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Abstract

Casting are widely used nowdays as complicated and diversified forming materials due to its
superior castability.

However the welding of cast rion has not been accompaniced satisfactory resulting in an
microstructure change happened in the heat affected zone(HAZ), especially the graphite are formed
and shaped consecutively in the area and it has great impact on the crack occuring and growth
together with martensite forming in this area.

It case of gray cast iron welding, it is required for pre-heat treatment or specific welding
consumables to restrain forming the martensite in the HAZ.

In this study, by applying the pasma surface overlaid welding, Fe-Mn-Al steel powder has been used
for improvement of anti-crackability in the HAZ and much attention has been paid to establish the
overlaid welding method for gray cast iron so that optimum welding conditions may prevent the
cracking.

With our experiments, we have found that to prevent defects which may occur in the HAZ, the

overlaid welding technique for gray cast iron has been developed.
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Table 1 Chemical compositions and mechanical

properties
(a) Chemical compositions(wt %)
C Si Mn P S B
3.2 1.1 0.7 0.25 0.02 0.03

(b) Mechanical properties

Tensile Elongation Brinell
strength (ff f’i) ! hardness
(kg/mm?) 7 ()
37 0.23 210

AHHL Fig, 19 7] 250x300mme] =712 &
thslod S mwio g ooyl 5 I EFT A A 5)od
3ol o] EAL AAEGT 1 9ol plasma surface
overlaid weldinge & 129 23845 AR]3kr},

Fig. 2+= plasma surface overlaid welding# 2| ¢]
Aekz el 44 st Bus ASEa 23}
2 (shielding gas) =Ze}=v} 7bx (plasma gas)
100% Arg AH83h%

434 Hue *97(“1 fatHo A WAElE 2ot
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Fig.2 Schematic diagram of plasma surface
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Table 2 Chemical compositions of welding

powder(wt?%)
Powder . .\
No, C Si Mn P S Al Fe
1 1.02 1 1.31 [32.94|0.03 { 0.01 | 7.56 | Bal.
2 1,02 11,37 [34,66| 0,09 | 0,04 |10, 00| Bal.
3 ; 0.97 } 0.46 [34.251 0,03 | 0.01 | 6,25 | Bal,
4 1,151 1,16 |36.93] 0,08 | 0,03 | 8,01 | Bal,
SAE o] Aze aFu fFE2eld £l
F28 F 4~5kgol YREEF nhEgirt, o) YREF
12 Al z3t7] Hsled A (water atomi-

275 gelzel geleEts

e H

_?r
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A} a7z EFsgin, Fael A7) 50~5004

3
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Table 3 Metallurgical properties of welding powder and base metal

Solidification Solidification Coefficient of Size of
Powder No texlnpgrature temp.e rature heat expansion grain
’ of liquid phase of solid phase CTE(10-*m/m) (1)
(K.t (K.t #
1 1605 1470 3.85< 260
2 1582 1425 3.167< 316
3 1619 1494 4.223< 237
4 1551 1369 2.742< 365
Base metal 1440 1260 2.72 368
Table 4 Standard welding conditions of plasma surfa¢e overlaid welding
. . . Speed of
Weldm(i)current Weldm(gi/;/oltage Welc(i;gilzvls)peed shielding gas
(CFH)
300 22 2 20
Speed of Speed of welding Speed of torch Width of
plasma gas powder weaving weaving
(CFH) (g/min) (IPM) (inch)
3 40 7 3/8
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Table 5 Chemical compositions of gray cast iron and Fe-Mn-Al steel ingot

Kine Components C Si Mn Al Mg s P
Gray cast iron 2.40 1.20 0.80 — 0.05 - -
Fe-Mn-Al steel 1 1.02 1.31 32.94 7.56 - — —
Fe-Mn-Al steel 2 1.02 1.37 34.66 10.04 — 0.042 0.092
Fe-Mn-Al steel 3 0.97 0.46 34.25 6.25 ° - — —
Fe-Mn-Al steel 4 1.15 1.16 36.93 8.01 - 0.036 0.081

KiEmBREs, $£84% 43, 19904 12A



7.56
8.48
8.68
6.25
6.45
7.06
0.14
0.15
0.12
0.11

Al

32.94
31.99
31.75
34.25
34.06
33.24
0.079
0.081
0.074
0.074

Mn

2.95
4.21
4.82
3.31

Al

Si
131
0.69
0.39
0.46
0.48
0.43

15.4
19.72
19.82
19.33

Mn

1.02
0.97
0.93
0.97
0.98
0.96

Si
1.08
1.01
1.06
0.78

Components
S0u

2504
<80u

Fe-Mn

Al steel 1

Al steel 3
<80u

2.05

1.70

1.70

1.78

Mn-
125
125~2

Fe

Components

Kinds
Ingot
Powder
Ingot
Powder
Kinds
Fe-Mn-Al steel 1 1st layer

40

Table 6 Chemical analysis results according to powder size

Table 7 Chemical composition of weldmetals

Fe-Mn-Al steel 1 2nd layer
Fe-Mn-Al steel 2 2nd layer
Fe-Mn-Al steel 3 2nd layer
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Photo. 6 Microstructure of cross section in the single
layer weldment x 200
BM : Base Metal
HAZ: Heat Afected Zone
FZ : Fusion Zone
(weld metal)

Photo. 7 Microstructure of cross section in the single
layer weldment with crack appearances X
400

Photo. 8 Microstructure of cross section in the
multilayer weldment X200
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Photo. 9 Microstructure of cross section in the
multlayer weldment (in case of large HAZ
area) X5H0

FZ

Photo. 10 Microstructure of cross section in the

single layer weldment(in case of small
HAZ area) x50
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Table 8 Tensile strength of Gray cast iron and Fe-Mn-Al steel 1,2,3

Ng:;;t?g:l Yield strength Tensile strength Elongation
Kind (KSi) (KSi) (%)
inds
Gray Cast Iron - 30 -
Fe-Mn-Al steel 1 — 52 —
Fe-Mn-Al steel 2 - 30 -
Fe-Mn-Al steel 3 83 91 25
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