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Introduction

The objective of this work is the design of a feedback con-
trol system for the laser welding process, which is able to
control the penetration depth of the weld. Firstly the pos-
sihilities to control the penetration depth of a weld when
only partial penetration is demanded, for instancein the case
of overlap configurations, will be discussed. Furthermore a
controller which is able to guarantee full penetration will be
introduced. Full penetration is an important quality in the
production of Tailor Welded Blanks.

Experimental set-up
Optica signals emitted from the weld pool area are used
as an indication of the status of the welding process, see
figure 1. With four, co-axially placed, sensorsit is possible
to detect the transition from afully to a partially penetrated
weld in the thin mild steel sheets used. Also during partia
penetration welding it is possible to relate the sensor signa
strength with the penetration depth of the weld, seefigure 2.
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Figure 1: The experimental set-up.
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Detailed knowledge of the dynamic behaviour of the sys-
tem is essential when designing a feedback control system.
With the use of system identification dynamical models of
the laser and the welding process (including sensor dynam-
ics) have been obtained, in both afully as well as in a par-
tially penetrating parameter region.

Feedback control

Two feedback systemswill be discussed. Thefirst controller
has been designed based on the identified dynamic model
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Figure2: Weldwatcher sensor signal versus|aser power at a speed
of 100 mm/s. Typical weld cross-sections are included.

of the process. With this system the penetration depth in
an overlap weld is controlled [1]. The objective here was
to make a weld without penetrating the bottom plate. The
system has been tested by varying the welding speed. In
figure 3 an example of an experiment using this feedback is
shown.

Watt Laser Power
1300 T T T T

1100 b
900 | )

700

35 40 45 50 55 60

35 40 45 50 55 60 mm
|<— speed 100 mm/s —)l% speed 60 mm/s Hl

Figure 3: Longitudina section of a controlled overlap welding
experiment and the corresponding laser power.

A second kind of feedback was developed to maintain full
penetration, based on a threshold condition indicating the
difference between partial and full penetration. This con-
troller is able to maintain full penetration near the edge be-
tween partial penetration, using the minimum laser power
required for full penetration at a certain welding speed.
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