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Recently, industrial manufacturing has developed into additive manufacturing, benefiting from multi-item small-sized
production and effective manufacturing. Importantly, Wire Arc Additive Manufacturing, which uses metal wires, is attracting
worldwide attention for its high-quality metal product technology. Technological innovation that combines virtual physics with
reality through big data communication, such as process variables along with Wire Arc Additive Manufacturing, is an
essential task for implementing smart manufacturing technology. Due to the characteristic of Wire Arc Additive
Manufacturing, numerous variable conditions exist, making it difficult to standardize robot's process path data generation
algorithms and data application methods, and this data generation method is being studied as a core element technology.
The present study generated foundation process implementation, simulation, and generated path data for robots in virtual
space using RoboDK, which provides robot libraries from multiple manufacturers, and Python, which is a universal
programming language. To implement the experimental data in practice, ABB's industrial six-axis robots IRB-6700 and
Fronius TPS500i were used to control the arcing plasma heat source, and the process path worked the same as
simulation. Based on the underlying experimental results, this process can be applied to generation of additive
manufacturing in the Wire Arc Additive Manufacturing process for 3D models.
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Fig. 1 The six-axis robot of ABB (Left) and the six-axis robot of
virtual ABB generated in the robot simulator (Right) were
used in the experiment
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Fig. 2 Architecture of proposed methodology

Fig. 3 The location and direction of the actual experiment are
entered into the virtual robot of the robot simulator. Of the 6
joint data, 0, indicates that the virtual robot has moved from
a position with a value of -90.000 (deg) to the set home
position
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Table 1 Robot parameters

Speed Joint speed  Acceleration  Joint acceleration
[mm/s] [deg/s] [mm/s*] [deg/s?]
50.0 200.0 1,500.0 150.0
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Fig. 4 TCP configuration of IRB-6700 with welding torch (a)
Robacta welding torch CATIA modeling, (b) Welding torch
with TCP setup in Robodk, and (c) Actual setting of welding
torch
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Rotation

Fig. 5 The robot arm rotates around the working position by setting
TCP at the torch destination

Table 2 Program events

Function Arc plasma signal code
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Path finish ArcLEnd
A2 ¥4= CTWD (Contact Tip-to-Work Distance) A4 A] FaS
Z 5 glom, o] W4k oA JekxniE QUOR S T4
4% 3ol YA 1] Bead) FAl thef JFL E 5 U
WS % shpol7] white] ARk She 91x)2} 7Me] melo]
At AAsA A E= mAsoF Fe. B Aol A
o] W45 20 mmi Astel AL

3.3 OLP (Off-Line Programming)
TCP7} % 2J% RoboDK 7} F7toll Al AA] 249 F3E d|o]
HE o2 9 wgsh o] WAAM 378 A-8-2] 7] A% 84
34l gk OLPE xI3)s}ict. o 2
of= Zefzut U] A Ao} ZR=IY I=F FIl 34
et 7 AlgEleld W =i BAS FEE 5 e
Aot}
Python API (Application Program Interface)s ©]-8-3}o] AA|
& st % =3 Bo| 54 duE U A4 87
S o]dsl= Z=E YH3Fal Python 7] IDLES 7HEr
517 0.
=

]/\’1____0

R =1

= 3}o] RoboDK&}F ¢155}17] £]3F Robolink 2! RoboDK
A% F 2ot Hto] sl ofolsl W Ml 9
XW’@R"FP ofold] F2&F AEF F3f TCP7} AHo=® FAet=
st ar, 9Es F == RoboDKO] w|¢l =2 713
A ST Poten 22799 12 IDLEVA
WA oRE A s,
o) eAollA] of=L Balzulg flow AMgsio] 23t 8
W H2alr] Slah 2ol wa A2S Aojsis Ax
loa AzE 47l B WA AL Bk ol
RoboDKoj|A] APIE E3] ZTAE 4i/~ilA1i A3 Hlo|EHE
44 Mk W EE 22O oE /%8 o4 Aol
S8 YRS AOR AN 4 Sl Table 20 Lish
HHolE Z2 7Y o|HE 7% 835}o] ABB 2459 o}=
Fokant gl Alo] AF Yeislel AEA0T AT 2
tlo]gof F71E =5 st

=2 |
= 1M
m>~

H

Fig. 6 Simulation of virtual linear welding operations in the direction
of the robot's main body (Top), ABB robot performing the
same process as simulation (Bottom)

Table 3 Welding condition

Wire Current [A] Voltage [V] Welding speed [mm/s]

Steel 252 259 10
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Fig. 7 Import turbine blade type 3D model into open source
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Fig. 8 After slicing the 3D model with CATIA, planning the robot's
Additive Manufacturing motion with RoboDK
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Fig. 9 Plan the WAAM motion of part of the 3D model and conduct
process experiments
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