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Fig. 1.1 Schematic illustration of mechanical balance and energy balance in GMA welding process.
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(1) Ar GTA with mild steel (i1) Ar GMA with mild steel

Fig. 1.2 Effect of iron vapor from molten electrodes on argon arc plasma.
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Fig. 2.1 Schematic illustration of simulation domain.
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Fig. 2.2 Dependence of vaporization flux on temperature of iron.
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B, ﬂﬂ,Ahiﬂ—(Mmmfmiéﬂéﬁﬁnkéﬂtmﬁf JEEERE D, DER A
FHIHAR B LUIT LI TH Y, RAFHIMSFDOTLEERL TS, Br, Ll
HEm L TlITraay, ~Uuh, KK, ERK, BE IKBEHAFERL QTR LT 1.2
~1.543 OEHOEMEE 72503, £ OEBRT —FIZE I FEHHEE LT Br, = B4, =1.385
FRELEY. ZOERPRIZEREYS ZFEOBRICES E THEMICHENEL O, &
BT 70T NMILELTWH EEZLND.

24 [RiER L UBETomE
LT —r FI X<, T—7 TR LG, TNENTOIRAF—ORZIZE
T, TWENTELTWLHAREZER T OLENDHDH. £IT,
fati: Fy =—eal* —|j|éx +1jilVi + pVash, +U, (2.12)

B F, = —eal” +|j|¢, (2.13)

DIZRANF—=NF U RAEEFNENMTMAD. 2T, Fy, F A3fnFhElRims X
UBBRBREIZISIT B T RIVX =T VR, el IBHE, a ZAT 77 - RV~ U ER,

Px, 94 FENTNRIRE LOBBOLHEREE, V377 XA~ HAOEMEE, pVyh,lE
Wi L L COABGEIZ W TIE 25 BilZiEiR), U 37 —27 77 Ao OBEHIZ L 5
ABTH 5. T A HAOBEMELV, X, BME LOSFATBEEIISCLTTI VI DE
BEEIT 15.68 V B L OSEROEBEETL 790 V BRI T5 Z & TV, #IRE L. 7T—
U TGRS DOHEHC L BABU, X, T—27 77 X hbRAET BT R ¥ —
DO H RPN ENE DL, ZOWRRENETIAX—%U, & Lz, &
BREOHE, QAHROTINF—GAEOSALSMNIEBRTH O OMSHAK, BFHH
WX AmH, FELEA A OBMBEMNE, BiHE LTOABRDNOANRT AL TND
ZEBREZINTNS. —F, BRREDOHGH, QAARDTRAF—RIFOZELIMN
BRI 2> & OFHAR L e B O EBEBICHY T 5ETORT vy L= RLX—
DZOWNRFT AL TNA I EMIUESIS. BB, BRIZBWTOLETERE A A
BRNB 2 ICEEEINDD, ZHUIKKRDY Fry— KV - Fyva<w  OBEFHHE
REERICESWTESRESND 2.
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ZITC, kgAY < U, ABBBMEHKEFET 2V F ¥ —FY UERTHS. A
FBR A =j-j. L, E =i+ & T 5.

25 UA YEROEE
U A YYAREE V), 13U FIZR9 Halmoy DI TR S5 239,

1 .
VM=—(HA +}’0L'J2) (2.15)
Phy

ZIT, pRYAYOEE, h, 3VAYRIGOT AN —, HJIT—7 77 X~h
HUA T ~DOEEE, 7ol 3V A YOBRBE, LIIVAYENLE, jIXBREETHD.
RIS TRT I, TAYEREEV X7 —27 77 X< bOBEEB LV A ¥ T
DY 2—NREILL > TRED. TAYEMOT I FNE—h, 1T, T4 VICBWOTRAZ
BT EROEH = I N =L Lz, T—7 T XAhbUA Y ~OBEEH 13(2.4)
RBLVQBYRTRLET =27 7T X=nb U A Y ~OBYRE L B RAIIL L DINED
fTHb.
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NOFBIRIZH 22 5. Zhik, & TBTT 2B P ERRECREREICER L
BRic, ZERMITCHGICIER S Z LA RBLIZLOTH S . A0 BRI T A YR

D 6~T7 & AEE L= .

2.6 MFEEER ZIRTTEFRE T BT 2 EEEE OBR

AHFZECLI M EEAZ R IR TR OET L & LTEH > TWH DT, EERICEEER
EZET MEATL Z LIXR#MTHD. £ 2 C, BENRRICETEREOR T, Mo
RITCIEESANELLBRENDI LD E LT, FOREZGHEROEDITHNEL R FRIL
F—ZHHEL L TCRAARNLELSIK ZEICE ST, BEERES T A—FL LTERY
ANBZ L aAREL L2, WEEEIT 30 cm/min & L7z,
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[ =2 BLOTERB 2T 5. [ =X TEFOFHEBHITEREEDE I THY,
WHOWLER—AETER L TNE LD ERE L. —RFEETIE, BREmEm» O K
SNTEFHERE T —RAEEIL Lo TNEEIND D E Le. ZOV—RFERTAE
U5 BEIIEAEROEFHHE T HIRE L R CIREICR DO DT XN F—IEhRE
ELTRELE . 7ok, HABEROBTIRERD, HTVEMHEEZEE LT, Fig. 23 D c
REDEPELVHOLRELRE ™. TV 13+ ~%E m BEOEXTHY, &
F, AF, FHRIFREDERIIAEL TNEHLOD, EF LA T OBEEZENGZER/
EBWMAREEL, 77X bRBEREIZEIT TR IZEREES N 25K E LTHRE
L. ZORFBEBRTELIBEL, BFERORESEMOI AL EREMRT 57
WHLEREEEL LTREL, QISHANLEDPND A A ER j ICESHTRD-. Lk

A
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\ 4
c /'y /Y
Cathode | Boundary layer
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b X
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Fig. 2.3 Schematic illustration of sheath region.
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D —ABELEREEEOMZBREBETELEE LTHEL, 77—/ BREIIMA .
2.8 BEREMAR X UEEHETRE
2.8.1 EREH

ARFFRD & 5 2BHEHES I 2 L—3 3 VTR WT, BREGIIEFICEER &S % FF
S2LDTHD. BREMEE LT, Fig 2.1 OFEFEEIMIAAF, FD, DO)IX=IR(GB00K) & L,
C=0%&95%. JENZ, 4%, BMEZRFHERISIMUAF, FD)TIIRRET €L T
5. £, HEERTHOOICBWTEMIIE e & +5. FOLEIAC) ClxEix#z I E L
TWB=®oT/or=0, aV/or=0, v, =0, dv,/or=0BXC/or=0Tdh 5.

MM CiIinoEEII (v, =v, =0)2795. 727201, BMICBWTREA1750 K)LLE
OFEETITHENBEL D DL TEH. —FHUA YT, UA vEkhsE 285 m omE &
LTHZBIET, VA YERICLDBENMMOE(EEZEREL TS, £, VA TR
MANCIISAROBREIIER(C=0)27 5.

282 W7 —%

AR THNZT A YL OEM OMHEIEE Table 2.1 12777, 2 b OHHEAEIIERIC
WIFELCET D, e, REETAFARICIBWT, Pl T7 — 27 B2 1T 554,
SRS ERRT LA R L <BEES. BERAOOEFVBHINDE, RBEREORL
MRS - BRE SRS, ThEe 7 V—= 7R LIRS Y. KESEBEL TS
Baame L CHWES, BRRmEICIIEMEEL 7V —= 0 VSN ENRETH T L
PHEEIND. LMLAads, SROMAFERK4.60evV LB L, BR{LEKDLHREE3.85eV
HEVME L 2> TWB TS, BMEE OEEMICETSKIEESNS . 22T, XETV
T, 7—7 HEFICEE»LBHEINDE L, TN THEEEROEOEES b i

Table 2.1 Properties of welding wire and base metal.

Density (g/m3) 7.85%106

Thermal conductivity (W/m/K) 30 ~ 73

Electrical conductivity (A/V/m) 8.00x105 ~ 1.00x107
Specific heat (J/g/K) 044 ~ 1.04
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Fig. 2.4 Dependence of properties of argon gas on temperature for each mixing rate.
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oDk HiE, T—7 7 AvOYHEEZRER T CRIGAEKDOEREICHEKFEL TR
D, BRKDOEAZEN 0mol%, 1mol%, 10 mol%, 20 mol%, 30 mol%, 100 mol% e
OB E L, 7T — 27 77 A< RFTEEHI(LTE)RREL {E L, Chapman-Enskog #T{Ll
REATHZL T, EREOBARICBITS TSI X~ EEHEH L Y.

2.83 BMEHAFE

AETFTNERWEFHEFEIa Y ba— AR Y 2—AEGSIMPLE ) TH Y, Zhiz k-
THER LEHEE1TY @ AIIOAD E LT, T4 VYRIRCERE, BHLE, i, S
D¥AR), T—I K, BMBRCERE, EX), DMEE, BEER, TARE, BEEELE
25, ZOEIIT, KETFTNTIE, EBEOBEELZITOBRLIFROBDATIIRT A —=FDH
THEHES I 2L —va U EITRA.

F9, QXL VBMNBRRD LNE, 26)~QI)XIZL D BMBEEL XL UBGEPHE
ENB. FOBERDBIVEIHRNIVFGHE, QDAL EARGE SN TREESHE L
2%, QAHRICE Y = 2N e—(REPHE SN, QIORICL W HERRBRENHEIN
5. LT, BONHRENMEAWVTEBF RIS 2MEEREZ oD, ZD—E
DHBEZRE LTV, TRCOKTRIZBITHENM, = FLe—, Jil, [FH, SEK
B LFIEOFNZTROHERER L OB 1| %L TIZh o7z & 2 A TR & Hlr L7z,
HEETANLOHMAE LT, RE, HE, &, BN, SEKBEZEDO ZRITHMIBE
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ERRLHBR L TROTWA,
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Fig. 3.1 Simulation result of distribution of iron vapor concentration and temperature in GMA

welding.
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Fig. 3.2 Simulation result of distribution of Fig. 3.3 Simulation result of distribution of
electrical conductivity in GMA welding. temperature of the wire in GMA welding.
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Fig. 3.4 Simulation results of distribution of iron vapor concentration and temperature in GMA

welding with each iron vapor source.
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Fig. 3.5 Simulation results of distribution of iron vapor concentration and temperature in GMA

welding with each ration power density of iron vapor.
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Fig. 3.6 Simulation results of distribution of radiation power density in GMA welding with each

ration power density of iron vapor.
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Fig. 4.4 Current waveform in pulsed GMA welding.
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Fig. 4.6 Integrated intensity along line of sight.
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Fig. 4.9 Intensity distributions of Ar I and two dimensional intensity distributions with Abel

mnversion.
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Fig. 4.10 Dependence of intensity ratio of Fe I (537 nm)/Fe I (538 nm) on temperature.
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Fig. 4.11 Temperature distributions and intensity distributions of Ar I (696 nm) and that of Fe I (538

nm) in GMA welding with globular transfer.
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Fig. 4.12 Temperature distributions and intensity distributions of Ar [ (696 nm) and that of Fe I (538

nm) in GMA welding with spray transfer.
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Fig. 4.13 Temperature distributions and intensity distributions of Ar I (696 nm) and that of Fe I (538

nm) in pulsed GMA welding.
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distributions of Fe I (538 nm) in GMA welding with globular transfer.
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Fig. 5.5 Comparison of experimental and simulation result of cross-section of penetration in

high-current GMA welding.
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Fig. 5.6 Simulation result of distribution of iron vapor concentration and temperature in low-current

GMA welding.
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Fig. 5.7 Comparison of experimental and simulation result of cross-section of penetration in

low-current GMA welding.
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Fig. 6.1 Flowchart of calculation for the model with constant voltage power source.
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Fig. 6.2 Simulation result of time variation of arc length in high-current GMA welding.
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Fig. 6.3 Simulation result of time variation of welding current and arc voltage in high-current GMA

welding.
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Fig. 6.4 Simulation result of time variation of heat input into the base metal in high-current GMA

welding.
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Fig. 6.5 Simulation result of distribution of iron vapor concentration and temperature in

high-current GMA welding.
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Fig. 6.6 Simulation result of time variation of arc length in low-current GMA welding.

500 - 70
- 60
400
- - 50
S’ ~—~
k-9 LS
2 8
2 30 3
= Arc voltage -
2 Welding current 9 -
100
=10
o4t 1 L 11 0
0 50 250

Time (ms)

Fig. 6.7 Simulation result of time variation of welding current and arc voltage in low-current GMA

welding.
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Fig. 6.8 Simulation result of time variation of heat input into the base metal in low-current GMA

welding.
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Fig. 6.9 Simulation result of distribution of iron vapor concentration and temperature in low-current

GMA welding.
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Fig. 6.10 Simulation results of temperature distribution of the weld pool in low-current GMA

welding.
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Fig. 6.11 Experimental result of time variation of welding current and arc voltage in low-current

GMA welding.

ML



Ar
224.9A, 20.0V
6.0m/min

N
'S

Axis (cm)

N
o)}

2.8

0 0.2 S 06
Radius (cm)

Fig. 6.12 Comparison of experimental and simulation result of cross-section of penetration in

low-current GMA welding.
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Fig. 6.13 Simulation result of time dependence of arc length in GMA welding increasing setting

voltage.
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Fig. 6.14 Simulation result of time dependence of welding current and arc voltage in GMA welding

increasing setting voltage.
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Fig. 6.15 Simulation result of time dependence of wire feed rate and wire melting rate in GMA

welding increasing setting voltage.
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Fig. 6.16 Simulation result of time dependence of heat input into the base metal in GMA welding

increasing setting voltage.
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Fig. 6.17 Simulation results of distribution of iron vapor concentration and temperature in GMA

welding increasing setting voltage.
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Fig. 6.18 Simulation result of time dependence of arc length in GMA welding increasing wire feed

rate.
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Fig. 6.19 Simulation result of time dependence of welding current and arc voltage in GMA welding

increasing setting voltage.
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Fig. 6.20 Simulation result of time dependence of wire feed rate and wire melting rate in GMA

welding increasing setting voltage.
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Fig. 6.21 Simulation result of time dependence of heat input into the base metal in GMA welding

increasing setting voltage.
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Fig. 6.22 Simulation results of distribution of iron vapor concentration and temperature in GMA

welding increasing wire feed rate.
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Fig. 6.23 Experimental result of time dependence of welding current and arc voltage in GMA

welding increasing setting voltage.
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Fig. 6.24 Experimental result of time dependence of welding current and arc voltage in GMA

welding increasing wire feed rate.
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