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Abstract Overlay welding affects the chemical components and weld hardness by dilution of the lamination layer
thickness, which determines the surface properties. This study experimentally investigates different numbers of layers
for overlay welding monel materials, which are anti-corrosion materials. The Fe content, weldability of the base metal
and monel materials, hardness, and surface flatness were examined. Each evaluation was carried out after overlay
welding with three layers on the base material and pipe base material of the plate. The Fe content was evaluated
by analyzing the constituents of each layer. The Fe content was satisfactory in the three layers. The weldability of
the laminate specimens was evaluated by a bending test. The hardness and bead flatness of the laminate specimens
were evaluated by micro Vickers and 3D measurements. The hardness was highest in the heat-affected zone with one
layer, and it decreased with increasing lamination. In the case of bead flatness, there is a sharp difference in the
deviation with increasing numbers of laminations, which should be considered carefully.
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Table 1. Chemical composition of A216-WCB

C Mn P S Si
0.30 1.00 0.04 0.045 0.60
Ni Cr Mo Cu \
0.50 0.50 0.20 0.30 0.03

22 BFNM=E

oWdlo] S-ANEL Ed(Monel)e] HEHQ =
< Monel 400°]™, Ni 60~70%, Cu 26~34%, =L 2]°|
2% A, U A 58 etk Nig AAgE )
gk Aola, B Zurt Alsh WAAS aste
ZAEZA BE7F theksith. Monel 4009 TS
Table 2¢ YERSITE

AT AFe SHARE AAE] A3l eolo]
o] FHA EAY of= M #A T oE A F
o] AExojof g}, wek ewo] 845 B3 A=
o oA Ax A7HE AddolA Fag Fito]|BE o

£ ngsh] e otk

B

Table 2. Chemical composition of Monel 400

Ni C Mg Fe S Si Cu
28.0
63 0.3 2.0 2.5 0.024 0.5
-34.0
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Table 3. Evaluation items of wire materials

Evaluation Detailed evaluation
items items
Wire
. Chemical composition
Quality Cast/Helix
etc.
Feed rate of wire
1dabili
Weldability Arc stability
Wire supply Deadline of delivery
Price Price of welding materials
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Table 4. Specification of wire materials as shown in
Fig. 1
TECH OXFORD
HYUNDAI | KISWEL
ALLOY ALLOY
SM-400 KW-M60 418 0
Size 12 12 1.14 .14
(mm)
Cast 700 640 700 245
(mm)
Helix
(mm) 2 8 2 2
Unit weight
12.5 12.5 15 15
(kg)

Fig.

1. Photograph of various kinds of wire materials
used in this study
(a) HYUNDAI SM-400 (b) KISWEL KW-M60
(c) TECHALLOY 418 (d) OXFORD ALLOY 60
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Fig. 2. Measurement of cast and helix of welding wire
(a) Cast (b) Helix

Table 5. Chemical composition of Monel wire

AWS A5.14| HYUDAI | KISWEL ATEI? é—lY (K;i%li([)
ERNiCu-7 SM-400 KW-M60 418 60
C 0.15 0.01 0.06 0.05 0.03
Mn 4.0 38 3.15 341 235
Fe 25 0.81 0.32 0.12 0.43
P 0.02 0.012 0.012 0.012 0.013
S 0.015 0.001 0.005 0.001 0.002
Si 1.25 0.05 0.35 0.34 0.13
Cu Rem 311 30.7 273 314
Ni ~662900 62.7 62.9 65.9 63.2
Al 1.25 0.10 0.37 0.14 0.05
Ti 1.5~3.0 1.60 1.63 224 1.92
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Fig. 3. Wire shapes for comparison of feed rate
(a) Shape of ‘W’ (b) Shape of ‘2turn’
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Table 6. Welding condition of evaluation for feed rate

Process Current | Voltage |Shield gas| Flow rate Welding
G ™ ) | (L/min) M/C
GMAW | 180-190 | 26-28 Ar 100 25 AOCrhkon
citoplus 420

45

Fig. 4. Waveform of the current and voltage
(a) Pulse waveform for comparison analysis
(b) Distended pulse waveform
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Table 7. Price of welding wire materials used in this

study
Prodict | HYUDAI | KISWEL ;fL%{Y ‘f‘LFL%?
names SM-400 KW-M60
418 60
Price
(KRW 52,000 52,000 61,000 63,000
Iper kg)
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Table 8. Result for evaluation of wire weldability

Item| Feed  ability Arc  stability
Straight | W | 2Tum | &.5 sE g2 | 28
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5. Monel welding to carbon steel plate
(a) Welding to plate
(b) Finished specimen of plate welding
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Fig. 6. Graph of Fe and Cu contents of welding parts
according to the number of the layers
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Fig. 7. Specimen of bending tests
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Table 9. Result of bending tests

Weld layer|  Test ID Bend{ng Result Note
direction
1-1 Left Accept No crack
1-2 Left Not Accept 20.48mm
crack
1 Layer
1-3 Right Accept No crack
. @0.21mm
1-4 Right Not Accept crack
2-1 Left Accept No crack
2-2 Left Accept No crack
2 Layer
2-3 Right Accept No crack
2-4 Right Accept No crack
3-1 Left Accept No crack
3-2 Left Accept No crack
3 Layer
33 Right Accept No crack
3-4 Right Accept No crack
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Fig. 8. Crack of bending specimens
(a) Test ID : 1-2 Specimen (Crack diameter: &
0.48mm)
(b) Test ID : 1-2 Specimen (Crack diameter: &
0.21mm)
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Fig. 12, Schematic illustration of bead height
measurement
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