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Abstract of doctor thesis
Toshimitsu Maeda
Study on laser welding of large structures by fiber laser

In the present thesis, it is described that the developments of welding facilities and
the welding procedures have been studied in order to apply the high power laser welding
to large welded structures. Especially, the long seam welding by a high power fiber laser
was investigated for the application of large welded structures.

The result of the investigation with regard to the market of laser material processing
and its advantages are described in chapter 1. Recently, the applications of laser material
processing make the additive value and make progress surely in many industries such
as electric/electronics, automobile, machinery, energy. On the other hand, laser facilities
have been developed as high power laser, high quality, small, high efficiency and low cost
machine. It is expected that the application of laser material processing will increase in
the future. However, the followings should be considered in the application of laser
welding to large welded structures;

-Weld defects are caused by misalignment of laser beam to weld seam.

-Allowable weld joint gap is too small.

-Focal point shift is occurred by thermal lens effect.

-Reliability of laser facility is required for long term operation.

-Seam tracking that can distinguish weld lines and tack welds
The objective of the present study is to make the solutions of the above issues.

In addition, the purpose is to prove that a business plan using the ICHIKURA theory is

effective for safely carrying out risky research and development.

In chapter 2, study on laser head for high power fiber laser is described, High
performance laser head and laser optics for long seam welding are developed by
enhanced water cooling of head and water cooled focusing mirrors.

In chapter 3, study on seam tracking system of laser welding is described. 2D and
3D seam tracking systems without weld defect have been developed using a weld seam
tracking sensor. In order to control the laser beam position, a sensing area at 5mm ahead
of laser beam is observed by a CCD camera. Then, the laser beam position is adjusted to
the weld seam as a real time monitoring system. The average tracking accuracy of X
direction in 2D coaxial seam tracking system was 0.072mm. The average tracking
accuracy of X direction in 3D coaxial seam tracking system was from —0.065 mm to +

0.016mm. The tracking accuracy of Z direction was £0.4mm. Itis proved from present



study that developed 2D and 3D tracking systems have enough accuracy to apply to the
industries.

In chapter 4, development of seam tracking for laser — arc hybrid welding is
described. The seam tracking accuracy of X direction for hybrid welding of butt joint was
from—0.09 mm to +0.12 mm. In the hybrid welding of fillet joints, even if thermal
deformation occurred during welding, seam tracking of the weld line was possible. The
accuracy of seam tracking system for laser — arc hybrid welding was applicable level ,
which is less than =0.15mm.

In chapter 5, it is described that development of adaptive control system for weld
bead when joint gap changes. In addition to the developments of seam tracking systems,
the adaptive control system for laser — arc hybrid welding of butt joint with a variable
joint gap has been developed. In the development, the weld seam and joint gap is
monitored continuously by an adaptive control sensor in real time. At the same time, the
joint gap is detected for adaptive controls of laser output power, welding speed and wire
feeding rate in order to get sound weld bead. In the development, three welding
parameters are controlled to be optimum for the variable joint gap by adaptive control
system. A butt joint of SPHC steel (thickness : 6 mm ) was welded by the hybrid process
using an adaptive control system to make sure that adaptive control system is available
to get sound weld bead without weld defects such as under fill and burn through . It was
proved that sound weld bead without weld defect could be obtained by the adaptive
control system of laser output power, weld speed, and wire feeding rate at the same time.

In chapter 6, the investigation of seam tracking system for laser welding of weld
seam with tack weld is described. In case of laser welding of large structure at stage of
temporary assembly, tack welding is necessary to fix the long joint. In general, weld seam
and tack weld are coexist in a weld line. Therefore, the seam tracking system is required
to distinguish tack weld from weld seam during welding at real time. Image processing
in the seam tracking system includes the following 4 parameters ;

- Change of density value

- Defect detection by trend edge

- Standard deviation of detected segment

- Edge angle by approximate line of detected segment
As a result, a new seam tracking system for weld seam with tack weld was developed.

In chapter 7, a trial of laser — arc hybrid welding to large welded structure of 4 m in
length has been implemented. Considering an application of laser welding to large
welded structures, the welding atmosphere becomes usually severe environment by

reflected light, spatter, radiant heat and fume at welding point. A trial on the application



of laser welding to large welded structures has been investigated. Seam tracking sensor
was protected by three measures such as (Da water cooled copper plate, @a fume
suction nozzle and @two water jackets in order to avoid the disturbances by the radiant
heat and the fume. As a result, in the trial of laser — arc hybrid welding of a long fillet
joint of 4m in length, sound weld bead was obtained without large deviation of weld bead
from weld seam through the full length of welded joint.

In chapter 8, the study on the method of research & development using a
management planning has been described. A management method using an ICHIKURA
theory has been investigated simultaneously to avoid the financial risk and to keep the
soundness of financial condition of the small and medium size enterprise A. In the case,
enterprise A was pushing the research and development with a financial risk. The
ICHIKURA theory consists of Management plan, Profit plan, Cash follow plan and
Balance sheet. As a result, the necessary measures of management are found and the
best balances between the management and the research & development can be kept in
the enterprise A. In the present work, management of enterprise A has been studied as
an example. As a result, sound management by management planning using ICHIKURA
theory and intensity of R & D made a great synergy effect on the management of
enterprise A.

In chapter 9, Conclusion summarizes the research results from Chapter 1 to Chapter
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