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ABSTRACT

Metal additive manufacturing (AM) has revolutionized several manufacturing industries. AM can generate
large-scale metal components and produce complex geometries close to net-shapes. WAAM is an AM technology
that has garnered considerable interest among industries owing to its economics and relatively high deposition
rates. However, the heat accumulation in the weld bead during deposition triggers distortion and residual stress.
To address these problems, various methods of interpass pressure rolling systems have been suggested in recent
research. In addition, combining the rolling and WAAM processes can mitigate residual stresses. The
constant-pressure rolling of the interlayer also affect the microstructure. The coarse microstructure of the
as-deposited sample was altered to finer equiaxed grains via these methods. However, the bead-shape accuracy of
the interlayer constant-pressure method does not consider the heat accumulation in each layer. Therefore, this
study develops an interpass variable pressure rolling system that considers the heat accumulation of each layer.
The interpass variable pressure rolling system comprises deposition, detection, pressure, and transport units.
Finally, verification tests are performed on the interpass variable-pressure rolling system (at 500 kg) with the
WAAM process, and the obtained results are discussed.
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Fig. 1 Concept diagram of the interpass constatnt-
pressure rolling system(left) and interpass
variable-pressure rolling system(right)
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Fig. 2 Schematic diagram of 1) Deposition unit 2)
Detection unit 3) Pressure unit 4) Transport
unit in interpass variable-pressure rolling
system
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Table 1 Chemical composition of AISI H13 steel

Elements| C Mn Si Cr Mo A\

0.32 { 0.20 | 0.80 | 0.80 | 1.10 | 0.80
~0.45{~0.60 | ~1.25 | ~1.25 | ~1.75 | ~1.20

wit(%)

Fig. 3 Measuring pressure with a load cell

Fig. 4 Depositing AISI 304 and pressing bead by

roller

Table 2 Chemical composition of AISI 304 steel

Elements| C Si Mn P S

042 | 0.15 0.60 0.03 | 0.035

wi(%
) 1 048 | ~035 | ~090 | less | less
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Table 3 Process parameters for WAAM

Process parameters Details
Deposition current 140 A
Arc voltage 134V
Travel speed 7 mm/s
Wire feed speed 3.8 m/min
Contact tip to work piece distance 25 mm
Flow rate of argon 20 L/min
Contact tip to roller distance 70 mm
Deposited layers 10 layers
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Pressure test of interpass rolling system
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Fig. 6 The verification test results of each pressure

Fig. 7 Comparison test of (1) WAAM as-deposited
and (2) WAAM with pressure(at 500kg)

Fig. 8 Microstructure of cross sections (a)-(a) from
(1) WAAM as-deposited and (2) WAAM
with pressure (at 500 kg)
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