0.75- | ... w. [ 0.05]0.005 | 0.00510.05]030] &

AZ101 | 10. | -0.000 | min | 1.25 max |max |max |Ma [max | §

A 5 8 X

ER 83-10.0002 10157 1.7-2.f ... o | 0.0510.005 | 0.005 |0.05}030 | %

AZ92A |1 9.7 | -0.000 | min |3 max (max |max |Ma |max | §
8 X

ER .| 2.0-3. | 045- | 2.5- 4

EZ33A 1 1.0 4.0 #




REBTRFERAFALIC

LFRUMBLTTERRREMEARER, TRHTREEXEZENEEE, RHE: &
4 ER AZ61A X ER AZ92A IR 4 B A7 & M o T18 4 AZ10A.AZ31B. AZ31C.
AZCOML. AZ61A. AZ80A. ZE10A 1 ZK21A &4, XEASUASERNESS
ZRMERE: ER AZOIA BERUEESEMANITR, ZEEANZEERANNY
BBLWRE; ER AZNA HESBERERE Mg-Al-Zn RGBS SN, BErdifh
MBI EURYE: RS E2—5 EK41A. EZ33A. KIA. QE22A 1 ZE41A 1REATH A
BRusiERn&BHR: BRYE—-HRESEHTEEN, RICRA EREZBAERER:
Fl EREZ33A A BABEHES SRR EREELE, ERE T BRERENIHN
Vgl WTEREEE, WULRASHHRARTNEL, BEEE,

GIMETAE T TABKSBRASMNATSRIEREE, WR12M5. RE
FIRZN AR LT LUEEABINESS, BREZNMELMBSBEELR, TUEHR
B, HFARBRIERE. U, HREREBREEELNEHTREEZMIEN.
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Table 1.2 Selection of magnesium alloy welding wire

2] AT 1Al k1A MIA ZKS1A
Aioo) Ason A1 | Azeta| Azeaa| azson| azsia| azaic| asal Lkaia (BN G5, |Lartnd A | QFzaA| 710 | 71A1A | Zxa1A| ZKs0n
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Awon | 42921
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A8 AZOIA] AZ6IA
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aze | x x| x x | Amal ..
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é AzioiA
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azsic | azoza| aroa| azoaa| azeaa] x § azena] azean
AZ101A

azoaa | Azoza| azsoal azeal azmal x| azema| azetalazona fazioial ..
Exsia | Aol azooal azoaa| azsza| x| azsea] azoaa] azsa| azeaa| ezaa| ..
f;g’lf\ Azo2A] AZoIAY AZoaal AZ92a| x| Azeza| Azoza| azeaa| azeza| kznia| Ezaa] ...
sy | azvaa] azoanf aznan] azomn| x| Aznen| Azoan| azsaa| azsaal eassa) eosal A |
MIA AZGIA] AZEIA| AZEIA AZ6IA AZBIA
MG | APPAL azooa) azsta| azean| X | azgaa| AZOIA| ATOIAL ATTIAL AZOIA| AZSIA| AZOZA| ~ | gl o
zaa | — | — | = =[x =1 = T =1 = Junalezoalemm] — [= [ea] — §eosl -

azo1a| azaia| Azera AZSIA ] AZSILA AZSIA AZ4IA
Zraia | azozal AZORN ROOAl Azea| % | aagaa] AZ9A| Azal Azea| Azeal azeaa| azeaa| — | AZEAL azeral AZEAT [ AZGAL L.
ZESIA
ZK6DA x x x x x x x x x X ® x x * x x x x Ezn
ZKS1A
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Fig.1.8 The arc contration by the negative ion
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HHERRE NS E L,

F 1.4 EEA I ES MR
Table 1.4 The effect of flux on the arc voltage

eyl

B &

] Re My HLE

Si02
TiO2
Cr203
K2C03
Naz2Co03
CaCO3
KCl
NaCi
CaCl2
AlF3

1.72V£0.12
0.38V+0.20
0.84V+0.17
-0.32v+0.30
0.16V*0.30
0.23V10.21

033vi022
0.03v+0.21

0.10v+0.22
0.72V10.18

b iop A
BT TR
R BT TR
R REPA 3T
RHEEHEF
SR A T
10 H B AR B 8 1+ B B F IO T B
&R R B T+ B T A
KB A T+ BT TR
KRB HE R B T+ U T R AR

(2) RETKIRERLE BB

Rk HERNN: BHERASPRENFEANFEREESKNER. HiER
BERBAURET REKADRFRMOKNEE, HRRENEENPOLHRAAE, FE
BIEERBR: SRt E R FEAMHETR (FEAI—eHEU b REmMBE
AR, SRR SR R 7 ) A R BN ER B, AEshe
JBTE B e R4 R A it o L BX AR AT P B R R DR T Y R R 3
B AR AR, SRRSO RE, AIRREXMEE™, mE 1.9 5
e
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RESHEBLTR

I NPerry BFADY, LTERBM—WRAIHEN, ERETENERT, &
MABES RS T RS R ERE. EREEERN—0, StTROERERRE
KAOBEAE, HESRMNDZR R T L ERRBEEERIG—W, REKIBEESD R,
HASRERT KD OMERT BRE P OREL%. ZHERROSLRERRE FE T
—0, WA 110 FiR. B TRIEZER, JOEBTREHRIKECEABTT TR
®. KARH 100 mmX 50 mmX2.5mm MIREHES S AZ31B 4, HERREES
BEI—M, FREEHRD TIO, £HTRITHOLEE. £EAIIKALREMA 1.11
FirR. wH TiO2 FHERMEME THRMNRE KD, SIREmNRET R ERE.

Bl 1.9 REKHSFSHRERESBIEMRR
Fig.1.9 The theory of the surface tension

Bl 1.10 FBHEFTRERTRSEhEREERER L1 BB Ti0 R R4 TER
Fig. 1.10 The effects of the fluxes on the weld shape ~ Fig.1.11 The weld shape with TiO,

W RE T AR RGE SRR N TR R R AT Bi MEHN, BT M
SR AR it B0 B 7 i PR S O B BURLIY 23 A AT T SR @ 5 EE A TR L SiO;
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K TRF AR

1 TiO, fEHAMFREN T 0 AL h Si0, M IRIR RSB 7 Hlds . FIRSE mltga Mk
W% SRR B A R ESERIVEA IS R Tio, IR IR R R REHK B 13
EMFR%R. Tanaka FTi0, ENEER, MABRIR0 QINERE THBET T btk
ME, BNTREWBINEEFRTROFE, HRBEERRNERY EMKELEW, X
Wb REREHAT TR, KRR BN RS HREE, 1A, X2
BIlSHRTAHLERRSER. NTAABEERYNEROREE: EEEMMERT
HATREN GRS SRORDK B ERERE TRULFIIEN.

1.3 ANHEERARAE

PEERES SN ZRE, ReSMFEEARENESF TR hESRE
HEUER. FAREEFEFANBOATZ — R, RS SR RRH %
MM ARACHAMAES S IAE “X8” 8. 30T —H T ENES S
B 3F AEEM EFR T RS SHRMIEL. AXNETENE:

1. BHRBE SR RAABFET SN & RS R4,

2. RAARAFAERNERASRLRAHIRES EFEEREL, BT SEHEL
HERR, AR EERRHRER R EM.

3. RHAXATCE R B IR L L YR 6, ST AR e TR HE MU IR 22 HE AR A
Wi,

4. HHTEER AR KA R R ) R RE . (BN AL TR ST R I R
AT 2

5. RIFBHRAREGET, XAWSRH T ERSEMNE T BT RRE. B2
MEFEBRAT R —BHAOE AR, FRRBEERLNGE R,
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RESEHHRLTA

2 BREERRLnHE

BEERS SN ERAR, EAEHAREN—HEETE—R# 4 SR ERRY
FRXRE, EERVRERETHSR, HHESERBRLEBRT —MEAHEE LN
PRI RXFET—FEESBERE, SRLRERENBMEENER, BEXR
RmtkEfe. o SEMRLNBEEEIRIPR: SRS STERERLZMH
#; RUEBESSHERLHRETERE,

2.1 EiRRLHPE

211 RBRAZERBE

TR RAMFEEEFREERY, ABNFER: OBRESSRERS. B
HIFRFEHR O45mm. K 80mm MEASS¥HE: BRBTNBEEETIMMNI, hIT
B ®42mm. & 70mm FIHFESER . QBB EFEERNTHA. BN LHFMNERSHE
HABRT —FBRA B PHS, FHERE 400-500C, FiE 30-40 28h. OFEE
FEBL. BTAFPHEENFEEARFRFEEE —BREIHENL, BdHiE
EbERL, FFESBRESEERNES, FRBINeERE. FAHEDS RS R
BRSE, SDXSEEhTEREMRTEHLERE. BedpiTthnt, hFHEsn
S BRFHTER IR, EERSHTINERTRES LR, SERIELENIE. B,
EFENEEFFERREE 400-450C, XEHTHESENNSER, WEEHEL
WEGUR, HFEFRBER T RS SR 2 HE.

M2.2 6B UYREET
B 21 HEN Fig.2.2 Hot-extruding devices of
Fig.2.1The extruding machine magnesinm alloy welding wire
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KEATKFRLFAHR

AR KAMEEEER: THP34-3001 EXBENFE, BXESD 3000KN, £Y
B 2.1 Fic. BEGASRLFELE, FEENE 2.2 firn. Bk, HER
Fro BYERHE. BREE. SEREMER HI3 BEERM, HEdRRGE. HFIESHHE
S5HER AR HFTHRILA, I DFERDFHILEFEIRPES & RAER,
FEESHFEMREERIGINA S KEN 45#0H: REMKABHE2A, BdBH
BEHTLUEBBERY: ABAAUBNMES SR SHERMBRER. HHEE
KHFRBAPE LIRS, BPNBEIIRY KW, FRESEHABIE, *5
IK-1 MEZREBERLSER, THAMEERENEE. FRERRNIRETIEE, #H
BR~T A O85mmX 110mm. KAFHEEBHR, HHENZRTH 45mm X 80mm. 1
GARE YA 23 BiR. HESRAAGBRELFE0E 24 FiR, BAPTIER
20KW.

H23 MAoEEET H2.4 SFESEHBP RS
Fig.2.4 Preheating furnace of ingot and
its temperature controller

Fig.2.3 Smelting equipments of
magnesivm alloy

2.1.2 BEERLNNETE

LEAEBGIE

FABRABRBREEITES SIEG. EREN RI2 RSESSB5T, B
FEHRADRFADARE, REMRI IR 2.1 Fin. BEERGOEMAR: MgCl
RESSHBATHEIERS, M MgO. MmN, Sk AH RIFHORMER, 5 MgO
oA ERMEY, BREE., EEK MCl, - Mg, AREBRELFTE, KO HEHF
I RIBIRE R D AORGRE, BEFOH TR, ERARSSBREESSRERE;
NaCl 5 MgCh * KCl A=t R, BEAFINAR. BaCh TERBHANNER, 158
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RESTHBLHR

MEHESBARE, REHERR. CoF, REFE SRS SENI B, BHRTFH
REER, BRENFMN CaF, TTLAR B LR R HAHE.

R 2.1 RESBHEMMLERS (%)
Table2. 1 Composition of fluxing agent

EERS e

MgCl: KCl BaCl, CaF, NaCl+CaCl: AEW Mg0 b3

38-46 32-40 5-8 3-5 8 L5 1.5 3

BeeRL RN R KT ZRENE 2.5 Fix:

BERANGRE | [BETRARIR| | AemRs _.%—m#, S
Jisi] PRFMT s}
#fumT | i CEUEENT e

) T um

2.5 BEeBFREMBGERRETZA
Fig.2.5 The flow process chart of melting of magnesium alloy

BRESUMER, LHEEMAAHT, FESRABSEML, SERNEFLIRE
ARG R THALRIP RIS SBRETHNERAR. B4 ERREAHTES
SB B T RER AR, R TRETRT AR MR R A —WE
ENRETIF. BRI EIEMEESEM:

(D) BERRRST. Bt

PR T RAENIR. SR/, HHAM. 8. SRR NMEEERE SR T
TR E. B TAERBEAN TREET UMMPR £BZMN RN L E 0 R L RIE,
P AT RE B B iR B0 5 SR B TRABJUHTER AL .

(2) BHEERELAREGRRYE

KRR KRS BR, ARTHREMBEERAEIR DT HEEMEES

AHMITARE, MAHE. SH. BHES. ERAE=. ORPLARREN: OBIL
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RER LR

RESESEHTLARDT: @FFRE. REFFRPEATHLERITERIETLE, BX
KA ERE O RE S| RIBIE,
3) HmILESS

BAEHREBHROBASH, REHERAALIR, MEHESBE LOH—E
BE &N, BWENEREHAZE 120150C T T8 1 e, BEH&EENR—RE
AP mAE 700 CHRBFESETEBN. BEFOEREZERN ERESESL.
%,

(4) Bk, Rl

RAEAZETREEFIBERENT &S0 OER, 75 IEHRNEE
Py, FRBEBRADEPHADER, RECHSERTR—BEEEN. IHEEED
Al AR I REER K, I B AA BT RS T R,

(5) #8

¥ E—TFRPHESEREHE 20 28, BENHNETHEEHFETSFHEK
MESEHmE.

(6) BB, Bt

RHHAREHEE S SER, TEN T EEaTUH RN ES. KRB,
BEMEHETRUHECREFFENENY R, FIERENATE IRk,

(7) 3%

B KB RELEE NS S TR RH B R R — B RE N S
R, WHTESERIESRT. BHIRTNER. OFLEMAR 500~550C; @
BRESMBHREY 700~750C; QRFIHEAEBAGESHBHPRES, Pk
ABFRIFR AL, ORENTESE.

(8) HimIL

HHERBES SERTIAEM TURBESEMR T CMFHEERNRZ 2mm)

MRERE. SEERENE, BRE. SAEHRKE, #EEhunE 2.6 Fix.

B2.6 #EaeWiERR
Fig.2.6 Picture of magnesium alloy ingot casting
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BEEEHRLHR

2 BREERENFETE

HELBRA: BHER. MEIREBHEREEE. FERRFKKBAFERASP,
KRB RAEEBB BIP P mME 500~550C, R 1~1.5 DN, RIEEH R ERER
&S RBHIRE S RERHRE 350-400C, B4 HFETRE S EERLNRE TR
B BREEHEHEREANREE 400450CESL, HBRFELBENREAR
FHERRMRE: ASHREMRKRAELRHETRE L, B LRER, LEHFEMH,
BATHE, HENKXARSAIPHELD,. TZRABMTE 2.7 Fisw:

BHEEAN| | BRNTR | | FREREEE] | FRESRE
B HEBHEN

2.7 BRESRAEBTZRER
Fig.2.7 The flow process chart of extruding parameter of magnesium alloys

IFETZSHEWHE
(1) BRHGE K E
BESRTEHANT BEEH, ETRTAAEIMNEBR, HEREREREELH
WHTRERNELENRSIE, FEREZHTEE. &8 o/a=1.6235, T 1732, &
WARRRIRET, REFFENFASREFERE, BEEESESEN M RIGILE
e, WHME, —BPT 10%. EREMRSTRENBREFERRY, HTHENRE
BBMELNHANE, GESERRENNSRARFHEEREST. REERE
B, BEeTHNHANGHRRERN, ERERT 250CEAN, HRAKAEH IR
B (1010} FHGRER, ZRE/EINE . RS EE 350460 CEEBEMET B
HEmTREH.
(2) HFERREERTE
FELTHEERRRE, SREEMRESTERE, HIMEARESERER
MEXRK, #HFBRREEAKIEE TR, ANTSRES SRLNFETEREET.
HHFREE A ER T RS SBH —RET I,
(3) HEHHHE
ARRKABAEFPEEAANLRAR, HHESERLANESRYHFN
HFIED . REMARR:
4]
D-C

P=abo,(In A+ ) 2.n
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KERTRFALFEA R

X QD H, p hREEFEN: a AEEHFBERY, T a=13-15, HPES
ST R, WESI LR :b 5 RN RS ERS & S0 EM EEH, T b=1.0;
o, ARTCRE T S AR EARRL S, 53R 2.2 EG A AR o AEERRE, X
AR FEATE u=0.5, HEHEAR LT p=0.2-0.25; D AFHERMER: C hFILHHS,
BHELOEHE d=0; | AERARENER, FREVEHE, TTRAEBHORRKE
A%

HEEERANFERTSRES SEMPHELARBTHE, HHARN:

DZ
= F’ (2. 2)
A (2-2) F: DAKERANER, d YEELBLNER.
2.2 H$RHAEM os, Mpal®
Table2.2 6s of magnesium alloys™'!
asme B/ C
200 250 300 350 400 450
B® 117.6 58.5 39.2 245 19.6 ‘ 12.3
Ml 39.2 333 29.4 245
AZ31 117.6 88.2 68.6 319.2 343 294
AZ61 98.0 78.4 58.8 49.0 392 294
AZ80 51.0 44.1 39.2 343
Zk60 107.8 68.6 49.0 343 24.5 19.6
RAE RS KET R
aD? 4]
F=pA=—— abo, (In A+ 2.3
=pA="2-abo, (In ey ="_) (2.3)

FREHHRBIFEL A=484; KARPOBESEBLMFAN AZ31, HIEERKN
400°C, MBY 6,343 Mpa; a=1.5, b=1.0, D=44mm, C=0, =75, p=0.25 ¥ P\ EHiB#
AR (2-3) PAIBMTEMBENR: F~63KN

7 CA AR5 o By o A B 7 LA o BL3g6 I K

(4) BEERMHE

SRR EN, BRI RORRNSEH R BBEA B, MRz 8
BT, BHHELRE. BEBRERLEN, FEOFEIRTSMN, X-EEY
R EN, SREREN-ENBURERS&RRL, HRIMHEATE—EN
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RESEHRLAR

rifa], WRTEGHR, XFRAXRRREER, RESBERRHEEMM. BIEE
AEBLANPFELRD, BHEREFTR, 4SBHERL DR

¢5) RN

B eRUAFELREYS, HTRDPERNS, FREEFEFHTMAE LHERHA.
BT RAKR 400C LREBFE, FLUEFNRABEEN. 55, BENNFE
ERERFIRAAIER, B LUREHT R,

BT LR E RS HOEESE, ZRRAIHEH Odmm F O2om MBS &KL,
BesciR e 2.8 Bis.

k2.8 BaarRs
Fig.2.8 Magnesium ailoy welding wire

2.2 TEMHEZMEE

B4 A & —BURM TIG ML R, BRESSNSAREK, THTYE
(THL AR BT LA B & SR S Bk, BUSRIUSHA P HBME. HILHFR
ARBEREINES SRETE, S ENN A USRS E 4%, 8
EHERES T RELNER, ERERLOER T ETEHRHSE TR,

A EN BT ANEE R SR LSRR, PETEASFIEL. EER
RPN S, TR MARERL P OSIMSEERL, BTSSR
ER AR L REHNL R . AR E TN EERIE R SRR U A A
FHATHI, IHFAHERHFF LR DARR DR ANEEEL, RRRAFRREE
EWFERARSRE, FARNTHLRMERLERE. BEMNEREDR 2.9 fir.
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KA T RFEFLFAHRTT

(D EHEAEFESEY. BESEHRLRE-MEFHRAR, BELFE. &
W2 ZIREOR D, EERRERERFATHEK: OLTEERNAE—E Ml
MFEERIER, HEXRLRALHRERE/D. QATFHERMNYARTE. @
ATCEE RN B & &4 5 MM R SN . 7ELbR R b B — oy ISP R A e v
RERE, X KB ZHEHAORESER, KR THIRTEEHERIGRY
BT T Bt

(2) . A TEFEEAQRBANRSRENES, FLdRueREER
ML IR BT LA AR

(3) RE. ANKMKHEFNEHRASATREREER, SHFAHTEAHSH
KARE, FNBHBTHAMRRIERLRET.

(4) ¥RB. WRBURYERIZ BT BN IR 4 T AP 4R4T BB T bk 2 R0 ) S AL JEE R T
HERER¥RE W INFLFYDORBERLED, BREH 45-50mg/mm.

\ /
N/

.[. — ...t"]
coo0o0 |
al

=X

() IR

A

(c) & & (@) o M

2.9 ERALKBIdRER
Fig.2.9 Schematic diagram of flux coated wire producing process
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GASIEHRLHA

(5) BF. BIFHRLERERTPIRMMT, BRELPHREIKS. X
SR T REEEERLNHE, PENEERLERRETRARESA. B2.10 4K
REHENRESEREL,

B2 10 BESEERLERR

Fig. 2,10 The sample of flux coated wire of magnesium

2.3 FE/NG

(D REFXRUHTE, RIHBGHRELESEHE. SRNERAFE
ALRMEL I RAMGRE, TTLMEARSSRLFENTE.

(2) FABFFEMITETUEERRGE=RE&RE, EF-RERTENNE,
BEMEMERY, R0 SIELBEAER.

(3) EREERLREMBAR—EEER, BBED 45-50mg/mm 4, wIHKE
FEHERL,
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R T AFRR 24723

3 HesiERLRE

3.1 KWAHZX

3.1.1 iR

FRBFEARTH 200mm X 150mm X 5mm A 200mm X 150mm X 2.5mm ] &
AZ31B & SR E A BB, A MR L 4 586 F K B E ARG EREEE &R
#, BEHRR2.5mm, BERRKELOLERIWE 3.1 iR, FriEREESENE
#4H (CaClys NiClh. ZnClw MnClyv CdCl FeClys NH4CD , BEEE: (CaCOs) ,
Y (AIF;. MgFy) , 844 (8i02v Cr0sy TiO2. MgO. ZnOs MnO;. Ca0) .

F 3.1 AZ31 M RABLMCERNSY
Table3.1 Composition of AZ31 plate and wire

Al Zn Mn Ca Si Cu Ni Fe Mg

25-35 0515 €205 0.04 0.10 005 0005 0005 Bal

3.1.2 REAHZE

BRETFEALRABERRMMER, HITFTHE, KRRefFsL, THESE
BEiEs), BELEFERM 3. 2R, FA-TIC REMNBERE. BEHRR. K.
FIPRRBENESHRERERENREREET — 2w, RRINEXSES R A EE,
FHMRIEEZEERE, BELESHWE 3.2 Fin. ¥HARERTFOEENSS5RK
FERLRE, FEXN O Sm. REEAIEELITETS, REALE, BIRTFEER
AR LA TP T, LLEBREHAR P FE AN RK.

iﬁﬁﬁ%

\n
f EREIH /

2]

H32 mEREE
Fig.3.2 Schematic diagram of flux coated wire weld




RESIEHRLHR

#£12 BEIZ2H
Table.3.2 Welding parameters of A-TIG

AR m/in BEARA Ko ﬁi’:‘f‘ EEEEm AR

300450 100 243 10 2.5 75

3.1.3 Rkl AE

15 LR AR B 7E CSS- 2205 B F T ARIRARHL TR . Bl R
MR~TZ2E T EiF GB639-86 (IR LM MRRIEFEY , AFBIUREED
B 3.3 fir. HHIREMRERFFERR L, #THERRM, RMEEN 0.5mm/min.
BEEPL R, AESRETREENH, LR FABERNREENR D, BRI
AHMEERRE L HRRE. 8MMIES 3R, BECESEEDZRE TR
HiE.

1~2

10

B33 ffefRsErER
Fig. 3.3 Schematic drawing of the test specimens

3.2 B—RAEMRIHREERR RN HIER

3.2.1 B—pAENFIERHEE

ARFFEERL, RAFRERMBERNTR, 2HEEERAERBREORFER
REH . APAASFFEERNEEERENEN, ¥ RAKEHEAY. iy, Rk
VIR MEEFEE A TRERR. B34 RRA—-BEFF TARRNEHELERRR
BIMRRBREL WHy. HABEELEEEE, W b TERLBEER.
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REBTRKERFARX

3.50 333
3.00 :
2.5
2.00
.50

33199126
1.00 0 5
0.50 i
0.00 ' 1 =

% CaCIz NlClz Z.nCl;CdClz MgCI,FeCI: NH&] CnCO;AlF: Mst Si0 TIOz CrzOs MgO MﬂozCaO

RNt HHo
=
_ ;

K 3.4 BMEHABREHEET
Fig.3.4 The effects of different fluxes on weld penetration increase ratio

mE 3.4 00, MEE BT S RAEERIEER LR B RO EIER R X,
HUECHBRBFERL, BUCHRAEETEERL, FADEERETRLEEE
BEBFTR. SUYEHRL P EAREEELEINBEROBREAE, TiA%HA
2K 3L, R EILBIEEAE L, BEEHEMN 2.8 5. BRI s &
BEMSRBERAE, BEREFENEEE LR 2 4. RUIEHERLMBRNZ
WRORCBARIEAE 1.3 AR, BUMHERLHERNZREREERK, MO,
EHER AR R R BIR A IR RN 1.6 45, T SCAle LA SIS HEIR 22 1R BRI
BT LR ER AR

= UQL‘

NiCl; CdCl; ZnCl, MgCl,

3.5 RAREBEENVHREN
Fig.3.5 Cross-sections of welding bead
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RESFEHRLHA

B35 PAHTRAYBELDENELERE, BEAINELMBEERTEH.
B ch AT W NiClL &R 4 O Smm 811280 55 21218, CdClL. ZnCl, IS TEIR £ HaI54E
BEAEREEELTHEEM. B 3.5 PEMN R T &t e s B E
HEEHR.

3.2.2 FEHNSBEESRERTEMHUROXF

B 3.4 S5 T BRI LB RN G RERE TR R 4R REREME, BRRRA
FF AT RAEMEAAR,. ZEREFEHRNYRER, KRSHELRKH
B S E R ENRRE MR R AR . ARBEX—IE, B36HHTAMNE
Y792 R E 15 JE T IR A RS I L 2 RIE R R SR 2R » SR matlab AR IX 2 it &
A—% L.

e imte H/H,

0 oo 100 00 200 20 3000 50 A0
AT 4

B 3.6 EHEABRSHEENRERNE
Fig.3.6 Relation between weld penetration increase ratio and oxide boiling point

e #1428 7T AL U 7E 900°C BT AITEHE RN ER & & A-TIG REHER I MRUR B .
REET: GiEHEROEIESTa, BN RERRITRENRER I EA
FF, MEHERXREEERTERRIMEF MBI RN mAR, EREdED, &
FRRE B m REFET S BHOW A ML, dlkTT REREFNIERT RS SHARE
ERERIAMEEFEEERR. WRTEEEANSIBRER TREERERE, B
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KA T REWA-2AA S

LESBERRAES, WEFENOERERASHE: MRITEBEERNNREER
ATERMETHABRE, RTUZSHME NRIEMEFENER. BEPIRBER
B A-TIG S, FHEARMMICRY BB S FRETTIE 2000CES, BX
AERNHREEE 2000C L, XS BEERRMALYEETLTRS T #
f: MESEME, HBAERED N07CESA, WEESSFEREIETEERET
R, MAFTEEER RS B RBMTREES &0 G, RBIEA%
B& A-TIG FERD, MM R A B HE R 28R R 7 900°CHHT.

3.2.3 B—EAEHRIELALIENEE

MTEERL, B RRERAEMERR TS 2T Mtk ae i, Bzt
BLFRLHRELRBLN— TN ERNMRSH B 378 T £k 15 EtERL
REBRALKERSH TREBIMNEERDRHRER.

LR G

Mn0O; - Ca0

3.7 RS EERIN AR TR
Fig.3.7 The effects of different fluxes on bead morphologies
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RESEHRATR

WE 3.7 TRERBBREELEE, REFBRENALETEENES, &
WAL B RS2, AR RIS, BERRERLE TR
Ro FALY. BRAFHERLAEGHMREFRITRAMEN, BRFERLER
B, SUEEL B RREIE VRN RRIT, RIS hiEs, BER
BEERYS. WEBLSEHRAERNS, BARAENIRENLRE. BEEE
Tl IR R PR B A IER T, T LB — A6 M O P B AR
HE BN

EHBLREREEA S S EREERTE O, F. O %, KETENFELHE
HASRORER, SHLENELERSRERLSRNEERE L MGFE— 2L
%, BHESTHELHEHHILRBAE—ROEEREN. BLERSHLLR
AR AR ARSI RN, BRLEFRRTDRRR. RERMFHR
IR AL B BT R 7 5 g FL P R S B A, TERAIBREST . S, AME
£, REFHAE, HedBPEIREME, MRENEETRRRIAREE,
SRR T HORER ) SRS REERNFE—NES, SHETRNEE
AN SRS RORA IS, NTERERTERTE, BERYRESE,
3.2.4 B—MHERSLIHEMBRE HEHEOYN

B4 SE IR N R T LU I B O R BT B PR, S —FhE TR
T &% T ELREAFNER., BERYF R SIS TR R RAAs SR

TiEtERE. B 3.8 ARA—2H T HBELBEN NClL, FHRLRENELAR, BT
BT W NiClL iR 2k MM R RS E R LR EMNERRE.

3.8 HERLAS
Fig.3.8 Microstructure of weld seam



KR TSR AR

A 3.8a AR ARGEIEH AR LB ERBMRERLANRE, B PREXS
PEMXAPFBEANE. ARMEKERMOTHAR, RUHAK, RERIAPHE
b, BMRARASTRAR. ARETRED, FEX NSRRI TEL,
RE T &S RAREK, ik, FRAKSBIERE SR NTTSBTRE
X &S S, AR SR AR PHEME. MRESNAE IR ERE, X
H TR ENER KM REA, ZRERAEMXRE LA, Bz FHEHAL DR

ERIAPRELBIALR, B AR X ) R B A K,
B 3.8b HIRIRECE NiClL, f)F LB BMELANR S, AP REREHX THE

2T T RMEHRGEN. XEO THREROMARE T BEENNRE, FHEE
P RHENM, XHEKXTHRMARERN T REEENRIN B ERREREXH
CHEEEEE, WX HHASAENEK.,

FHLESHT, EERANMAEREARTHXEE, 42K, RHAERX
T XX AN, DASBRERLERI R REW. T RIEXMEERL
AT, RAVR I T W TR ERARESHS FXBARR &4 T BRIR R BIR,
SRR LR (REBR 1=60A) RBNRHE NiCl, CEEABT I=50A) KHELH 2,5mm
B H) AZ31B & BURE, REHERIEFERIELE, BEELNHADE 3.90 FE 3.9
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Fig.3.9 Microstructure of weld seam
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SRR T A3 R EELITI AR, AR ERNE 3.3 . K 3.3
WA, FEEEHRSEGHTRRIRT NICl, KR £ 8318 L 8 s 2 S
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BixFEm SRR AREm, AR ERBERAHLEMTREN, EEL
af LA 2 BE 1T

#£3.3 AREEHTREELNBEE
Table.3.3 Tensile-strength of the welding joint in different technological condition

Bt FEESH (1=1004) RS 3 (H=2. Sum)

/MPa FAEHER) FiE

NiCl./MP NiCl I=50A
WP iCl./MPa AP (1600 iCla/MPa( )

259 249 237 265 252
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S22 AR T LB R A 5 SR TR . BRI ER L R E B RE R 4
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AR R O T T X a4

39 ﬁ{iﬁﬁ mE B
1845 \\

~
/ i )

B4

a. EHBRLEE b, SRR RGN AR L
M3.10 EHHELRES AR ETRE S AR BRI TR
Fig.3.10 Schematic diagram of FC wire weld and normal wire flux pasted weld
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Fig.3.11 Variation of depth/width ratio of weld beads
a. normal wire flux pasted weldb, FC wire weld
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B 312 BEMETEAE rAEER
Fig.3.12. Cross-section of welds with and without flux
r is the depth/width ratio of weld beads.
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Fig.3.13 Arc spectra when weld with (40% MnCI2 +60%Zn0)
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Fig3.14. weld bead made with and without flux
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Fig3.15. The hypothetical fusion mode of droplet tiling on the surface of the molten pool
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Fig3.16. 'The mode of the transition of droplet  a. Gas tungsten arc welded with flux pastes and
normal wires b. Gas tingsten arc welded using flux coated wires
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B 3.17 BAAERXEN, a HYEEBLRE, b 0WMnCL2H60%Zn0 FEIEB L5 8:
Fig.3.17. Optical macrostructure of GTA welded Mg-AZ31B alloy prepared with normal wires (a) and
with (60%Zn0+40%MnCl12) flux coated wires(b).

B 3.18 (60%ZnO+40%MnCI2)iEPELR 22 15 He R4 T A S A
Fig3.18  Optical macrostructure of GTA welded Mg-AZ31B alloy with nonmal wires and
(60%Zn0O+40%MnC12) flux coated wires
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Fig.3.19. Room temperature tensile {est results
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Fig4.1 Schematic diagram of weld process
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Fig4.2 The longitudinal sections of the weld beads
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Figd.3 The variations of effective voltage during the welding
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Fig.4.4 Characteristic appearances of arc
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Fig.4.5 . The variations of the spectral lines before and after the MnCl, flux coated wire was used
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Fig.4.6 The variations of the spectral lines before and after the ZnO FC wire was used
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Fig4.7 The spectral lines intensity of flux elements
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Fig.4.8 The variations of the Electronic temperature before and after MnCl, FC wire was used

12000 - - e s e ey 8500
) 10000 M 600 &mﬂﬁmﬂmﬂ_&
g o ™
s 6000 ! B
o S
o 400
rAL oA wanE  Zomts
& omn s u

b

4.9 RA—XBA In0 MR LBTRESI 8 THEEIL
Fig4.9 The variations of the Electronic temperature before and after ZnO flux coated wire was used
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M.
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Fig4.10 Back-scattered electron images and compositional maps in the weld seam of the GTA weld
prepared with flux coated wires
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(1) MnCh AV R L1088 5 8 18 22 B AR L IR 1A 35 T 48 22 18 820 69 300% 5
HIL R iR IR LN 12V I 17V; BERINERER REHERBERR: B
YRR TR R IR 418 1500~2000K. ZnO iEHER 48 HEN, BERETAEE IR
i8R 120%, BIMEES 12VEE 13V, ENESNENETEE S ER LR
RAHEE AL

(2) TRE MnClL IEHER LBIIC Zo0 HH R L8, BEELNRARIEN
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5.1 ESHSEMRLRELR

ETAHS— R ES AL RRER, RIBUTS£BRNMTHER S SRR
A, OATHEERFGAE — MM MEBBENER, FERLMELEER
AYWE/N. QETERANHASEE. OAXTEEANSESSEAGMHETAEY
M. Wi EE=%&KEMEES CaCl ZnCly. MgCly. TiO; MnO,5 FiE R RAA
7o, HATHMRE SRR,

#£5.1 EHNEAES
Table.5.1 The mixture ratio of the activating fluxes

A (X)) B (Xz) C (%) D (X0 E (Xs)
M1 0. 6072 0. 1578 0.1043 0.0529 0.0778
M2 0. 4830 0.1201 0.0787 0. 2652 0. 0530
M3 0.4126 0. 0682 0. 0062 0. 1099 0. 4031
M 0. 3611 0. 0156 0. 3043 0.2051 0.1139
M5 0. 3196 0. 3457 0. 0765 0. 0061 0.2521
M6 0. 2846 0.2078 0.0185 0.2213 0.2678
M7 0. 2541 0.1185 0. 3370 0.2559 0. 0345
M8 0. 2269 0. 0456 0. 1891 0. 1410 0.3974
M9 0. 2024 0. 5682 0.0141 0. 1486 0. 0667
M10 0.1799 0. 2954 0. 3105 0.0163 0. 1989
M11 0. 1591 0.1735 0. 1954 0. 2360 0. 2360
M12 0. 1398 0.0828 0.0677 0. 6590 0. 0507
M13 0.1216 0. 0070 0.5707 0.0931 0. 2076
M14 0. 1046 0. 4027 0.1613 0. 2446 0. 0868
M15 0. 0884 0.2373 0.0766 0.0712 0. 5265
M16 0.0731 0.1269 0. 5862 0.1171 0. 0967
M17 0. 0585 0. 0389 0. 3284 0. 5605 0. 0137
M18 0. 0446 0. 5591 0. 0568 0.1216 0.2189
M19 0.0312 0. 3135 0. 5542 0.0795 0. 0216
M20 0.0184 ~ 0.1785 0. 3232 0. 0800 0. 3999
M21 0. 0060 0. 0768 0. 1551 0. 4637 0. 3084
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Fig.5.1 The effects of different compound activating fluxes on weld penetration increase ratio
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Fig.5.2 The effects of different compound activating fluxes on bead morphologies
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#52 AEARRITE
Table5.2 Measure of effectiveness about every compounding

JAGE Mt oL IS B4 (D
Mi 2.12 2.00 4.12
M2 2.66 2.20 4, 86
M3 3.33 2.50 5.83
M4 2.29 1.80 4.09
M5 2.61 2.60 5.21
M6 1.97 1.70 3.67
M7 2.49 2.10 4.59
M8 3.33 1.00 4.33
M9 2.27 2.60 4.87
M10 1.95 1.70 3.65
Mil 1.74 1.80 3.54
M12 2.7 1. 50 4.20
Mi3 2.71 1.70 4,41
M14 3.33 1.30 4.63
M15 2.39 2.80 5.19
M16 2,27 1.20 3.47
M17 2.92 1. 40 4.32
M18 2.4 2.90 5. 34
M19 2.04 1.30 3.3
M20 2.39 1.20 3.59
M21 1L.75 1.40 3.15

.&IB%%J Ys Hg X]\ XZ\ XB\ X4\ XS%%‘J'fﬁﬁmﬁtp A\ B\ C\ D\ E B{]Eﬁﬁ.
B. MEFBATEAM Y, EhiEtNEA T REETEER, MUEEEERKT

MM BAER, [E15 775 AE 8 B 38 2 R A 5 R K

Y=3.09+784X,;+4.60Xs+18.0X*X,;+282X *Xs+128X*X,+13.1X,*X,
+231X3* X3+ 212X 3% X - 6.77X3* X5 - 128X * X5 - 209X * X 4* X5 + 62.7X ¥ X 4*
Xs+ 168X *X* X3*X 4

FESNE 5.3 Bior,
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EL5IHENMTE
Table.5.3 Variance analysis
BREFRR 5 F BEhE B K F
B = 10.8 13 0.818 33.79
¥ o® 0. 1700 7 0.0242
B f 10.8 20

Hep BEMAT o =0.01, FRAfEE S=0.0856, EMXAKR=09921, hEEKR,
=09843, F R {H=33.79, F(0.01,13,7)=6.410, £ F K >F(0.01,13,7), tHik7A[
RAZMERFERZETEN. BT, 4R PERMEHRT EEaEs
RUEEAER, XA H PR MR R T Er4E 21 A, B A a9 iF 0%,
HRATZ R EERUERT HEEW, mHBRPNARR. HRNLEE TR
BB, URBEEF N EMHSERR T TR, BRBRRE P EATE
PR BB OB TE B - 0.3<X,<0.45; 0.25X,<0.27; 0X,3<0.08; 0<X,<0.03;
0.32<X<0.45,

ATEEW, BRIV EERFPERMATHE T EEBENER, UER 5.1
AR 5.2 ISR HER R A matlab S A T A TR T P RE S B
THEEHUREWHERE, BB 53 (ae) Fix.

2
@

s 1 s
4o 4o
ﬁ‘/\ %? 4
bt ] He
£, ] &,
B®
4 4o
m‘ m 1
%8l &1 @3 0r 05 05 o7 o3 05 % 076 53 o4 05 a5 o7 0f o8 1
AMED ¥ B IR ESH
(a) AMEFTGZEHROEN (b) BMELFLZEURMER
(a) Effect of A on the peneral results of (b) Effect of B on the general results of

compounding compounding
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Fig.5.3 Effect of flux on the general results of compounding
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RERTBRERMSEE D, ENSBRHELBISTFHKR, B D S EMMIEEFM
BOR b2 W5, A1 RBE E & BAEIEAMSCE LR MM OB BB,
BT SEMBEER B S HPBELEFR X2, ST FEEAERESR P4
PEATZRHXEEAECEFATHINER, BREREAE SRS &P, &4
TERRZFNZ B TR RV BRATREZDENEE X At 2R T
AR BERBREWHRAEAE, BROWESIMORAEFRELSERN.

T EmeHERALE s, B A: 40%. B: 20%. C: 8%. D: 2%. E: 30%4ME
BEEA M, #HTERE. ARBIMESRTEEES, BON 644, Hbmummm
k384, BEAEMES N 2.6 4. BILARH#—SIEET XTI HNESSEEE
LURERTEMREEE. WRACH ISR R LB 3 MEdEh R AT iR
Bid%, KB 3 £EENAPREDFN: 254MPa, 246MPa. 230MPa, I Y
243 MPa, AEIERPHHIILSRE(259 MPa)i#) 94%.

5.2 KB/

RABHRHEE TR & SRR L FNE AR R, £ SRR
00 BRSSO BVHOR IR AT ARG PEFRC TS, I T AR AT — 2 WO F BOW e 5 AT ARAL B, M
1M 75 B Fh 22 & 2R TE IR A

HERATSATENMNZ RIEEETEER, FAXEXHERATENERTIE
K BARR, FENEETHRENMEERR.
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1. RRABKERFETUEERETESSRY, FrEr-ReREER, BERFIEM
EiF, MEKLRENER. £RSSBLRERY—BBELEN, BHE S 45-50mgmm
Ef, WHRESSEERe.

2. KRR —REER LRSS S, WRRBERTEREL IS WM,
Hp ®ADFEHRNB RS HE, NiCLIEHERLRENAEBIELE 300% AL, &
AEEFLEFN S HREE AL REBRAEMER, BRSBEREH 900CELNE
PR BB R IAE B K

3. RABSERNRLTREN, b TEEANNFEENSEHSRERESELZ
RHRAREFHAR, BHEESHESBEREHTE, BERERERREEELZ
BEEHREL. ARRBRAEERSNEER, RABENZBMGTEER, TUAE
BeREFHH R LRHLERE. JRAACEERLE, RAKA(60%Zn0+40%MnCl,)
BB LHITHRESRE, TUBIRERIAK, H0EMIRS.

4, EHRTIZ2EF, SHERLBEML, FHELEEELRENERERE, #H
YRR AREH, SHELBRERK, BEREFERR. Bit, £ERKEHAE
FREGT, KABERLETHRETURRMFEEEEAR. BE, RBEFHERL3E
TR S KRB R 4 BT IR R BN LA A R 1S RS,

5. MnCh IEHER 488 558 18 2 1R AT AR iR Tl @ 1R 42 12 8200 300%; IR
REMTEALEER 12VEE 17v: IlMREXREHENKSEHER; HlEFR
FEBL BRI 1500~2000K. KA ZnO TEHBZIEER, BEMFETREREL
1850 120%, RINEES 12V HE 13V, BIUBER BN TR S8R L 2
HEBLAER.

6. XAV RERTESSHERLFHNNE ST &, BRME R IFHEHE
MK, E—RIIVKMERM EXRAETRE, B3 THEAEMNEENRY. X8
BEHERE ST HATIRE, AU LU iR v DA RS i A i & .
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