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Development of In-process Evaluation Technology for Laser Welding

A B i bR Rk
Masuaki MURAO Makoto SAKAKIBARA

These days the demands facing manufacturing companies are becoming more severe and more than ever the
reduction of manufacturing costs and the pursuit of perfect quality are becoming critical issues on the shop floor.
Our manufacturing floor, which processes the welding of parts for car air-conditioners, sampled one product from
each lot and conducted a destructive inspection by checking the cut welding surface for lot quality assurance. If a
poor weld is found, all parts in the same lot must be discarded, causing the company to incur a significant loss.
Therefore, the development of technology to assure the quality of all welded products is a major theme for the
company.

In this research, we focused our attention on Acoustic Emission (AE) waves, which are produced when solid metals
dissolve and coagulate, and sought to develop evaluation technology to diagnose the in-process welding conditions.
Our experiments discovered a relationship between changes in AE waves and poor welds (insufficient fusion depth,
short and small weld beads, weld skipping) and led us to develop a diagnostic device that incorporates a
nondestructive testing technique for identifying welding conditions.

We introduced this diagnostic device to our CO, laser welding process and succeeded to automate a 100% in-
process quality inspection.

Key words : Equipment diagnosis technology, Laser welding, Acoustic emission, Slip ring, Fusion depth of

welding, Automated evaluation device
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Fig. 1 Measuring part of fusion depth
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Table 1 Conditions of experiment 1
[CO: laser welder] [Experiment conditions]
|Laser incident part (shaped nozzle)| Laser output] SkW/4kW/3kW
Sensor position | 20mm from edge
Tojexgetiment Incident time 1s
Weld width 2mm
Weld length 10mm
Feeding speed 40mm/s
n 10point for each
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Fig. 5 Change of AE effective value with different
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Fig. 7 Relationship between fusion depth and AE
with laser output
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Fig. 8 Incident angle and sensor angle
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Table 2 Material and conditions of experiment

[Material] [Experimental conditions]
Substance S45C Laser output | 5kW
Diameter 150mm Sensor angle 90° 120° 180°
Thickness 100mm  [Welding angle 0° 30°
Incident time 1s
Weld width 2mm
Weld length 5mm
Feeding speed! 2.5mm/s
*Distance of laser n I 5each
incident is constant
(mV/ms) Laser incident angle : 0° (%)
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Fig. 9 Verification of attenuation rate with different
sensor angle
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CO: laser welding processing outline

Process part no.: 46 part no.
Production gty: 130,000/mo

From
oscillator ?E& Z:axis
Laser beam | N
Max. output: 6kW Laser incident part
X-axis (Shaped nozzle)
Welding angle

30°C to - 40°C
(depending on products)

All products are
welded at 6 points

[Welding sequence]

<Weld zone>

@

<Welding flow>

Weld (1) — 1 Move 120°
lMove 180° Weld (5)
Weld (2) Move 60°
l Move 60° Weld (6)
Weld (3)

l Move 60° Completed

Weld (4) =—

Fig. 10 CO:; laser welding processing outline
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