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The effect of O; gas added to shield gas on plasma arc welding

for galvannealed steel

Sung-woo, Cho

Department of Materials Processing Engineering, Graduate School,
Pukyong National University

Abstract

GA(Galvannealed steel) is very well-known and wuseful material in
automobile industry because it has more advanced weldability and
paintability than Gl(Galvanized steel). However, the weldability is still main
problems for GA. Explosions and spatters formed by zinc gas of coating layer
make electrode tips and nozzles contaminated. Therefore, the life of torch is
shortened by explosion of zinc gas. In this study, the phenomenon of zinc
explosion and the way to solve the problems were investigated in plasma arc
welding. We used open-backing jig and mixed oxygen gas(l, 2, 4, 6%) to
shield gas(Ar) to avoid explosion and spatters, respectively. Ar 98% + O

1~2% mixed shield gas was the most optimal for GA.

Key Words: GA, Galvannealed steel, Plasma arc welding, Oxygen gas, Ar gas,
Nozzle, Electrode tip, Pilot arc, Orifice gas, Shield gas,
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Table2.1 Comparative table of TIG welding and Plasma welding
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Fig. 2.8 Macro section of incomplete penetration

Table2.2 New nozzle and deformed nozzles

Nozzles after welding with high current

New .
for long time
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Table2.3 Relationship between nozzle diameter and bead
New Small diameter nozzle
Nozzle
Surface
bead

223 A3E 9 P4
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Table2.4 Relationship between nozzle diameter and bead

Welding current Electrode tip diameter
Below 50A 30°
Below 100A 40 °
Below 100A Over 40 °
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Fig. 3.3 Schematic of the experiment
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Fig. 3.4 Schematics of close jig & open jig
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Table 3.1 Relationship between explosion and jig styles
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Welding mode : Non—pulse
Specimen : GA steel
Welding current : 30A
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Table 3.2 Surface bead after welding

Close )
.. Explosion
Jig
Open
iig No
Explosion

S Y.
SEERIEE

2w

Ragz) ekgrt). A9 close jigE AHR &
o] A5 § yuel ol #&HUY. o] 4
ol At wEo] o] oz AEE 540

Table 3.3 Condition of electrode tips after welding

Close jig Open jig
New (Explosion) (No explosion)
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Fig. 4.1 Specimens for experiment
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Table 4.1 EDX analysis of spatters

Unit : wt%
Component 7 Fe Mn O
Content 87.16 1.99 2.81 8.03

4449
GA §41419 MASHE 2siE o] 4 U913 34 297 231 27 A%
e 2 A2 o 5 2l

1) 594 B8 A5 ZnFo] AFA Bt T EF] AW - R W ZnF F

A A, Zngo] ek 5 EASHA e A4, ol A= Spatter7t %4 314

2) S99 #@ A ZnZo] AR ut £ 5 Al Tl A spatter} A &3 O
astg ey, el Open jigs AH8E A9 XHF9 ZnZol o3
spatter7} A S el & = AT

84 A A Spatter® TR 3he] EDX AE £4.8 & A, 87.16%7}
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How does O, gas work in the weld ?

100
Znic
evaporation

Zn(B.T.907°C) Zinc Zinc explosion

melting ) evaporation ) on weld pool
(419°C) (907°C)

Ar+0, Zn0O

(M.P.1720°C)

Reaction = Formation of = No explosion
of Zn+0, ZnO oxide on weld pool

(b) Ar+0, gas

Fig. 5.1 Mechanism for the effect of Oz gas
5349 44
Fig. 5.2& 2% 24 =& et JUth Fig 5.23 o] o} F719] d23 o]
5 #so Open] & AH&-stE ok Open jig 919l 0.5t9] GA & &

Bead on plate BHo.2 H:H7] L84S AAFlgom AJHY 84 dole=
140mmg 0.1, %532 A A sAh
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Plasma torch

Specimen

Jig

Fig. 5.2 Schematic of experiment
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- I . ,

Power Shield
SLf;igf)iy gas
T Y Orifice
E gas
¢ i 5 E.‘..«———— AI’C
Pilot gas Shield gas — " Workpiecs |
(Ar 100%) (Ar+0,) * '

Fig. 5.3 Schematic of Shield/ orifice gas flow direction

Table 5.1 Experimental conditions

Parameters Variation
Current 18A
welding speed 12cpm
Welding mode Non—-pulse
Arc length 2mm
Electrode tip Dia. 1.5mm
Nozzle Dia. 1.8mm
Orifice gas Ar 100%
Ar 100%
Ar 99%+ 0, 1%,
Shield gas Ar 98%+ 02 2%,

Ar 96%+0; 4%,
Ar 94%+ 0, 6%
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Table 5.2} 53¢ A= 7ka% *Ji H7hegol whe W wl=el
MBS ey slelth AaE A7hgel we} wE wwe) A5

ksl zlaro] 7HAES 913 4= Qllth Table 54= Ar 100% 2 873
AR Arel] 28 1% Fobl $4F AW KW M= A @

Aolth Ar 100%E AHE& A9E W= spaRes gesos

BaH AR, 4B A7hG AT Z009 YHOZ s EHo]

g0 e,

) o] ¥l= Hlw

Table 559} 562 A= 7125 24 H7bgke] W& o) Hl= 9]
WEHE Uehd Aotk AAE AUlAE ol M=ol Wt Ao gleg
el & & Usdeh

0{
-
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Table 5.2 Relationship between surface bead
and welding time (70~210sec)

Table 5.3 Relationship between surface bead
and welding time (280~350sec)

280

sec

350
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Table 5.4 Comparison of surface bead

Ar 100% Ar 99% + 0, 1%

yeveenavEar
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Table 5.5 Relationship between back bead
and welding time (70~210sec)

70
sec
140
sec
210
Table 5.6 Relationship between back bead

and welding time (280~350sec)

0,4%
280
350
sec
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dee . J abste WY
obz 2EME Ege] ¥AE 4o & U, Lol RHOE A wF
H7el it okade FANA g5 BAS 4o £ v

(1) d=He 2948 v
Table 5.7 58& 4ta #7heol w

53] &4 AA Foll= ASH AW FFe A A
&

[ T
Ae Bepzul 79 5o o] W
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Table 5.7 Relationship between electrode tip contamination

and welding time (70~210sec)

0,2% 0, 4%

0,6%

70
sec
140
sec
210
sec
Table 5.8 Relationship between electrode tip contamination
and welding time (280~350sec)
0,0% 0,2% 0,4% 0,6%
280
sec
350

sec
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Table 599} 5108 AE7hs% s Wrhdd] ohe A5 Yol Was
EFQIth Ar 100% S A18-3F ASe
SHAINF 021, 2, 4, 6% 5 AHET AT
AA pAE olmES 73EA 59
R s Rl o}xuu)r ERE
Aol 7H4 A Aoz waHEn
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Table 5.9 Relationship between nozzle contamination

and welding time (70~210sec)

0,4% 0,6%
70
sec
140
sec
210
sec
Table 5.10 Relationship between nozzle contamination
and welding time (280~350sec)
0,2% 0,4% 0,6%
280
sec
350 |
sec
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(3) =Zd BZ A Spatter®] EDX¥ 4]
Table 5112 =Fol| 724 Spattero] JE£4 A& e ot
HEZFAR Ar 100%E AHE3E Aol vhaFe] A9z BAglaL, A
2 2% FAMRE Aedde 2% 2 2T soiE e S
Aat7) el =20 2aiEle] AR 2S¢ AF Ar 100%E AF8-3to]
He =2 9] Spatter W F-F& Feal, AHAE 2% 3 7bst &4 =59
Spatter T -2 Zno|3lth

¢

Table 5.11 EDX results for spatters of nozzles

Ar 100% Ar 98% + O, 2%

Fe spatter Zn0O

/

Nozzle
appearance
EDX Zn: 1.23 Zn : 69.31
analysis Fe:91.52 Fe : 5.04
result
(wi%) 0:7.95 0:2475
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543 §48 7|2 uw

Table 5128 HE7FFe] 4 H7bgd we §35 9 7o HES
Axpolty. EHR 71FS vlwd Axp Ar 100%, Ar 9% +O: 1% <} Ar
98%+0, 2% © A+ 7)1Fo] 270 ol&taal, AAaE 4% o)A HItgh
A= 71 Zo] FA3] F7tsle] 107 o)A AT wheba] A HohEol
12% 8% H7td A9 713 oA EAHe s ke Aew
et

Table 512 Longitudinal sections of welds after 140mm(70s) welding

H The number of
Mlx.e d Longitudinal sections of welds porosity
ratio (700mm)
Ar 100% 2
Ar99%
+ 0
0,1%
Ar98%
+ 1
0,2%
Aro96% Ov
er
* 10
0,4%
Ar94%
r + Over
10
0,6%
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Fig. 54% 57239 22 A7hds olde @gobel #4% Yo
Aotk 1@ WY AAE A7 F5E /¥ F/Ee AP 1A

AT Ak 2%HE BIAAAE A
4% EE g gl FA3 BasA
5.8-9)sk ABAA B, £F WEE AL 2% Ak B 4
Aha5, §HYe &4 AFES 4 A7 AshAE

i 448 Qo Buar

Erichsen value(mm)
ﬂ
/

1 1 1 n 1 n i n 1 1 1 " 1 " 1

Original 0 1 2 3 4 5 6
GA

uxygen percentage in shield gas(%)

Fig. 54 Relationship between O, percentage in shield gas
and Erichsen value
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e ke

2) e @g mme A BEskaF ke o) 2908 2AY AE
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