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Motivation| process monitoring for GMAW additive manufacturing

Technology / Process: Metal additive manufacturing (AM) by:

B Wire-based direct energy deposition (DED) by Gas Metal Arc Welding (GMAW),
also known as wire and arc additive manufacturing (WAAM)

GMAW AM

-

5\

- XARION’s-sensor could be used for process monitoring [1]

« Crack propagation monitoring may be advantageous for high strength materials [2, 3]
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Test Environment | Pilot factory of TU Wien
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Test rig | Robot welding cell overview and initial measuring setup TU
WIEN
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Test rig | improved microphone placement

» XARION’s microphone head

The new position and orientation of the optical microphone were considered:

B direct sight on the arc

better utilisation of the microphone’s directional response
B narrower placement

reduced impact of acoustic attenuation in air
B Protection kit

to protect the optical microphone head from spatter
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Test rig | new DAq chain, sampling rate and resolution
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Environment | Background noise sources

Continuous sources:

B Coolant pump of the welding source

B Random workshop noise (e.g. hammer impacts, other machines, speech, etc.)
During the welding process:

B Fume extraction

B Robot brakes and drives

Coolant pump operation,

Shop floor noise Robot brakes on/off Axis controller operation Fume extraction operation

Robot movement
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Welding | Materials and process parameters

Grade / . . . .
Mechanical properties and chemical composition
Alloy Nr.
. Yield strength [MPa] 565
%) Tensile strength [MPa] 455
M Element P Mn Mo Cu S C Si Cr
[Vol.%] 0,013 1,46 0,01 0,07 0012 008 08 0,04 0,03
0 Z & Yield strength [MPa] > 235
o Ww Tensile strength [MPa] 360-510
oZ9y
S0 Element P Mn N Cu S C
- [Vol.%] 003 140 0,012 055 0,035 0,17
Torch ) Wire Gas Arclength  Dynamic
Parameter Wire @ Char _ ,
Seam Nr. spee feedrate . flowrate correction correction
set . [mm] . line . ,
[cm/min] [m/min] [1/min] [mm)] ratio
1 KR3_7 20 2,1 12 0 0
2 LK1_5 80 1.2 1,67 3148 12 4 0
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Welding | unstable parameter set TU T

PicoScope 4262
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RAW ADC Data, [int16]

new DAq chain | 80 kHz peak
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B According to Wang et al. [5], ultra-high-frequency current modulation at up to 80 kHz
—

leads to better droplet formation and smaller size of the drops due to pinch forces.
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Welding | stable parameter set

PicoScope 4262
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Measurement setup:

Background noise has a clear frequency signature

—> can be filtered out or spread over the whole bandwidth (white noise)

—> does not affect actual signals
Microphone placement and orientation have been adjusted to allow measurement in a high-frequency range
DAg-chain parameters have been adjusted to prevent signal saturation and aliasing

Performed measurement using two different measuring chains for cross-validation

Process monitoring:

Process activity can be identified with an optical microphone

Process (dis-)continuity can be identified with an optical microphone

Process-related frequencies can also be detected in a high frequency range up to ~580 kHz

A clear peak (detected at 80 kHz) is related to the modulation of the arc current for better droplet formation.

A difference in the stability of the acoustic spectrogram between stable and unstable MAG welding processes was
detectable using XARION’s Eta300 Ultra technology
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