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Chapter 1
Introduction

Chapter 2

Arc behavior in ultra—narrow gap and proposal of stable welding process
(1)Characteristics of arc phenomena and bead formation phenomena in ultra—namrow gap
(2)Proposal of GMA welding process with oscillation along grove wall by using low

frequency pulse current
Chapter 3

Analysis of non—steady wire melting behavior in low frequency pulse current
(1)Non—steady wire melting behavior analysis by FDM
(2)Correlation between equivalent anode melting potential (¢ ) and superheat temperature

of droplet (AT)
Chapter 4

Development of GMA welding process simulator and selection of welding
conditions in ultra—narrow gap

(1)Proposal of numerical simulation system for GMA welding process

(2)Selection of the adaptive welding conditions by GMA welding process simulator

Chapter 5
Development of GMA welding process with synchronized

control of current waveform and wire feed rate pattern
(1)Improvement of GMA process simulator for cyclical variation
of wire feed rate
(2)Proposal of GMA welding process with synchronized control of
current waveform and wire feed rate pattern
(3)Control of penetration shape

y

Chapter 6
Development of GMA welding process for
improvement of absorbed energy of weld metal
(1)Control of arc behavior by shielding gas composition
(2)Proposal of GMA welding process periodically

controlling shielding gas composition
(3)Improvement of absorbed energy of weld metal

! !

Chapter 7

Conclusion

Fig. 1. 1 Flow chart of the thesis
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wire feed rate at ultra-narrow gap.
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Fig. 2. 14 Relationship between width of gauging region
and welding conditions in CO, buried arc.
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experimental results in ultra—narrow gap GMA welding.
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Fig. 3. 6 Correlation between wire extension and equivalent anode melting potential
in various superheat temperatures.

ZHLESILEZ33HO-RERGBEI I 2L —2a il ETI.ETHDITAT R
KREL. ATIZHLTOZ2ELEATEHLESILZ25EL L EoDBFEERD S, KiZ. &
BTHONEEHLESIEEAEIFELL LD 0% RD. B, ¢ EATOMEFKEERD 5.
B2, U1 Y 1.2mm O MAG BHEERMRITB W T, I= 346A. vy= 209mm/s DK IZ1d
TAYOERMEHEHLEIIXL,=192mm &2 572, KIZ. AT=0. 300. 500K DENF
NOFEITODVNT O ZE40~TSVETEATEHLESIRZREHT . #ATICHLTHESN
574 VOEHLEINEMBELFLLIRZ0DHEEZRDSD L&, Fig. 3.6 ITRT LDIT, £
NENG=53. 6.6. 74V &R D, BEBHRIHLTOEATIZER. D5 —F0OBEND S
ZENbho T,

LEDESRLTHMOBRMBMIHL T, ¢ L AT OHBEMEBERD B I ENTES, ¢
PAT XCDWVWTHEADHEZRD D ZEEZTERVN, UM VYBAMEHBHICBNTIZI O
ATZ2ENETNICRKRDIZVLEBERT RS . BRICHLTOEATOHBEGEMAZL THRITE

Table 3. 1 Welding conditions in experiments to estimate the correlation between equivalent anode

melting potential and superheat temperature in MIG, MAG and CO, welding.

Contact tip ~ base metal ~ Shielding ~  Wire  current Wire feed rate Wire extension
distance L; (mm) gas d (mm) 1 (A) V¢ (mm/s) L (mm)
25 Ar+2%0, 1.2 261~363 115~198 182~18.9
25 Ar+20%CO, 1.2 257~346 137~209 192~204
25 Ar+20%CO, 1.6 207~414 49~122 17.71~225
25 CoO, 1.6 287~409 81~129 214~222




Equivalent anade melting potential @ (V)

Equivalent anode melting potential @ (V)

HLULESLZRDDZIENTES,

T, A HETMIGERE. MAGHR:, CO, 7 —JHBEBIZDWNWT Table 3. 1 ICRT
FBETHREBEERZITVWOEATOEBKRZRDZ#HEZ Fig.3. TR T XS5ICRAKPIC .
AT EBRICDODVWTXEEZ 7Oy b L& 1523, MAGHBHE® CO, 7T —V7HBEIIODVLT
DHEFIDPB VN BRBBEAOZNTAVYEI2mm D MIGEEIZ DV TOXHKMETRI.
GIX 3.5V 5 6.5VIZ, ATIZ 150K M5 1K EFTRELESEDWTWVWS., LaL. B
RTRETZ20 - AT HABROEAD S RETEEMNICHARR LICEEL TVWDERART
ZEMTES,

TAYHE 1.2mm O MAG B E MIGBED ¢ -~ ATHRZR —-—OBR THET 5, AT

:.(5) _Mlé,,r,ﬁ..,..,’%@# E ?, :.(5) .......
" EWire diamter : 1.2 mm ! oS o
80 30) ok 1z E 80 F _-
75 3 Zhun) Nemchmsky‘ 80! X 3 = 3
3 I=150-350a__' " - - N
0F @ 3 § 70 E
3 Waszink 3 3
85 ¢ 7=150-300A * ook Q 65 W
60 F (Spray) e 1217 w0 60 F John H. Dennis
E Haimoy'® ® i £ F 1=175-204A
55 E 7=207-347A g 32 3 = 55 \ 20 9IMAr+5%CO,+2%0, 3
50 :' Waszink £ 50 Ueguri 3
3 .30) 7=150~300A3 E Pulse MAG (£=125Hz)
SE ) ?:T‘%’R"Sky (Globular) o 45F 1=208A E
E 3 =4 X 3
40 g Maryg 260 eneaster Nemchinsky ") = 40
5F 1=250-350A 1424 ERE ed 3 1
o f ¢=-0.295+0.0234 /-3.12x 107 i 230 . E
25 F +-000175+2.70 % 107 7 -3.18% 107 / z)x AT 3 g 25 F ¢ = 3.99+0.00355 / + (0.00133+8.05x10" /)x AT 3
20 F T PTPUE PP PUPIN TP PUTTT PUTI PPTTE T PUTTT FRUTT e 3_2_0 TP PRTYE FYTHN PETIN FUUWY TYEVE PUTT FETTS PRTVE FUUI FRTIN FPUN
0 100 200 300 400 500 600 700 800 900 1000 1100 120011)0 w 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
Superheat temperature AT (K) Superheat temperature A T (K)
(a) MIG (1.2mm) (b) MAG (1.2mm)

9.0 PP
8s E CO,

8.0 | Wire diamter : 1.6mm
75
70 E
65 F
6.0 E
55
50 F
45 3
4wk 3
35 F 3

30 3
25 E ¢ = 452+0,00231/ +(0.00184+523 %107 J )x AT

20 E....j‘, [PUTE FUUTE PUTEY FUTEE PUTIN | laaaabosagdosaaloagyd 20 E‘ Lssisstosssbosssdosasl 1 L P TP N baasadanss

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 {300 0 100 200 300 400 500 600 700 800 $00 1000 1100 1200 1300
Superheat temperature A 7 (K) Superheat temperature 4 7 (K)

(c) MAG (1.6mm) (d) CO, (1.6mm)

45 Maruo 25) E
40k 1=250-300A
35E 3
30F ¢ =2.36+0.0137 /-1.63% 10 / _
25 E +(0.00206+4.08x 10° /)X AT

Equivalent anode melting potential ¢ (V)

Fig. 3. 7 Correlation between superheat temperature and equivalent anode melting potential
for MIG, MAG and CO, welding.
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Table 3. 2 Welding conditions in experiments to confirm
the range producing p-AT correlation.
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Fig. 3. 8 Comparison of ¢ -AT relation reported from experimental results with ¢> -AT
correlation proposed in MIG welding.
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Fig. 3.9 Simulated results of wire melting rate and wire tip position
by non-steady wire melting model.
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Fig. 3. 10 Temperature distributions along wire extension under low frequency pulse
welding conditions.
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Fig.3.11 Measured results of wire tip position and current by high speed video camera
and digital data recording system.
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Fig. 3. 12 Comparison between simulated
and experimental results.
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Fig. 4.1 Equivalent electric circuit in ultra-narrow gap GMA welding system.
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Fig. 4. 14 Arcing behavior between groove walls (Wire diameter 1.2mm).
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Fig. 4.20 An example of flow chart to find out adaptable pulse conditions.
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Fig. 5.3 Flow chart of GMAW process simulator in case of wire feed rate changes.
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Fig. 5.5 Definition of phase shift between pulse current
waveform and wire feed rate pattern.
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Fig. 5. 6 Simulated effect of phase shift on wire tip oscillation in case of single current
pulse during single wire feed cycle.
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Fig. 5.7 Simulated effect of phase shift on wire tip oscillation in
case of two current pulses during single wire feed cycle.
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Fig. 5. 8 Synchronized control welding system consisting of pulse
current waveform with cyclical variation of wire feed rate.
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Fig. 5. 16 Effect of phase shift on penetration shape in synchronized control
welding ( I-gap groove of width 2.5 mm, Welding speed 10.0 mm/s,
Wire diameter 1.6 mm, Shielding gas CO,, I, =400 -460A) .
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Fig. 6. 8 Experimental results in V-type groove with bevel angle of 30 degree.
( Wire feed rate v =163mm/s, Gas alternation frequency f = 2.5Hz )
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Fig. 6. 11 Reduction of oxygen content of weld metal in newly
developed GMA welding process.
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