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Abstract: Generally, ships have marks of various shapes on outside of the hull. Among them, so called “Draft Mark™ indicates the
distance from the bottom of the keel to the waterline. Draft marks are used to determine the displacement and other properties of
the ship for stability and control purposes. These marks are made up of welding bead or sticking the steel plate on outside of the
hull. To improve the confidence level of the ship owner, quality and accuracy of the draft mark is very important. So the automatic
mark welding robot is used to enable a high quality and accurate manufacturing line. To improve the system portability, the system
is divided into two distinct parts, namely mechanical part and control part. Mechanical part is robust, a lightweight, and easy to
dismantle. The control part consists of an in-house developed controller, which is based on embedded Linux. Also, the control part
consists of power line communication module to ensure the applicability of the controller in manufacturing line. In this paper, the

methodologies of control and configuration of the robot are discussed.
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1. INTRODUCTION

Ships have marks of various shapes on outside of the hull.
For example, they are Ship Name Mark, Official No., Tug
Mark, BHD Mark, Thruster Mark, Freeboard Mark, Bulbous
Bow Mark etc. Among them, so called “Draft Mark™ indicates
the distance from the bottom of the keel to the waterline. Draft
Marks are used to determine the displacement and other
properties of the ship for stability and control purposes.
Usually, these marks are made up of welding bead or sticking
the steel plate on outside of the hull. To improve the
confidence level of the ship owner, quality and accuracy of the
draft mark is very important.

However, there is trouble to manually weld the mark. In
case of outdoor job, curved surface does not allow workers to
access easily to that and it is difficult to carry welding
instruments to the marking points though it is not impossible.
In case of indoor job, expensive instrument like NC machine
could be used. But, it is unnecessary to equip NC machine for
only mark welding.

To cope with those situations, the automatic mark welding
robot is developed [6][7][8]. That enables the high quality and
accurate welding of mark shape in manufacturing line and has
portability. We have developed two types of robots called
SR-MARK-I and SR-MARK-II, respectively.

SR-MARKA-I is developed to apply to the flat surface in
indoor manufacturing process and SR-MARK-II is the system
for the curved surface in outdoor manufacturing process.

Because of poor surroundings like dust, irregular producing
process in shipbuilding industries, the system is required to
have portability, robustness and mobility. So to improve the
system portability, the system is divided into two distinct parts,
namely mechanical part and control part. Mechanical part is
robust, a lightweight, and easy to dismantle. The control part
consists of an in-house developed controller, which is based on

embedded Linux.

SR-MARK-I is mainly focused on accuracy and high speed
in indoor manufacturing process. So it has two robots on one
rail and two robots are simultaneously operated. Also, the
control part consists of in-house developed PLC (power line
communication) module to ensure the applicability of the
controller in indoor manufacturing line.

Moreover, SR-MARK-II should not only be light but also
have high force-to-weight ratio so that it may reduce excessive
adhesion forces during welding job. So it is designed to have
robust and compact mechanism. To apply to outdoor process,
we cared much about the influence of heat, water, dust, and
shock during operation.

This paper is organized as follows. Section 2 describes the
backgrounds and system configuration. Section 3 describes the
software implementation of SR-MARK-I and SR-MARK-II in
detail. In section 4 and 5, we mentioned methodologies of
control and how to interface CAD data. And we concluded
with summary in section 6.

2. DESIGN OVERVIEW
2.1 Objectives
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Fig. 1. Marks on outside of the hull
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Among the marks on outside of the hull in Fig.1, accuracy
of “Draft Mark” is very important, because they are used to
determine the displacement and other properties of the ship for
stability and control purposes. So ship owner is sensitive about
quality and accuracy of the draft mark.

However, because of poor work surroundings and
troublesome process, manual mark welding requires many
hours and manpower.

So, We proposed two types of the portable mark welding
robots. One enables high speed and accurate welding of mark
shape. And another enables accurate welding regardless of
angle and shape of surface.

2.2 Specification
SR-MARK-I
As shown in Fig.2, the structure of SR-MARK-I is divided

into two distinct parts, namely mechanical part and control part.

And that includes welding instruments, also. Considering two
Cartesian robots in one rail with 2m in size, that is relatively
light with about 42kg. The welding speed is very high as about
1.5m/min.

Fig. 2. Layout of SR-MARK-I

It is composed of two Cartesian robots and control system.
The controller controls two SCR (Silicon Controlled
Rectifiers) type welding machines and robots relatively like
Fig.2.

Fig.3 shows that SR-MARK-I is welding draft mark to the
flat surface. End effecter of robot is end point of welding torch.

Fig. 3. SR-MARK-I

The control system is composed of an in-house developed
embedded controller with PC104 bus that integrates A/D
converter, several DIO channels and including designed
motion control board and motor driver board by 8 axes.

In order to transmit the data including the position

information of character, the control system consists of
in-house developed power line communication (PLC) module.
The data rate of PLC module is 14 Mbps.

SR-MARK-II
SR-MARK-II, handling supporter and welding instruments
are mounted in large-sized crane, as shown as Fig.4.

Fig. 4. Layout of SR-MARK-II

The basic structure of SR-MARK-II is similar to
SR-MARK-I. Only Suction pad is added at the lower part of
robot. That is divided into two parts similarly. It is relatively
small in size with 1m, and 20kg in weight. The welding speed
is 1.3m/min, also.

The structure of control system is nearly similar to previous
version. But pneumatic control part including air filter,
regulator, solenoid valve, vacuum generator and pressure
sensor etc. is just added.

Fig.5 shows that SR-MARK-II is welding draft mark to the
curved surface in vertical position.

Fig. 5. SR-MARK-II

It consists of a Cartesian robot and control system. The
controller controls inverter type welding machine, pneumatic
cylinder, suction pad, and robot. Because welding condition is
very sensitive related to posture of robot in applying to the
curved surface, high priced inverter type welding machine is
selected. Also, the system includes inclinometer inside robot,
so welding condition can be controlled by posture of robot.

Since it can sense welding current by Hall sensor mounted
in wire feeder, Z-axis is controlled to maintain equal height
that make welding current regular. The control method like
that is called arc sensing. In section 4, it will be explained in
more detail.



ICCAS2005

June 2-5, KINTEX, Gyenggi-Do, Korea

3. SOFTWARE IMPLEMENTATION

3.1 The Structure of Software
SR-MARK-I

Fig.6 shows the structure of low-level software inside
controller. We adopted RT-Linux to realize the synchronized
control of two robots.
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Fig. 6. Software structure of SR-MARK-I

In more detail, main thread is located in the middle and 4
sub-threads are spread around main thread. Each sub-thread
has a important role. They are generating continuous path
motion of robotl and robot2, treating pendant signal, and
watching emergency state etc. Main thread includes the
functions that play a role in saving teaching point, jog motion,
and I/O control etc.

SR-MARK-IT
Fig.7 shows the structure of low-level software inside the
controller of SR-MARK-II.
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Fig. 7. Software structure of SR-MARK-II

Similarly, main thread is located in the middle and 4

sub-threads are spread around main thread. Each sub-thread is
the thread for generating continuous path motion of robot,
treating pendant signal, watching emergency state, and arc
sensing etc.

Main thread includes the important functions. They are for
saving teaching point, jog motion, I/O control, welding
condition control, and data transformation etc.

3.2 Functionality Description

Continuous Path Motion

The capacity of continuous path motion is very important to
make high quality welding bead. As the trajectory is varied,
the acceleration and deceleration period has to be minimized.
If it were not minimized, the welding bead would show the
result of that immediately.

We implement the continuous path motion that minimizes
the acceleration and deceleration period [1,2,9-13]. The
trajectory is optimized to prevent the robot from jerk by every
character, also. And the controller calculates the velocity of
each axis to reach next position on the trajectory at lmsec
intervals using real-time PD control.

Synchronizing

Usually, main thread is a signal handler including system
timer, while all other threads block signals. Sub-threads run in
a loop, waiting for semaphore to be released to process signal.
When sub-threads get semaphore from main thread, it can keep
its important operation. So all threads can be processed
synchronously.

We used the POSIX based semaphore and pthread
supported by RT-Linux compiler. These were used for
coordinating and synchronizing activities in which multiple
threads compete for the same operating system resources.

4. CONTROL METHOD

4.1 Tracing curved surface

The front and rear part of a ship, that is, the bows and stern
has large curvature for the purpose of smooth progression of a
ship regardless of the influence of fluid pressure. The shape of
curved surface is determined by drawing. But it is very
difficult to precisely manufacture the curved surface according
to drawing.

We cannot know about curvature information of the curved
surface. So it cannot be resolved by kinematical calculation
and the ability of tracing the unknown curved surface is
inevitably required. Because the performance of tracing
determines the quality of welding bead, it is very important at
the aspects of the overall performance, also.

Also, because original position information of character is
based to flat plane and it is impossible to align the robot to the
curved surface, data transformation is inevitably required.

Arc Sensing
Our purpose is to extract a variation tendency from welding
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current. Then we use the tendency to calculate position of
Z-axis to maintain the current value.

However, Welding current data is originally very unstable
like Fig.8 (a). To get reliable tendency for current data to vary,
Kalman filtering was adopted [14-16]. This filter is designed
for data estimation. Fig.8 (b) shows the result of filtering
through calibrating the parameter of filter.

The parameter of filter is the important factor related to
welding quality. By using Kalman filter, we got welding bead
of high quality regardless of shape of surface.

@ (b)

Fig. 8. Result of welding current filtering
(a) Raw data, (b) Filtered data

Data Transformation

As mentioned above, it is impossible to align the robot to
the curved surface, because suction pad is fixed whereas the
curvature of surface is various. By teaching XYZ position of
three points on the outer line, we transformed the position data
of character into new coordinate in the based of robot. Laser
diode is located beside the welding torch, and worker performs
the teaching job with looking at laser diode.

Fig. 9 shows the definition of coordinates. Transform
Matrix has to describe the frame B at the base of the character
relative to the base of the robot. So the matrix rotates and
translates frame B relative to frame A [3].

Fig. 9. Coordinate transformation

In Fig. 9, blue points P1, P2, P3 are teaching points on the
outer line and each point has XYZ position data.

Rotation matrix is equivalent to

i (1)

Assume that rotate data about X-axis by an angle thetal,
rotate data about Y-axis by an angle theta 2, rotate data about
Z-axis by an angle theta 3, and translate the amount of
difference between the base of robot and the base of character
in X, Y direction,

The transform matrix is equivalent to

x') (C2C3 SIS2C3-CIS3 CIS2C3+581S3 Teach x—offset \( x*
y'| | €283 SIS283+CIC3 C1S2853-S1C3 Teach_y—offset || y*
A1 =82 S1C2 c1Cc2 0 2
1 0 0 0 1 1
(2)

The result of Eq. (2) is as follows.

x* =C2C3X"% +(5152C3-C183)y” +(C152C3 + 5153)2°

+(Teach _x—offset) 3)
' = C283X” +(S15283 + C1C3)y” +(C15283 - S1C3)2*

+(Teach _y—offset) “4)
' =-82x% + S1C2y* + C1C22* Q)

Where, offset means the difference between the center of
torch and the center of laser diode.

Eq. (3), (4), and (5) determines the trajectory of the end of
torch. But Eq. (5) was not practically used, because the
trajectory of Z-axis is determined by arc sensing.

4.2 Welding Condition Control

Fig. 10. Test bed for welding condition by angles

Welding condition is originally sensitive to the angle of
surface and torch. To cope with the various angle of surface in
the front and rear part of a ship, we tested the welding
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condition with the bead of high quality by every angle
previously. For the test, test bed as shown in Fig. 10 is used.
And the all exterior of robot is covered with aluminum cover
and asbestos fiber.

From the result of welding condition test, qualified welding
parameter was divided into four cases by angles. But selecting
the welding machine, the length of ground cable and power
cable, and the stability of power source etc. could change that
condition.

Inclinometer is located in the center of robot. The controller
can know about the present inclination. So robot can call the
optimized welding condition at the present inclination.

Fig. 11 Result of welding test

Fig. 11 shows the result of qualified welding bead. Really
the shape of welding bead is slightly different by every angle.
But we tried to make the bead equal regardless of inclination.

5. CAD DATA INTERFACE

5.1 CAD Data Conversion

In case of flat plain, Original position information of
character is based on NC code. And data of curved surface is
extracted from AutoCAD drawing. These conversions are
performed by upper-level CAD interface software, so called
data file generation program. Fig. 12 shows original drawing
of characters in curved surface [4][5]. As shown in Figure, all
distorted characters are shown a correct letter, when they are
projected to the vertical surface.
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Fig. 12. CAD data in curved surface

Data file generation program has graphical user interface

like Fig. 13. This program is installed in field office. Firstly a
worker copies the NC data or CAD drawing from CAD server
through the intranet and select the appropriate data. A worker
can confirm the data graphically and then data file is
generated.
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Fig. 13. GUI of CAD data interface software

5.2 Data Transmission

Fig. 14 shows the flow of data. Firstly, original data in CAD
server is transmitted to field office in the form of NC code and
CAD drawing through intranet. So data file generation
program convert original data into data file format that can be
recognized by robot controller.

This data is stored in specific directory and then socket
server program starts to wait for the connection through the
specific port number. The robot controller connects to server in
the field office and downloads the appropriate data file through
power line communication or floppy disk.
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Fig. 14. Data flow
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6. CONCLUSION

The proposed systems are two types of the mark welding
robots, called SR-MARK-I and SR-MARK-II. First system has
been proved to be a high speed and accurate mark welding
robot. And another has been proved to enable stable adsorption
outside the hull and accurate welding regardless of angle and
shape of surface.

In point of fact, it can be said that the main techniques for
applying the robot to the field was robust mechanical design
suitable for field environment, the design of adsorption part,
calibrating arc sensor, coordinate transformation, implement
the continuous path motion, and CAD data interface etc.

Finally, we succeed in stabilization these techniques and
realize the automation of mark welding using SR-MARK
series. Now, we are planning to apply the robots to other
marks outside the hull.
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