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Variation of Microstructure and Hardness of Contact Tips during GMA Welding
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Abstract

Contact tip is located so near to welding arc that it is heated to high temperature during long time welding. In such
a situation, tip changes in its microstructure and in turn its mechanical properties. This study was intended to
investigate those changes by using simulated heat treatment. As a result of this study, it was confirmed that tip of
Cu-P alloy hardened with severe cold deformation lose its initial hardness to a large extent within 60 min due to the
occurrence of rapid recrystallization while that of Cu-Cr composition hardened by proper aging treatment can preserve
its intial hardness for about 1,000 min or longer. Based on these results, suggested was a guideline that can classify
contact tips into two different grades: deformation-hardened type and precipitation-hardened type. Following a guideline,
a tip with Cu-Cr composition can be classified into the deformation-hardened type if it is in the over-aged condition.
Such a guideline is well described.
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Table 1 Result of chemical analysis for contact
tips used in this study

Composition(wt.%)
Identification Hardness(HRg/Hy)
Cr P
Cu-P - 0.016 63/136
Cu-0.25%Cr | 0.20~0.35 - 65/138
Cu-1%Cr 0.8~1.0 - 78/151

]— Diffuser

\ Contact tip

Thermocouple
Temperature /\ l
Recarder

—

fe——— Nozzle

Fig. 1 Schematic drawing of temperature measure-
ment of contact tip during GMA welding

Journal of KWS, Vol. 22, No. 1, February, 2004



GMASAE 5 ZHEHY Az} ZAxs) 45
gt Azt mE Az WstE s 33 8t o
< 500g2 s, wARAe F2 B8 )7
AR e, oA odlehE 120ml, ¥4t 20ml, *1]3 o 1%
3t SmlgdoR St AF FE A AlH g
tialAl= SEM(Scanning Election Mocroscopy)® gloo
EDX(Energy Dispersive X-ray Spectroscopy) & = o
o nAGE BY 3 .
14 pi=s ) . /...
5. AE - ,
1 10 100 1000

T29) ofAgel wEHo 7K
Hoj, O& dHoRE EX AoER FHY Hol 4
Zhdet. ol g 7t B wizo] HAGE | oj2W F
HER] 2x A fAHE Aot o A
B Fig. 294 BoFa sledl, ol =3¥a 84
7} B3 $HEXE AHSstm, &-AF 2504, €4
A9t 30V, CTWD 20mm¢l 274 gel &= ®isg}
£ 343 ZAFoltt. &30 AFEE o 2&=v ¥4

3 e, o 302 Axrt ARshd 5];_&504
450TH2o =238l o|F AL fAES &

ach. A JldeEE $PARIE F/1LSE, CTWD
7t Ae5% kel Aed'® 2 dFee 1@
3 7K 24 g dide g gt mekd B A7)
He &30 AgHEe %o* ZHEYo] YT L%
(450T) M A= 48E 7Hsta, o8 A7

2 ol BolAR 4N ol
32 PlEME ZeEg

2
I
oo o
A
2
30 o

800

o
o
5 600
2
<
b
=) a2l RV L T LT T x
E 400 S
[_‘ : ]
L 3
20049
-
ol |
T T T M T Al T T T NN
0 50 100 150 200 250 300
Time (sec)

Fig. 2 Temperature variation of contact tip in
GMA welding at 250A
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Fig. 3 Hardness variation of Cu-P tip with he
at treatment time at 450T
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Fig. 4 Microstructure of Cu-P tip: (a)as-received
condition, (b) 450C/60min
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Fig. 5 Hardness variation of 1%Cr tip with heat
treatment time at 450C
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Fig. 6 Microstructure of 1%Cr tip: (a)as-received
condition, (b)450°C/300min, (c)450°C/3,000min

Fig. 7 Microstructure of 1%Cr tip: (a)SEM image
of Cr paticles and (b)corresponding Cr

Mapping image

Journal of KWS, Vol. 22, No. 1, February, 2004



GMASH ¥ Y EHS Az Z=ds)

47

ojAte] A¥AITRE 1%3ASFHY AAAF L o
S Zo] £33l E F Uk 1%2ETHE 7
g} @t ola} Fe] 7R 2 B4 e 2EY
Aol 9g ME&7dsle] oME Axrt dHe As
olt}, o]&g ABE LI Fo| AW HEF F
A TEA HE Qb o] A dild =3
< JHA "ok ol¥@ Az NEstass 4y
Al A BAE P HH dAE 2o ti F
2EA mAg 28 AAF el 71A] el AEsA
"}, uebd 1%ZETHE Agitsd Hg A4dld
Aert golAAl e Aotk aglxa AlEAE ]
ARE 2E NEEEL 77§ Fopx BN
A E B & FE QAT AR A=
A4 BRLIE AN ESEEoT. o3 AHE §iF
d "ol B A1E FIY3PHA 450C GAYE At
A @ AQd, Fig. 59 AR2HE & F x| F7t
A A &ZEE e ok ojy@ AR 1%3
£599 2719 AE7E dgelelA (underaging) %
ol AR A& om3itl. Fig. 5914 10% @48
Al ezt "ojzl 212 7AEsE AW Blo] 3Hd| o
g Aoy, o|Fdde rla7dsd i ABY A=
(site)7} B7] wWEol A2 &7t main, AEEd
oJ3le] APl Ao HFx2 o] HAZt o
2 Axrt 24 H1, o 300% o|Fo AFEe 8%
&xr) v ZAE7A0 AAEAY. < 20008 o F
o F43) Z=7} AstE AL Fig. 69 (c)9F 2ol ¢
237 Age] Zuistd 71918k

34 025% 325 ZEH

fm

El
=]

Fig. 8¢ 0.25%3859) A% WsE 9945
o] a3} Hl@aled Yeid Aelth. o 60%l4 2
AERT fAlsPI 1/2018k2 ARs} Aasdt 2

()

i)

—=— Cu-P
140 —#—Cu-025%Cr

— —
(o] h)
(=) <

Hardness (Hv)

©
<

60

1 10 100 1000
Time (min)

Fig. 8 Hardness variation of Cu-P and 0.25%Cr
tips with heat treatment time at 4507C
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Fig. 11 Hardness variation of 0.25%Cr tip with
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Fig. 12 Microstructure of 0.25%Cr tip for aging
time after solid heat treatment: (a)after

annealing treatment, (b)after aging treat-
ment of 450C/2,000min.
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