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Summary 
This report is a ten credit degree project and is aimed at technically skilful personnel at 
Volvo Aero Corporation and at the University West. 

The goal of the project is to create a robot program that can manufacture a part by Metal 
Deposition from a 3-D CAD model (Unigraphics) via a CAM module and a CAR 
program (IGRIP) to an ABB robot. 

Metal Deposition is a method to build new parts, add material to an existing part and 
repair components that have been damaged in earlier processes. The method can be used 
with different kinds of welding with powder or welding wire as the additive material. 

Three reference geometries were used; two bosses and a circular sweep. 

UG/CAM is used to create the CLS (Cutter Location Source) data. Different milling 
operations are used to emulate welding. 

The program which imports the coordinates from the CLS data to IGRIP, as well as the 
export program, was written in GSL (Graphics Simulation Language). GSL is a Pascal-
like programming language used to control the behaviour of simulation models. 

 The import program reads linear movement coordinates line by line until the whole 
CLS file has been converted into IGRIP.  

UG/CAM should only use linear movement when using this program. If circular 
movements are used, a feature that converts those has to be added to the import 
program. 
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1 Introduction 
This report is a part of a ten credit degree project in the Masters program in Robotics at 
the University West. This degree project actually started with a five credit project 
course where it was decided that the UG/CAM to IGRIP alternative was the best option 
to make a robot program out of CAD data. It is aimed at engineers at Volvo Aero 
Corporation in Trollhättan as well as students and teachers at the University West.  

1.1 Background / Problem 

1.1.1 Metal Deposition 

Metal Deposition (MD) is a method used to build new parts, add material to an existing 
part and repair components that have been damaged in earlier processes such as 
moulding or defects caused by incorrect machining. The method can be used with TIG1, 
MIG2, LASER or EB3 welding with powder or welding wire as the additive material. 
Compared to “regular” welding where two parts are welded together, here welding is 
used to build parts out of the additive material. The seams are placed on top of each 
other in order to create height. 

The method in this report is a based on TIG welding which has been developed to 
minimize the heat influence on the part. The minimized heat influence will reduce the 
risk of part deformation. 

One of the most recognized global manufacturing problems is the time it takes to 
get technology, hence products, to the market. In manufacturing, the limiting time 
for many products is the time needed for design and fabrication of molds and dies 
of all types. It is not unusual for large complicated dies to take from weeks to 
months to almost a year before they are ready to manufacture a product. 
Stereolithography has helped in the design process by visualizing a component 
produced directly from a CAD database by curing polymers with lasers. Most 
manufacturers are looking for a device that can make a product directly from a 
CAD drawing with a designed macro- and microstructure. Repair procedures are 
also needed for metals that do not change the material properties and do not result 
in reduced life of the product. [1]. 

Rolls-Royce is currently using robotized TIG Shaped Metal Deposition (SMD)4 for a 
number of development components and for salvage i.e. repairs during production.  

                                                 
1 Tungsten Inert Gas. 
2 Metal Inert Gas. 
3 Electron Beam 
4 Shaped Metal Deposition is Rolls-Royce’s name for the Metal Deposition process. 
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Volvo Aero Corporation is working with Rolls-Royce in the Cool Structures Program 
(CSP), a bilateral collaboration project, in developing Metal Deposition. 

The Cool Structures Program will evaluate different Metal Deposition processes using 
TIG and LASER. The methodology for generation of the robot path must be 
independent of the welding process. 

1.1.2 Welding 

The two parameters that are usually controlled are the weld’s height and width. These 
are controlled by adjusting the current and the welding wire’s feed rate. This is a 
complex process and will not be discussed further in this project. 

TIG welding is a commonly used high quality welding process. TIG welding has 
become a popular choice of welding processes when high quality, precision 
welding is required.   

In TIG welding an arc is formed between a nonconsumable tungsten electrode and 
the metal being welded. Gas is fed through the torch to shield the electrode and 
molten weld pool. If filler wire is used, it is added to the weld pool separately. 
[12]   

1.1.3 Offline programming 

Off-line programming is, by definition, the technique of generating a robot 
program without using a real machine. [13]. 

It presents several advantages over the on-line method. For example, the programs are 
prepared without interruptions of the robot operation, meaning less down time, and 
there is a greater possibility for optimisation of the workspace layout and the planning 
of the robot tasks. 

1.1.4 Calibration 

A major limitation of off-line systems is the error which arises between off-line 
simulation and the real time programme operation. (G.C. Carvalho, M.L. Siqueira, 
S.C. Absi-Alfaro 1998) [13]. 

In common with any simulation process, the usefulness of a robot simulator is 
governed by the ‘accuracy’ with which the robot and its workplace can be 
modelled. (S.F. Chan, Prof. R. H.. Weston, K. Case 1988) [14]. 

The workcell at UW was calibrated in order to make the tests more accurate. See 
chapter 6.2.2 for more details.  
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1.2 Purpose 
The aim of this degree project is to realize a method to create a robot path and program 
from a 3-D model in a CAD software. The path is created in a CAM module5 and 
transferred/imported to a CAR6 software, where a program translates the NC code from 
a CLS-file7. The robot path is then simulated and the program is then exported to a 
robot (see Figure 1-1). 

CAD/CAM CAR Robot

 

Figure 1-1 Flowchart for the process. 

 

1.3 Volvo Aero Corporation 
Volvo Aero Corporation (VAC) [15] is a company wholly owned by Volvo AB. The 
company develops and produces components for aircraft and rocket engines. Service 
and maintenance is also an important part of their business. 

VAC is also the supplier of engines for Swedish fighter aircrafts and VAC often works 
in close association with a partner. For example, the RM12 engine in the Gripen aircraft 
is based on the General Electric F404 engine. 

The largest activity at the Volvo Aero Corporation is the development and production of 
components for aircraft engines and gas turbines. 

The company has locations in: 

• Sweden: Trollhättan (Headquarters), Stockholm and Malmö. 

• Norway: Kongsberg. 

• USA: Boca Raton, Florida and Seattle, Washington.  

1.4 Conditions / Delimitations 
• The degree project does not include welding, only path planning. Welding 

parameters have not been taken into consideration. 

• All details are built on a planar surface. 
Three geometries are used: 

                                                 
5 Computer Aided Manufacturing. 
6 Computer Aided Robotics. 
7 Cutting Location Source. 
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o A boss with an outer diameter in which the working surface is fixed (see 
Figure 1-2). 

o A rotated symmetrical flange where the working surface is rotating (see 
Figure 1-3). 

o Another boss (see Figure 1-4). 

 

Figure 1-2 Boss 

 
Figure 1-3 Sweep 
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Figure 1-4 Second boss. 

• The parts and points used to create the robot path are created in Unigraphics and 
its CAM module. 

• Simulation and offline programming are done in IGRIP. 

• The functionality for the adjustment of the degree for the symmetrical flange 
will be handled in IGRIP. 

• The program created in IGRIP will only be run on an ABB robot at the 
University West. 

2 Method 

2.1 CAD/CAM 
A 3-D model of the part that is going to be manufactured by Metal Deposition was 
designed in a CAD software. The specifications for the reference designs were obtained 
from VAC.  

A CAM module in the CAD software was used to create the tool paths for the parts. 
Templates were created which automated some of the work done in the CAM module.  

2.2 Computer Aided Robotics (CAR) 
The import and export programs were written in a text editor and then executed in the 
CAR software. 

After the import, a simulation can be done and the simulation results are satisfactory, 
the robot code is generated and exported to the robot. The robot code includes 
information such as which tool to be used and the robot orientation. None of which are 
available in the NC code in the CLS-file. 
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3 Software & programming 

3.1 Unigraphics 
Unigraphics is a 3-D graphical tool for computer-aided design (CAD) and is developed 
by EDS. The software is available in both Microsoft Windows and UNIX versions. 

There are several modules available for Unigraphics, for example a CAM module. It is 
used to generate the CLS-file with the tool paths. 

In this degree project, the Windows version of UG and its CAM module were utilised. 

3.2 Numerical Control 
Numerical Control (NC) is a way to control computerized machines such as lathes, mills 
or machining centers.  

When the controlling device is a computer, the term computerized NC (CNC) is used. 

NC code is the language in which the machine is programmed. It tells the machine 
where to go by X-, Y- and Z-coordinates. The code also tells the machine what kind of 
movement will be used (linear or circular), what tool to use and what kind of machining 
should be done. 

The code includes commands such as “GOTO”, which is a linear movement. From this 
code the tool paths can be extracted (see Figure 3-1).  

 

Figure 3-1 Example of tool paths generated by the CAM module. 
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3.3 IGRIP 
IGRIP [16] is a physics-based, scalable robotic simulation software for modelling and 
off-line programming of robotic work cells. 

The Interactive Graphics Robot Instruction Program (IGRIP) software, a 
product of Deneb Robotics, Inc., is a user-friendly computer based robotic 
workcell simulation package for robotic workcell layout design, simulation 
and offline programming. (F. S. Cheng 2000). [17] 

The software can be used to simulate processes such as painting, arc welding and spot 
welding. 

Simulation cycle times can be displayed and charted. They can be automatically 
optimized, or an available interactive interface can be used for custom tuning. The use 
of the RRS (Realistic Robot Simulation) option gives accurate cycle time predictions 
using native robot controller algorithms. Because the RRS option was not available at 
UW, it was not used in this degree project. 

The open architecture of IGRIP, allows users to program custom functions. It’s possible 
to create menu functions, custom device kinematics and motion planning algorithms. 

IGRIP supports most CAD databases. It can read Unigraphics data and it can also 
import CAD data from software such as IDEAS, Pro/ENGINEER and CADDS5. 
Neutral translators are available for file formats such as IGES, DXF, DWG, VDA, DES, 
STL, and STEP. 

 

Figure 3-2 Screenshot of work cell in IGRIP. 
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Figure 3-3 Screenshot of work cell with an ABB 4400 robot in IGRIP. 

 

3.3.1 Graphic Simulation Language 

Graphic Simulation Language (GSL) [17] is a procedural language used to control the 
behaviour of simulation models in IGRIP. It incorporates conventions used in other 
computer programming languages and it is a Pascal-like language. The program is 
written using many of the same terms that would be used to state the solution to the 
original problem.  

GSL features special enhancements simulation environment inquiries and is used to 
program the actions and behaviours of individual devices in a simulation. 

The language is not case sensitive and multiple statements can be entered in one line.  

4 The process 

4.1 Unigraphics/CAM 
The process of getting a tool path starts with a Unigraphics 3-D model of the part which 
is going to be manufactured by Metal Deposition. The parts consist of geometrical 
objects such as cubes and cylinders. Features such as radiuses can also be added to the 
objects. 

8 



 Method to off-line program robotized Metal Deposition 

 

Figure 4-1 Boss in UG. 

The drawing is then transferred to the CAM module which is used to create the tool 
path. In this project, the module uses milling as a way to “simulate” welding, but instead 
of the usual removal of material, the welding will add material. For examples of tool 
paths generated by the CAM module, see Figure 4-2 and Figure 4-3. 

 

Figure 4-2 Tool path for boss in UG/CAM. 
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Figure 4-3 Tool path for sweep. 

To make the conversion of the code simpler later on in IGRIP, the CAM module is set 
to only use linear movement, thus eliminating all circular movement. The NC code in 
the CLS-file will only feature GOTO instructions and no CIRCLE instructions. 

Two different types of milling has to be used; face milling and cavity milling, 
depending on what kind of part is to be manufactured. Because face milling only needs 
a boundary, it is used to generate the path for the circular sweep. Cavity milling is used 
for the bosses because it can handle more complex geometries. 

A milling tool is used to describe the weld and a diameter with the weld’s width is set. 

In this case a template file is used to describe the machining. Different templates are 
used for different kinds of parts. A template is a file which describes settings like depth 
per cut, cut method, tool axis, overlapping, engage and retract angles. Once a template 
is created it can be used to apply the same settings to multiple models, which will save 
some time. 

When all the parameters such as the tool are set, the CAM module creates the tool path. 
The operation can also be visualised on the display. 

In the last step the NC code is saved as a CLS-file, which is a text file containing the 
coordinates (see Appendix A). 

For an example of how the coordinates in a layer can be located when the circular 
movements have been replaced by linear movements, see Figure 4-4 and Figure 4-5. In 
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the first example, the default Intol and Outtol settings of 0,03 were used and in the 
second example they were set to 0,001. These settings affect the accuracy when circular 
movements are translated to linear movements. 
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Figure 4-4 Coordinates plotted in Excel. Intol and Outtol: 0,03 
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Figure 4-5 Coordinates plotted in Excel. Intol and Outtol: 0,001 
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4.2 IGRIP & GSL 

4.2.1 Creation of path 

When IGRIP has been started the GSL program needs to be loaded. This degree work 
also uses an IGRIP work cell describing the real work cell at UW. 

First the GSL program asks what kind of part is going to be manufactured, it could 
either be a boss or a circular sweep, and the program can also be stopped at this point. 
The user’s choice is read by the GSL program by reading the ASCII8 (see Appendix B) 
value of the letter entered. For example “B” for boss has the value 66. 

In the next step a CLS-file containing the NC code is opened, after which the program 
asks what device the path should be connected to and a path named md_path is created. 
The path has to be connected to a device in order to give the tags the correct world 
coordinates 

The NC code is then read line by line. This is done by scanning the lines for GOTO 
commands, which include the coordinates, and PAINT commands.  

The PAINT commands describe the colours used to display the tool path in 
Unigraphics/CAM. The program uses these commands to identify different kinds of 
movement. For example the colour yellow represents the engage movement and cyan, 
the path which is machined (list of colours, see Appendix C). Each line is read from the 
sixth character and 200 characters ahead until the program finds an EOF9. The first five 
characters are “GOTO/” and can be ignored since only the coordinates are needed.  

To decrease the amount of coordinates sent to IGRIP, coordinates that are closer than 
0.5 mm apart are discarded.  

Tags are appended to the path as the program reads the lines. 

When the path is done, a simulation can be run and the program can be exported to 
Rapid (flowchart of main GSL program, see Appendix E). 

4.2.2 Splitting a line 

For a circular sweep, the two coordinates that describe each layer’s movement are split 
into smaller pieces. Originally the NC code only includes information about where the 
layer starts and ends. But the GSL program splits these movements into smaller pieces 
that each describes the weld’s width. The split is done by calculating number of welds 
using the distance and the weld width. For an example of how it might look when a 
layer has been split and the coordinates have been plotted in Excel, see Figure 4-6. The 
distance between two points is the weld’s width. 

                                                 
8 American Standard Code for Information Interchange. 
9 End Of File. 

12 



 Method to off-line program robotized Metal Deposition 

 
 

 
One weld. Start and end points for layer. 

Figure 4-6 Layer split with GSL program plotted in Excel. 

For the circular sweep, each weld is welded a full turn before the next one is started. 
This is done by rotating the surface. 

4.2.3 Calculation of retraction point 

In order to make the simulation of the welding process and the robot path more correct, 
an engage movement is used before the initial welding. After the first weld, which is the 
outer ring, is done, the robot exits the path by passing the starting point. 

The following formula is used to calculate the point T by using vector algebra (see 
Figure 4-7). 

⎟
⎟

⎠

⎞

⎜
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⎝

⎛
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⎜
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++= QR

QR
QRQPPQPT 2

**2  

Formula 4-1 Formula for calculating retraction pointT. 
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Figure 4-7 Calculation of retract movement. 
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4.2.4 Exporting to Rapid 

When exporting, a program has to be chosen, not a path. 

5 Problems/limitations 

5.1 Unigraphics/CAM 

5.1.1 Tool diameter 

Due to the fact that only one tool diameter can be used during a machining operation, it 
is impossible to weld certain parts. For example, if the tool diameter is set to six 
millimetres, only that tool is used for the whole operation. In that case, a weld with a 
diameter of less than six millimetres is impossible to realize. The whole tool path is 
created by using this diameter. 

In “regular” welding, the weld’s diameter can be changed by adjusting the welding 
parameters. The tool diameter can be changed, but that requires a new operation to be 
created. For example, when milling the tool is usually changed before the fine cutting.   

5.1.2 Multiple kinds of milling 

Different kinds of milling operations have to be used for different kinds of parts. The 
optimal would be if one milling type would work for all parts. It would mean less 
confusion regarding what type of milling should be used on what part. 

This problem will exist as long as milling operations are used to emulate the welding. 
To get rid off it, a special module needs to be made. 

5.2 IGRIP, GSL and ABB 4400  

5.2.1 Exporting to Rapid 

Many problems were encountered when the programs were exported from IGRIP to 
Rapid. Commands were not exported as supposed. For example the Move Joint 
commands were not exported to the robot. 

Rapid commands can be exported by using “--%” in front of the command. For 
example, Move Joint would be written as “--% MoveJ…..”. This causes IGRIP to 
ignore the command during the simulation and the command is written directly to the 
output robot program. To get a GSL program with as few of the “--%”-lines as possible, 
a special program was created for the exporting (see Appendix G). 
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5.2.2 Ninth axis 

There is no support in the robot translator to move the ninth axis, which rotates the work 
surface, by a joint movement. Simulation is possible, but the movement cannot be 
exported to the robot because the Rapid translator in the simulation software cannot 
handle the robot configuration. 

To program the ninth axis, the Rapid command IndRMove was used. The command is 
used to set a rotating axis in an independent state and move it to a determined position 
within a revolution. An independent axis moves independent of the other axis in the 
system [19]. Because the program execution continues directly, it is possible to execute 
other instructions while the independent axis is moving.  

5.2.3 Points too close to each other 

Many of the coordinates in the CLS-data file are close to each other. The distance is 
usually less than one millimetre. 

According to Börje Nordin10, points closer than 0.5 millimetres can be discarded 
without affecting the weld’s quality in this project.  

6 Results 

6.1 Software 
Geometries were created in UG and the CAM module was used to create tool paths. The 
paths were imported into IGRIP with a GSL program and a robot simulation was 
performed. Robot programs were generated and a robot was programmed offline. 

6.2 Hardware 

6.2.1 Path resolution tests 

Tests were run on an ABB IRB 1400 at UW in which the robot was given coordinates 
that were less than one millimetre apart (0.2 and 0.5 mm apart). In two of the tests 
PathResol11 was set to 50, in two other the default value of 100 was used and in another 
test, different PathResol values were tested with a constant velocity. When PathResol is 
lowered it makes the path resolution less accurate. It also decreases the cycle time [110]. 
The IRB 1400 has lower performance than the IRB 4400 [111,112]. So if the test results 
are satisfactory on the 1400, they should be satisfactory on the 4400 as well. 

                                                 
10 Börje Nordin, Volvo Aero Corporation, May 25th, 2004. 
11 Path resolution, a Rapid command. 
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6.2.2 Robot cell calibration 

Only the z-coordinates were calibrated because those were the most critical coordinates 
for the project. This is because the right height is necessary so that the pen will not 
collide with the surface. 

6.2.3 Weld path validation 

The simulations were validated by using a pen as a tool and a piece of paper. The 
validation was done on an ABB IRB 1400 at UW. A previously modelled tool was used 
in IGRIP for the simulation and a geometry was simulated in IGRIP using the above 
mentioned tool. The program was then exported to the robot and run. The resulting 
image on the piece of paper corresponded with the simulated paths.  

6.3 Method 
The method works like it was planned. The program converts CLS data to an IGRIP 
path. With a few modifications, additional features can be added. Some problems were 
encountered when exporting from IGRIP to Rapid. These problems are not related to 
this degree work, they are purely IGRIP related. 

7 Analysis 
We still feel like the right decision was made in the previous project course. The method 
has been proven to work and all the software is already in use at VAC.  

If the project was extended, some additional features would have been added to the 
program. It is possible that the mathematic calculation needed for the circular 
movement could have been implemented into the program. Another possible feature that 
could have been looked into is the adding of welding parameters in IGRIP.  

8 Future work 
Possible future features: 

• A feature to import circular movements from the CLS data can be added. This 
would require additional mathematical calculations in the GSL program. 

• Real time adjustment of welding parameters, for example, increasing/decreasing 
the weld’s diameter during the welding.  

• To be able to add welding parameters in IGRIP, for example the possibility to 
add parameters by using dialogue boxes. 
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A CLS data 
Example of CLS data generated by UG/CAM: 
TOOL PATH/CAVITY_MILL,TOOL,SVETS 
TLDATA/MILL,6.0000,0.0000,75.0000,0.0000,0.0000 
MSYS/0.0000,0.0000,0.0000,1.0000000,0.0000000,0.0000000,0.0000000,1.0000000,0.0000000 
PAINT/PATH 
PAINT/SPEED,10 
PAINT/COLOR,186 
RAPID 
GOTO/-18.6432,10.2222,0.0000,0.0000000,0.0000000,-1.0000000 
PAINT/COLOR,211 
RAPID 
GOTO/-18.6432,10.2222,1.4358 
PAINT/COLOR,42 
FEDRAT/MMPM,250.0000 
GOTO/-21.1831,5.9375,1.0000 
PAINT/COLOR,31 
GOTO/-21.6322,4.0034,1.0000 
GOTO/-21.9051,2.0368,1.0000 
GOTO/-21.9996,0.0536,1.0000 
GOTO/-21.9149,-1.9301,1.0000 
GOTO/-21.6517,-3.8981,1.0000 
GOTO/-21.2122,-5.8343,1.0000 
GOTO/-20.5017,-7.9735,1.0000 
GOTO/-19.5762,-10.0288,1.0000 
GOTO/-18.4454,-11.9787,1.0000 
GOTO/-17.1211,-13.8027,1.0000 
GOTO/-15.6172,-15.4818,1.0000 
GOTO/-13.9496,-16.9983,1.0000 
GOTO/-12.1356,-18.3363,1.0000 
GOTO/-10.1943,-19.4818,1.0000 
GOTO/-8.1460,-20.4228,1.0000 
GOTO/-6.0122,-21.1494,1.0000 
GOTO/-3.8153,-21.6540,1.0000 
GOTO/-1.5784,-21.9313,1.0000 
GOTO/0.6752,-21.9784,1.0000 
GOTO/2.9218,-21.7948,1.0000 
GOTO/5.1378,-21.3825,1.0000 
GOTO/15.5570,-15.5570,1.0000 
GOTO/16.1213,-14.9713,1.0000 
GOTO/18.5084,11.8791,1.0000 
GOTO/17.1742,13.7344,1.0000 
GOTO/15.6549,15.4414,1.0000 
GOTO/13.9668,16.9818,1.0000 
GOTO/12.1281,18.3388,1.0000 
GOTO/10.1587,19.4979,1.0000 
GOTO/8.0797,20.4466,1.0000 
GOTO/-9.6752,19.7500,1.0000 
GOTO/-11.6735,18.6413,1.0000 
GOTO/-13.5461,17.3314,1.0000 
GOTO/-15.2728,15.8345,1.0000 
GOTO/-16.6105,14.4249,1.0000 
GOTO/-17.8186,12.9027,1.0000 
GOTO/-18.8876,11.2799,1.0000 
GOTO/-19.8093,9.5691,1.0000 
GOTO/-20.5765,7.7837,1.0000 
GOTO/-21.1831,5.9375,1.0000 
PAINT/COLOR,36 
GOTO/-17.1390,4.8039,1.0000 
PAINT/COLOR,31 
GOTO/-17.5579,2.9230,1.0000 
GOTO/-17.7710,1.0078,1.0000 
GOTO/-17.7759,-0.9192,1.0000 
GOTO/-17.5725,-2.8355,1.0000 
GOTO/-17.1631,-4.7185,1.0000 
GOTO/-16.5133,-6.6377,1.0000 
GOTO/-15.6497,-8.4707,1.0000 
GOTO/-14.5835,-10.1939,1.0000 
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B ASCII table 
ASCII SHOWS ASCII SHOWS ASCII SHOWS ASCII SHOWS ASCII SHOWS ASCII SHOWS 

32   71 G 110 n 148 ” 187 » 226 â 

33 ! 72 H 111 o 149 • 188 ¼ 227 ã 

34 " 73 I 112 p 150 – 189 ½ 228 ä 

35 # 74 J 113 q 151 — 190 ¾ 229 å 

36 $ 75 K 114 r 152 ˜ 191 ¿ 230 æ 

37 % 76 L 115 s 153 ™ 192 À 231 ç 

38 & 77 M 116 t 154 š 193 Á 232 è 

39 ' 78 N 117 u 155 › 194 Â 233 é 

40 ( 79 O 118 v 156 œ 195 Ã 234 ê 

41 ) 80 P 119 w 157 � 196 Ä 235 ë 

42 * 81 Q 120 x 158 ž 197 Å 236 ì 

43 + 82 R 121 y 159 Ÿ 198 Æ 237 í 

44 , 83 S 122 z 160   199 Ç 238 î 

45 - 84 T 123 { 161 ¡ 200 È 239 ï 

46 . 85 U 124 | 162 ¢ 201 É 240 ð 

47 / 86 V 125 } 163 £ 202 Ê 241 ñ 

48 0 87 W 126 ~ 164 ¤ 203 Ë 242 ò 

49 1 88 X 127 � 165 ¥ 204 Ì 243 ó 

50 2 89 Y 128 € 166 ¦ 205 Í 244 ô 

51 3 90 Z 129 � 167 § 206 Î 245 õ 

52 4 91 [ 130 ‚ 168 ¨ 207 Ï 246 ö 

53 5 92 \ 131 ƒ 169 © 208 Ð 247 ÷ 

54 6 93 ] 132 „ 170 ª 209 Ñ 248 ø 

55 7 94 ^ 133 … 171 « 210 Ò 249 ù 

56 8 95 _ 134 † 172 ¬ 211 Ó 250 ú 

57 9 96 ` 135 ‡ 173  212 Ô 251 û 

58 : 97 a 136 ˆ 174 ® 213 Õ 252 ü 

59 ; 98 b 137 ‰ 175 ¯ 214 Ö 253 ý 

60 < 99 c 138 Š 176 ° 215 × 254 þ 

61 = 100 d 139 ‹ 177 ± 216 Ø   
62 > 101 e 140 Œ 178 ² 217 Ù   
63 ? 102 f 141 � 179 ³ 218 Ú   
64 @ 103 g 142 Ž 180 ´ 219 Û   
65 A 104 h 143 � 181 µ 220 Ü   
66 B 105 i 143 � 182 ¶ 221 Ý   
67 C 106 j 144 � 183 · 222 Þ   
68 D 107 k 145 ‘ 184 ¸ 223 ß   
69 E 108 l 146 ’ 185 ¹ 224 à   
70 F 109 m 147 “ 186 º 225 á    
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C Unigraphics/CAM colour codes 
Code Color Type of movement 
31 Cyan Machining 
36 Green Step over  
37 White Retract 
42 Yellow Engage 
186 Red Rapid 
211 Blue Approach  

Colour codes used by UG/CAM and the GSL program to identify different kinds of 
movement. 
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D PathResol test data 
First Run: PathResol 100: 0.2mm between points. Total distance=12mm 
Velocity Run 1 Run 2 Calculated time Avg. Error 
V5 2,767 2,784 2,400 2,776 1,156 
V7 2,313 2,316 1,710 2,315 1,354 
V10 2,344 2,335 1,200 2,340 1,950 
V15 2,360 2,345 0,800 2,353 2,941 
V20 2,315 2,363 0,600 2,339 3,898 
V40 2,455 2,458 0,300 2,457 8,188 
V80 2,353 2,350 0,150 2,352 15,677 
      
Second 
Run: PathResol 50: 0.2mm between points. Total distance=12mm 
Velocity Run 1 Run 2 Calculated time Avg. Error 
V5 2,503 2,442 2,400 2,473 1,030 
V7 1,867 1,853 1,710 1,860 1,088 
V10 1,410 1,407 1,200 1,409 1,174 
V15 1,224 1,207 0,800 1,216 1,519 
V20 1,256 1,232 0,600 1,244 2,073 
V40 1,388 1,415 0,300 1,402 4,672 
V80 1,279 1,282 0,150 2,561 17,073 
      
Third run: PathResol 100: 0.5mm between points. Total distance=30mm 
Velocity Run 1 Run 2 Calculated time Avg. Error 
V5 5,992 5,968 6,000 5,980 0,997 
V7 4,298 4,307 4,290 4,303 1,003 
V10 3,363 3,362 3,000 3,363 1,121 
V15 2,411 2,346 2,000 2,379 1,189 
V20 2,339 2,316 1,500 2,328 1,552 
V40 2,318 2,336 0,750 2,327 3,103 
V80 2,554 2,555 0,375 2,555 6,812 
      
Fourth run: PathResol 50: 0.5mm between points. Total distance=30mm 
Velocity Run 1 Run 2 Calculated time Avg. Error 
V5 5,981 6,003 6,000 5,992 0,999 
V7 4,307 4,304 4,290 4,306 1,004 
V10 3,005 3,007 3,000 3,006 1,002 
V15 2,062 2,071 2,000 2,067 1,033 
V20 1,754 1,740 1,500 1,747 1,165 
V40 1,200 1,209 0,750 1,205 1,606 
V80 1,449 1,440 0,375 1,445 3,852 
      
      
Error table:      

 
PathResol 
100 0,2mm 

PathResol 
50 0.2mm 

PathResol 100 
0.5mm 

PathResol 
50 0.5mm  

V5 1,160 1,030 1,000 1,000  
V7 1,350 1,090 1,000 1,000  
V10 1,950 1,170 1,120 1,000  
V15 2,940 1,520 1,190 1,030  
V20 3,900 2,070 1,550 1,160  
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V40 8,190 4,670 3,100 1,610  
V80 15,680 17,070 6,810 3,850  
      
 V5 dist.=0.2 mm between points.   
PathResol Run 1 Run 2 Calculated time Avg. Error 

25,000 2,468 2,427 2,400 2,448 1,020 
50,000 2,481 2,482 2,400 2,482 1,030 

100,000 2,781 2,756 2,400 2,769 1,150 
200,000 4,669 4,691 2,400 4,680 1,950  

 

PathResol 100 0.2mm between points

0

0,5

1

1,5

2

2,5

3

V5 V7 V10 V15 V20 V40 V80

Velocity (mm/s)

Ti
m

e 
(s

) Run 1
Run 2
Calculated time

 

Appendix B:2 



 Method to off-line program robotized Metal Deposition 

PathResol 50 0.2mm between points

0

0,5

1

1,5

2

2,5

3

V5 V7 V10 V15 V20 V40 V80

Velocity (mm/s)

Ti
m

e 
(s

) Run 1
Run 2
Calculated time

 
PathResol 100 0.5mm between points

0

1

2

3

4

5

6

7

V5 V7 V10 V15 V20 V40 V80

Velocity (m m /s)

Ti
m

e 
(s

) Run 1

Run 2

Calculated time

 

Appendix B:3 



 Method to off-line program robotized Metal Deposition 
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E GSL import program flowchart 
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F GSL import program 
PROGRAM readstring 
VAR 
blue,yellow,red,color,i,j,k,c,ascii_model,ascii_a,n            :Integer 
p,in_line,a,a_trim,model,device_name,datalib,infile            :String 
d,qx,qy,qz,px,py,pz,rx,ry,rz,xd,yd,l_0, l_1, a_1, a_01, a_tot  :Real 
a_0, a_2, b_tot, x,y,z,x1,y1,z1,x2,y2,yaw                      :Real 
plate,pitch, roll,yaw1, pitch1, roll1,l,weldwidth,z_max,wx,wy  :Real 
green_var,yellow_var                                           :position 
pq,qp,qr,w                                                     :vector 
 
 
BEGIN main 
 OPEN WINDOW 'Window' @ -10.50, 1.1: 10 AS 1 
 read_kbd('what type of model do you want to create? Select (B)oss, (R)otation 
symetrical or (E)xit' ,  model) 
 ascii_model=asc(model) 
 weldwidth=6 
 SWITCH ascii_model 
  case 98:                                                     --boss 
   boss() 
  case 66:                                                     --boss 
   boss() 
  case 82:                                                     --sweep 
   sweep() 
  case 114:                                                    --sweep 
   sweep() 
  case 69:                                                     --exit 
   EXIT 
  case 101:                                                    --exit 
   EXIT 
  DEFAULT: 
   EXIT 
 ENDSWITCH 
 close #1 
 close #2 
 close #3 
END readstring 
 
 
 
PROCEDURE boss() 
var str_var                                                    :string 
    md_path                                                    :path  
BEGIN 
 datalib = 'H:\\Volvo\\PROGRAMS\\files' 
 IF ( FILE_POP_UP( datalib, infile )) then 
  OPEN FILE infile for input AS 2 
 
  if(select('Select the device you want to connect the path to.',DEVICE,TRUE, 
device_name)) then 
   write @1, (device_name, 'selected', CR) 
  endif 
  CREATEPATH_ON (device_name, md_path) 
 
  read_kbd('How thick is your plate?' ,plate) 
  k=1 
  i=1 
  j=1 
  yellow=0 
  WHILE (READ_LINE( #2, in_line) <> $EOF ) DO 
   a = SUBSTR(in_line, 1, 1) 
   ascii_a = asc( a ) 
   SWITCH ascii_a 
 
    CASE 71:                                                   --Linear movement 
     switch color 
 
      Case 31:                                               --Cyan - Machining movement 
       a = SUBSTR(in_line, 6, 200) 
       c = SCAN_STR( a, " ,", x, y, z, yaw, pitch, roll) 
       xd=x-x2 
       yd=y-y2 
       d=sqrt((xd*xd)+(yd*yd)) 
                 
       if(d>0.5)then 
        str_var=str('p%g',i) 
        apndpath( md_path, str_var) 
        str_var=POS ( x, y, z+plate ,yaw+180, pitch, roll) 
        i=i+1 
        j=j+1 
        x2=x 
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        y2=y 
       endif 
                    
      Case 36:                                              --Green - Step over movement 
       if (blue==1) then 
        a = SUBSTR(in_line, 6, 200) 
        c = SCAN_STR( a, " ,", x, y, z, yaw, pitch, roll) 
        green_var=POS ( x, y, z+plate ,yaw, pitch, roll) 
                 
        UNPOS (yellow_var, qx, qy, qz, yaw, pitch, roll) 
        UNPOS (blue_var, px, py, pz, yaw, pitch, roll) 
        UNPOS (green_var, rx, ry, rz, yaw, pitch, roll) 
               
        qp=vec(px-qx,py-qy,0) 
        qr=vec(rx-qx,ry-qy,0) 
        pq=vec(qx-px,qy-py,0) 
                    
        if (qr[0]<>0) then 
         wx=(((qp[0]*qr[0])+ (qp[1]*qr[1])) / ((qr[0]*qr[0]) + (qr[1]*qr[1]))  ) * qr[0] 
        else 
         wx=0 
        endif 
             
        if (qr[1]<>0)then 
         wy=(((qp[0]*qr[0])+ (qp[1]*qr[1])) / ((qr[0]*qr[0]) + (qr[1]*qr[1]))  ) * qr[1] 
        else 
         wy=0 
        endif 
              
        x1=px+2*(pq[0]+wx) 
        y1=py+2*(pq[1]+wy) 
              
        str_var=str('p%g',i) 
        apndpath( md_path, str_var) 
        str_var=POS ( x1, y1, pz ,yaw+180, pitch, roll) 
        i=i+1 
           
        str_var=str('p%g',i) 
        apndpath( md_path, str_var) 
        str_var=POS ( rx, ry, z+plate+5 ,yaw+180, pitch, roll) 
        i=i+1 
 
        str_var=str('p%g',i) 
        apndpath( md_path, str_var) 
        str_var=POS ( rx, ry, z+plate ,yaw+180, pitch, roll) 
        i=i+1 
        blue=0 
 
       else 
        a = SUBSTR(in_line, 6, 200) 
        c = SCAN_STR( a, " ,", x, y, z, yaw, pitch, roll) 
        str_var=str('p%g',i) 
        apndpath( md_path, str_var) 
        str_var=POS ( x, y, z+plate ,yaw+180, pitch, roll) 
        i=i+1 
       endif 
                  
      Case 37:                                                --White - Retract movement 
       a = SUBSTR(in_line, 6, 200) 
       c = SCAN_STR( a, " ,", x, y, z, yaw, pitch, roll) 
       str_var=str('p%g',i) 
       apndpath( md_path, str_var) 
       str_var=POS ( x, y, z+plate ,yaw+180, pitch, roll) 
       i=i+1 
           
      Case 42:                                                --Yellow - Engage movement 
       a = SUBSTR(in_line, 6, 200) 
       c = SCAN_STR( a, " ,", x, y, z, yaw, pitch, roll) 
       str_var=str('p%g',i) 
       apndpath( md_path, str_var) 
       str_var=POS ( x, y, z+plate ,yaw+180, pitch, roll) 
       yellow_var=POS ( x, y, z+plate ,yaw, pitch, roll) 
       i=i+1 
       j=1 
             
      Case 186:                                                --Red - Rapid movement 
       if(red<3) then 
        a = SUBSTR(in_line, 6, 200) 
        c = SCAN_STR( a, " ,", x, y, z, yaw, pitch, roll) 
        z=z+50 
        str_var=str('p%g',i) 
        apndpath( md_path, str_var) 
        str_var=POS ( x, y, z+plate ,yaw+180, pitch, roll) 
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        i=i+1 
        red=red+1 
       endif 
                    
      Case 211:                                               --Blue - Approach movement 
       a = SUBSTR(in_line, 6, 200) 
       c = SCAN_STR( a, " ,", x, y, z, yaw, pitch, roll) 
       str_var=str('p%g',i) 
       apndpath( md_path, str_var) 
       str_var=POS ( x, y, z+plate ,yaw+180, pitch, roll) 
       blue_var=POS ( x, y, z+plate ,yaw, pitch, roll) 
       i=i+1 
       blue=1 
                
      Default: 
     Endswitch 
       
    CASE 80:                                                   --Paint 
     a = SUBSTR(in_line, 13, 12) 
     c = SCAN_STR( a, " ,", color) 
     if(color == 186) then 
      red=1 
     else 
      red=0 
     endif 
         
    CASE 82:                                                   --Rapid movement 
    DEFAULT:                                                   --Default 
   ENDSWITCH 
   k=k+1 
  ENDWHILE 
 write @1, ('Number of tags is: ',i,cr) 
 delpath(yellow_var) 
 delpath(blue_var) 
 delpath(green_var) 
 ELSE                                                          --If no file were opened 
  WRITE("File selection aborted by user.", cr) 
 ENDIF 
END boss 
 
 
 
 
PROCEDURE sweep() 
var str_var                                                    :string 
    md_path                                                    :path  
BEGIN 
 datalib = 'H:\\Volvo\\PROGRAMS\\Files' 
 IF ( FILE_POP_UP( datalib, infile )) then 
  OPEN FILE infile for input AS 2 
  open file 'H:\\Volvo\\PROGRAMS\\Files\\output.txt' for output as 3 
  if (select ('Select the device you want to connect the path to.', DEVICE, TRUE, 
device_name)) then 
   write @1, (device_name, 'selected', CR) 
  endif 
  CREATEPATH_ON (device_name, md_path) 
  read_kbd('How thick is your plate?' ,plate) 
  k=1 
  i=1 
  WHILE ( READ_LINE( #2, in_line) <> $EOF ) DO 
   a = SUBSTR(in_line, 1, 1) 
   ascii_a = asc( a ) 
   SWITCH ascii_a 
 
    CASE 71:                                                   --Linear movement 
     a = SUBSTR(in_line, 6, 200) 
     c = SCAN_STR( a, " ,", x, y, z, yaw, pitch, roll) 
     if (z==z1) then                   --Splitting a long line into n pices for stepping 
      l=(x-x1) 
      n=abs(l/weldwidth) 
      if(   abs((l/weldwidth)-n) <> 0 ) then 
       n=n+1 
      endif 
      x2=x1 
      for j=1 to n do 
       x=x2+(l/n) 
       str_var=str('p%g',i) 
       apndpath( 'md_path', str_var) 
       str_var=POS ( x, y, z+plate,yaw+180, pitch, roll)        
       write (#3, x,' ',z,cr) 
       i=i+1 
       x2=x 
      endfor 
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     else 
      str_var=str('p%g',i) 
      apndpath( 'md_path', str_var) 
      str_var=POS ( x, y, z+plate,yaw+180, pitch, roll)         
      write (#3, x,' ',z,cr) 
      i=i+1 
     endif 
     x1=x 
     y1=y 
     z1=z 
    CASE 80:                                                   --Paint 
    CASE 82:                                                   --Rapid movement 
    DEFAULT:                                                   --block4 
   ENDSWITCH 
   k=k+1 
  ENDWHILE 
 ELSE                                                          --If no file were opened 
  WRITE @1,("File selection aborted by user.", cr) 
 ENDIF 
END sweep 
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G GSL export programs 
PROGRAM export_boss_to_prg 
var 
 
BEGIN main 
 move home 
 move along md_path 
 move home 
END export_boss_to_prg 
 
 
 
PROGRAM export_rotation_to_prg 
var 
pathlength,i,j                  :integer 
tag_var,str_var           :string 
v,x,y,z,yaw,pitch,roll,circumference,weldspeed :Real 
 
BEGIN main 
 i=1 
 --+OPEN WINDOW 'Window' @ -10.50, 1.1: 10 AS 1 
 --+read_kbd('Enter the welding speed?' ,weldspeed) 
 --+write @1,('weld speed = ',weldspeed,cr)  
 --+pathlength = PATHLEN( md_path ) 
 --+write @1,('pathlength = ',pathlength,cr) 
 move home 
 move to p1 
 --+select_path(md_path) 
 
 while ( i<pathlength ) do 
  --+str_var=str('p%g',i) 
  --+UNPOS (str_var, x, y, z, yaw, pitch, roll) 
  --+circumference=2*abs(x)*PI 
  --+v=(weldspeed/(abs(x)*pi))*180 
 
  --+move joint 9 by +355 nosimul 
  ---IndRMove STN1,2\ToRelNum:=355\Fwd,v 
  --+move joint 9 by +5 nosimul 
  ---IndRMove STN1,2\ToRelNum:=5\Fwd,v 
  move along md_path 
 
  i=i+1 
 endwhile 
 move home 
END export_rotation_to_pr 
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