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1. Abstract
As part of the quality process and to assure that the product meets all geometric requirements, the
produced part is measured and compared to the nominal geometry definition. If the part deviates
outside given tolerances, there is a need to understand the effect on aero performance and
mechanical function. Hence, a new analysis model must be created that reflects the produced shape
and form of the product. The current procedure for measuring the part is to use white light scanning
equipment to analyze the deviation with the scanning software GOM™. The analysis model is then
created using Space claim™ and is meshed and analyzed using Ansys™ software. The objective with
this thesis is to investigate the capabilities within Siemens NX™ to automate the procedure as there
is a need to be more efficient and reduce lead-time.
The Design Research Method is used to develop the automated procedure. This is a systematic
method that identifies the task, presents possible solutions to that task and then evaluates those
solutions. That workflow is repeated until a satisfying solution is found.
It is found that it is possible to create an automated procedure in Siemens NX. This automated
procedure requires no user interaction while running, so the lead-time is drastically reduced. The
automated procedure morphs the nominal geometry to create a new surface with better
resemblance to the scanned geometry. About 90% of the original surface area is outside a tolerance
of 0.1mm, after the automated procedure the new surface has about 90% of the surface area inside
a tolerance of 0.1mm.
The limiting factor for the procedure is the skill of the developer and not the capability of the
software. Therefore it is thought that the procedure could be improved to create a surface
completely inside the specified tolerance, given that a more skilled developer refines the procedure.

2. Abbreviations
TRS - Turbine Rear Structure
CAD - Computer Aided Design
CAM - Computer Aided Manufacturing
CAE - Computer Aided Engineering
PLM - Product Lifecycle Management
GOM - Gesellschaft für Optische Messtechnik
STL - Stereolithography
DRM - Design Research Methodology
KF - Knowledge Fusion
CFD - Computational Fluid Dynamics
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3. Introduction
This chapter will cover the background and the scope of the thesis.
The work in this thesis uses a TRS (Turbine Rear Structure) currently in production at GKN, access to
any images of this TRS is restricted to GKN personnel only. Most of the pictures produced in the
process of this thesis are such pictures and has therefore been replaced by similar pictures of
another TRS. However, some pictures could not be replaced and had to be left out completely. The
results and conclusions in this thesis are built upon the replaced pictures of the TRS and not the
pictures seen in the report.

3,1. Background
When a part is developed it is designed to meet certain performance requirements, the developed
part is defined with a nominal geometry and a tolerance. The part is designed in a CAD software and
simulations on the part are used to verify that it meets these performance requirements.
When the nominal part is manufactured deviations are introduced, the manufactured part is called
the actual part. Tolerance levels are used to decide if the deviations are small enough to be
neglected or not. If the deviations are outside the specified tolerance levels, the simulations
performed on the nominal part cannot be used. In this case new simulations must be performed on
the actual part.
To measure the deviations the actual part is scanned with white light scanning equipment and
processed by the scanning software GOM. GOM creates a three-dimensional point cloud of the
actual part, this point cloud is then analyzed together with the nominal part in GOM. This point cloud
cannot be used to create a useful mesh of the actual part. Instead the point cloud is exported from
GOM as an STL file, which can be imported into NX and there be used as a reference geometry.

3,2. Scope and Objective
The scope of this thesis is to work with Siemens NX, the company standard CAD tool, to investigate
the procedures for creating CAD geometry based on a measured point cloud. Different approaches
are formulated, tested and documented in a thesis report.
The objective of this work is to investigate the capabilities within Siemens NX to automate the
procedure as there is a need to be more efficient and reduce lead-time.
The STL exported from GOM should be imported and used as a reference geometry in NX when
creating a hybrid geometry with the shape of the actual part and the smoothness of the nominal
part.
A section of a TRS is used to develop and test the methods and scripts. Several STLs from different
produced parts, all with non-conformances, are provided.

4. Frame of reference
This chapter describes the types of software’s needed in this thesis and motivates why certain brands
were chosen.

4,1. Measurement techniques
A software that handles the scanning data is needed. This is a software that, together with the
scanning hardware, produces deviation analyses and exports the scanned geometry in the STL
format.
There are several different techniques to measure the deviations between a nominal and actual part,
each with different strengths and weaknesses.

4,1,1. Physical probing
This measurement technique uses a probe to measure an object by physically finding the surface.
This is the oldest of the techniques discussed in this thesis (Bosch, 1995). The accuracy of this type of
measurement machine is often on the micrometer level. The probe is moved to a new position on
the surface each time a new measurement is made, each measurement produces one point in the
point cloud. The resolution of this technique is therefore limited compared to the other techniques.
(Exact Metrology, 2019)

4,1,2. Laser scan
The laser is either hand held or mounted on a mechanical arm. When measuring, the laser beam
sweeps over the surface of the object continuously collecting data points. The data point collection
speed can be up to 500 000 points per second. (Exact Metrology, 2019)

4,1,3. White light scanning
The cameras used for white light scanning are usually mounted on a tripod. The cameras take
pictures of the surface from different angles. The density of the collected points can be up to
8 000 000 points in an area of 30 square mm, such a density is achieved after scanning for a few
seconds over the area.
The white light scanning method is used at GKN because of the high point cloud density. There are
several softwares available for analyzing the data retrieved through the white light scan. CoreView
Pro, Exact Metrology and GOM are three examples.
Exact Metrology is a software that in addition to white light scans support laser scans and probings as
sources for the measurement data. (Exact Metrology, 2019)
CoreView Pro is the package in the CoreView bundle that supports white light scans. (Hexagon
Manufacturing Intelligence, 2019)
GOM stands for “Gesellschaft für Optische Messtechnik” which is German for “Society for optical
measurement techniques”. GOM is the software used by GKN and is therefore the software that
provides the STLs in this thesis. (GOM, Precise Industrial 3D Metrology, 2019)

4,2. CAD
Computer Aided Design (CAD) is a type of software where a designer creates and analyses two- or
three-dimensional objects. The two-dimensional objects are drawings, containing information about
the dimensions of the object. The three-dimensional objects are often solid models, containing
information about dimensions, material properties and the surface of the object.

To create a hybrid surface a suitable CAD software is needed. The hybrid surface is a new surface
with the approximate shape of the actual part and the smoothness of the nominal part. This software
should be able to automatically recreate or morph a surface geometry according to a reference STL
file.
There are four leading developers in the field of 3D CAD softwares. They are Autodesk, with the
software Inventor™. Dassault systemes, with the software CATIA™ and Solidworks™. PTC, with the
software PTC Creo™. And Siemens, with the software NX™ and Solidedge™. Their softwares have
similar capabilities in a range of areas including CAD, CAE, CAM and PLM. (Tornincasa, 2010)
Since NX is the software used by GKN, it will be used in this thesis and is therefore studied further.

4,2,1. NX
NX is Siemens CAD software, it is used by GKN and other various industries. It runs on the Parasolid®
kernel. Some key features in the software are:
4,2,1,1. Knowledge fusion
Knowledge fusion (KF) is a function in NX where commands are performed through code, instead of
the usual way where the user interacts with the software to apply different tools and operators. The
code is in NX own language. The power of KF is in its ability to use a predefined chain of commands,
as is useful in an automated process.
4,2,1,2. Journaling
Journaling is a tool within NX that records the commands performed by the user into a script in
either Visual Basic or Python code. This script can then be run to recreate the same procedure
without any user interaction
4,2,1,3. Part navigator
The part navigator, also known as the history tree, displays the working part and all its features and
operations in chronological order.
4,2,1,4. Key tools used in NX
Here follows a list of tools and functions in NX that are used in the process developed in this thesis.
•
•
•

•
•

•
•
•

Datum plane
o A plane defined in 3D space
Sketch
o A two-dimensional drawing, often located on a datum plane
Extrude
o Creates a volume by extending the lines in a drawing perpendicular to the sketch
plane
Unite
o Boolean operation where two or more objects are joined as one feature
Subtract
o Boolean operation where the body of one object is removed where it intersects
another body
Extract geometry
o An operation where the surface elements of a solid body is extracted
Sew
o Operation where two or more surfaces are joined as one feature
X-Form

•
•
•
•
•

o A surface is moved through dragging poles with the mouse
Best fit
o Iterative process that relocates one object towards another in space
Convert facet body
o Converts the convergent body of an STL file into a facet body
Global deformation
o A tool that morphs a sheet model according to a reference faceted body
Bridge
o Creates a sheet surface that connects two edges
Deviation gauge
o Displays deviation data between a surface and a reference object

Some of the tools that are of high importance in the morphing process are explained further.
X-Form tool
The X-Form tool is a tool in NX that reshapes the surface of an object by displacing a grid of poles.
The number of poles placed on the surface is specified by the user, a higher density of poles on the
surface gives higher resolution in the morphing.
Best fit tool
The Best fit tool relocates a feature, without morphing it, to minimize the distance between it and
another feature through an iterative process. The degrees of freedom of the relocation can be
specified by the user, examples of settings could be to only allow rotation or translation in a certain
direction. The purpose of the best fit tool is to align the nominal and actual geometries.
Parametric method
The parametric method is a method that uses several standard tools to create and relocate a
parametric surface. Either a copy or a recreation of an existing parametric surface is used. All
surfaces in the nominal geometry are parametric surfaces. The parametric method can for example
include the use of the best fit tool.
Global deformation
The global deformation tool morphs a sheet body with a faceted body as reference. A faceted body is
one possible way of representing the point cloud of the actual geometry in NX. The tool has a
number of settings available to the user. One important example is that the user can specify the
degree and grid size of the deformation, these settings decide the precision of the deformation. If
the settings on these parameters are increased, the precision and required computational time also
increases. It is preferable to keep the settings as low as possible as long as an acceptable surface is
achieved in order to save time.

5. Research Methodology
The work in this thesis has followed the Design Research Method (DRM) seen in Figure 1, described
by Lucienne Blessing and Amaresh Chakrabarti. (Lucienne Blessing, 2002)

Figure 1: Flow chart of the DRM, as explained by Blessing and Chakrabarti.

DRM is a methodology that systematically finds and improves upon a procedure. First the current
situation and problem is described, then a possible solution to the problem is presented together
with the outcome of that solution. Then improvements on that solution is presented together with
the outcome of the improved solution. This process is repeated until a satisfying solution is found.
The first input in the methodology is the written description of the problem presented in the
application to the thesis. This input is a description of the current situation and goal of the
procedure.
The work in this thesis is performed at GKNs research and development department. The constant
presence of experienced engineers offers continuous guidance as the work progresses. This is the
process where possible solutions are presented, evaluated and improved.
When some progress on the solution is made, meetings are held with the CFD engineers who will
mesh the output surface. They have the expertise required to verify the quality of the solution and
the usefulness of the result.

6. Result
The result chapter will display the results of the different stages of the study in the DRM.
The first descriptive study investigates the current situation to identify criterias that can be used to
guide the work and to measure the level of success. The prescriptive study presents possible tools
and methods to achieve the goals identified in the initial descriptive study. The second descriptive
study evaluates the tools and methods presented in the prescriptive study.

6,1. Current practices of analyzing deviations based on a measured point cloud
It is primarily the need from analytical engineers that set the requirements of the procedure to
create an analysis model based on a measured point cloud.
Two previous thesis works at GKN related to this work are:
•

•

Improvement of Aerodynamic Performance Predictions for a Component with Manufacturing
Features by Oscar Linde. (Linde, 2013) The thesis aim to develop a design practice method to
simulate individual sectors of GOM scanned manufactured TRS:s in CFD. One outcome from
this work is that the process of producing analysis models are “Relatively time consuming in
terms of manual work”
CAD generation and aerodynamic performance from STL data by Priscilla Susai. (Susai, 2018)
The main purpose of this thesis is to investigate the manufactured TRS and their effects on
aerodynamic performance using Computational Fluid Dynamics (CFD) tools.

The usefulness of the surface is determined through inspection of the smoothness and the
magnitude of deviation between the created and the scanned surface.
The smoothness should only be inspected while the automation procedure is being developed. When
a satisfying procedure that results in a smooth surface is created, the same smoothness is consistent
regardless of which STL file is being used as a reference.
The magnitude of the deviation profile on the other hand should be analyzed as part of the
automation procedure. That would create deviation profiles between the actual and morphed
geometries at the end of the procedure, so when the automated procedure has produced a new
hybrid surface an analysis is also included.
The time that the automation procedure needs for creating a surface is not as important as the
quality of the surface since there is no user interaction during the procedure. The engineer is free to
work on something else while the automation is running.
The manufactured TRSs are scanned with a white light scanning method, the data from the scan is
processed by the software GOM. This creates a model of the produced part which can be analyzed
and compared to the nominal version of the TRS. GOM uses the data from the scan to create a point
cloud which can be meshed by the GOM software or exported as an STL file. GOM will contain both
the nominal and actual geometries so that analyses can be performed in the software. The mesh
created on the actual part by GOM is too coarse to be useful in any simulations.
To be able to make a mesh of the actual model a new hybrid geometry that resembles the actual
geometry but has the smoothness of the nominal geometry has to be created.

Currently such a hybrid geometry is created in Space Claim for those TRS that are out of tolerance. If
the process of creating a hybrid model could be fully automated in NX it would be more efficient
than GKNs current process in Space Claim.
Based on discussions with aero engineers that are working with non-conformance it is found that the
current way of working is somewhat tedious and time consuming.
The major requirements are that the procedure should be automatic and produce a surface model
useful for meshing with different STL files as input.
Hence, the criterias for measuring the developed methods are:
•
•
•
•

Level of accuracy between measured point cloud (STL) file and morphed CAD geometry in
selected zones.
Level of surface quality in order to perform CAE analysis.
Level of automation in terms of manual steps needed.
Lead-time for each activity.

6,2. Defining the quality of the surface
To categorize the success of a certain tool or method, a common grading system of the produced
surface is needed. The quality of the surface that is created is here categorized as either good,
mediocre or poor.
A good hybrid surface is a smooth surface with low deviation to the actual surface. The surface is
considered useful for meshing and has no immediate need for improvement.
A mediocre hybrid surface is deemed acceptable with respect to smoothness and deviation, but
there is room for improvements.
A poor surface is either too rough and/or too deviated to be useful for meshing.

6,3. Possibilities of morphing of the CAD geometry
This chapter presents and evaluates the possible tools and methods that can be used to achieve the
goals identified in the initial descriptive study.
NX is the chosen CAD software and it must be verified that it has the adequate tools for
automatically creating the hybrid geometry. The most promising tools and methods that are possible
in NX are presented in this chapter.
The expected outcome is a script that performs the morphing of the nominal geometry with an
actual geometry as a reference to create a smooth hybrid sheet geometry that can be used for
meshing. A possible automatic procedure for the creation of a morphed surface is presented.

6,3,1. X-Form tool
The X-Form tool is capable of morphing the nominal geometry to a very close resemblance with the
actual geometry, if the pole density is set to several poles per square millimeter. The morphing
resulted in a good surface with respect to the deviation profile, but a poor surface with respect to
smoothness. Figure 2 displays a basic example where the X-Form tool is applied on the top side of a
block. The poles along one of the edges has been displaced and it is seen that the surface of the block
has morphed accordingly.

Figure 2: Basic example of the X-Form tool

The X-Form tool can be included in an automated procedure, but the tool can’t take another
geometry as a reference. This means that the only thing the tool can accomplish in an automation is
a predefined morphing, independent of the reference geometry.

6,3,2. Best fit tool
The best fit tool corrects for offsets between the nominal and actual geometries, but does not affect
any other types of deviations. Therefore is the result a poor surface in regard of the deviation profile,
but a good surface with respect to the smoothness. It is seen in Figure 3 that even though the
nominal geometry is in closer correlation after best fit is performed, there are still apparent
deviations. The grey surface is the nominal geometry and the blue surface is the reference geometry.

Figure 3: The result of the best fit tool, with the original alignment to the left and the resulting alignment to the right. The
blue geometry is the reference geometry and the grey geometry is the nominal model

6,3,3. Parametric method
The parametric method keeps the original smoothness of the nominal model and is good for sharp
features like the weld support ridge. But with respect to the deviation profile the resulting surface is
mediocre. Since the parametric method is a collection of tools put together as a method, its success
is highly dependent on the skill of the engineer.
Figure 4 shows a scenario where the parametric method is applied. The blue peak is the shape and
location of the original weld support ridge in the nominal model. The orange frame in in Figure 4 is a
recreation of the shape of the ridge that has been moved towards the surface of the actual
geometry. In this particular example the idea is to put similar recreated shapes along the whole ridge
and create a surface between them, in that way a new ridge would be created closer to the surface
of the actual geometry.

Figure 4: Illustration of the parametric method. The blue peak is the original weld support ridge seen in profile, the orange
frame is the new ridge seen in profile.

6,3,4. Global deformation
The tool produces good surfaces with respect to both deviation profile and smoothness. Figure 5
displays the result of the global deformation tool, performed on a vane of the TRS. There is a big
improvement for both the maximum deviation value and the percentage of the surface outside a
specified value. The values shown in Figure 5 are from the original geometries and not the
geometries seen in the picture.

Figure 5: To the left is the actual (blue) and nominal (light grey) surfaces. To the right is the actual (blue) and morphed (dark
grey) surfaces.

6,4. Evaluation of the possibilities of morphing of the CAD geometry
The presented tools and methods all have different strengths and weaknesses, few of them creates
good surfaces on their own. Therefore, a combination of the tools and methods is used to take
advantage of their different strengths. Figure 6 shows a table where the assessment of the different
tools and methods are summarized. The X-Form tool is abandoned due to its inability to be
automated in a useful way.

Figure 6: Summary of the different morphing tools

To achieve an as good surface as possible, the best fit tool is used first to give the other tools as good
prerequisites as possible. Then the parametric method and global deformation is used on the sharp
and flat surfaces respectively.

6,4,1. Creating a base model
Now there is a set of tools verified to be able to automatically create a hybrid surface. The procedure
in which they are applied can now be defined in more detail.
A number of operations that needs to be performed in the beginning of the procedure are
independent of the reference geometry and can therefore be performed outside of the automation
procedure. Those operations are described in this chapter.
The operations are performed and saved into a part file named “Base model”, this part file then
contains both the nominal geometry and the operations. This reduces the complexity of the script
and the number of actions that it needs to perform during the automation procedure, thus the time
it takes to execute is reduced.
The morphing will be performed on one of the vanes of the TRS, this vane is located at section G. The
TRS is divided into ten sections, one for each vane. Section G is one of these sections. The surface
elements of section G is extracted since a sheet model is needed in the deformation process. Planes,
sketches and extrudes are created to be able to cut both the nominal and actual geometries. The
extrudes are used together with the subtract tool to cut the geometries. There are other ways than
using extrudes to perform the cuts, but the boolean operation to subtract the unwanted pieces with
an extrude is proven the most robust way in an automation. An explanation of why the boolean
subtract tool is preferred is explained in the discussion under Problems encountered when recording.
The procedure to cut the surfaces of the actual and nominal geometries are explained for the case
where section G is cut from the rest of the TRS. Two extrudes are united to form a solid with a cavity
where section G is located. This cavity will always contain section G and nothing else. How this
feature with a cavity is created is illustrated by Figure 7. This unite will then occupy the same space
as the TRS everywhere except at section G. The subtract tool then removes all features that
intersects with the united body, so section G is left while the rest of the TRS is removed. This is
performed on the nominal geometry so that it is already cut when the actual geometry is imported.

Figure 7: The first two features, to the left and in the middle, are extrudes with holes straight through them. These extrudes
are united into the feature to the right with a cavity formed where the holes of the extrudes intersect.

Figure 8 displays a see through picture of the TRS inside the feature with the cavity. The big orange
frame is the edges of the unite that engulfs the whole TRS, the small orange frame is the edges of the
cavity containing section G.

Figure 8: The TRS and the united body engulfing it.

Further sketches, planes, extrudes and unites are created for the cutting of the welds and vane
pieces of section G.
The last thing to be prepared in the Base model is to extract a non-associative copy of the surface of
the vane and welds to be used by the best fit tool.

6,4,2. Creating a script
The automation procedure consists of a script that creates the hybrid geometry. This script is created
with the journaling tool in NX. Journaling records a manual workflow performed by the user.
The workflow that is recorded with journaling begins with importing and cleaning the STL, the
cleaning of the STL is a procedure to avoid the phenomenon selection stickiness. What selection
stickiness is and how the cleaning is performed is explained in depth in the Discussion under
Problems encountered when recording.
When the STL is cleaned, the Base model is opened and the cleaned STL is imported. Now the Base
model contains both the nominal and actual geometries, together with features to cut the bodies.
The actual geometry is cut with the help of the unite feature with a cavity created in the Base model,
only the vane of section G remains after the cut. The nominal geometry is already cut in the same
way. The nominal vane of section G is now moved to the actual vane of section G with the best fit
tool to increase their alignment.
The surface of the vane is relatively flat so the global deformation tool is better suited than the
parametric method. Therefore global deformation is used on the whole vane, but to increase the

quality of the produced surface the vane is split into smaller pieces before global deformation is
applied.
The vane has two welds at the edges of its surface, these welds are rough compared to the surface of
the rest of the vane. The vane is therefore cut into three smaller pieces, one small piece for each of
the two weld regions and one bigger piece for the rest of the vane. Again a premade unite feature in
the Base model is used to perform the cut, the nominal geometry is already cut in the Base model.
The global deformation tool is now applied on all three pieces of the vane, creating a new hybrid
vane in three separate surfaces. The regions can be seen as the grey areas in Figure 10. Cutting the
vane into pieces allows global deformation to use a higher resolution in the rougher weld areas while
maintaining a lower resolution over the simpler area at the middle of the vane. This saves
computational time compared to if a high resolution were to be used on the whole vane.
One drawback of cutting the vane into smaller pieces is that the new hybrid pieces are disjoint from
each other. This happens because each piece is deformed without consideration of its neighboring
pieces, the edges therefore end up at different places. The disjoint distance is in reality small, but the
software recognizes it nevertheless.
The bridge surface tool is used to create a surface that connects the edges of the disjoint hybrid vane
pieces. However further operations are needed before smooth transitions between the edges of two
pieces can be created. This is illustrated in Figure 9, where the black lines representing the disjoint
hybrid surfaces are connected with the red line representing the bridge. In case A the bridging is
performed without any further operations and the result is a bridge perpendicular to the rest of the
vane. This is prevented by removing portions of the edges of the hybrid surfaces before the bridge is
created, as can be seen in case B.

Figure 9: Illustration of the impact on smoothness if a portion of the surface is removed before bridging

The quality of the bridge can be affected in several ways. One way is to adjust the amount of the
edges that are removed before the bridges are created. Another way is to adjust the tangent
magnitude in the settings, this controls the smoothness of the tangent. To change the tangent
magnitude in a useful way, eyeballing is required as guidance. Therefore this automation procedure
uses the method to remove a portion of the edges.
When the bridging is complete a new hybrid vane has been created, Figure 10 displays a vane
created by the script.

Figure 10: Bridged hybrid vane. The grey areas are the pieces created by global deformation and the green areas are the
bridges.

When the bridging is complete a deviation analysis with the deviation gauge tool is performed before
saving the work in a new save file. The reason to save the work into a new save file is to keep the
Base model in its original shape, so that it can be reused by the script over and over again.
After the model is saved, the recording is stopped. Now a text file with Visual Basic code has been
created and stored by the journaling tool. The journaling tool is capable of running this text file,
creating the same results.
The goal is to have one script that performs the whole procedure, this will make the automation
more efficient. This requires the whole session to be recorded in one run without interruption. If the
recording would be interrupted and restarted so that two or more separate scripts would be created,
the variables in the different scripts would be given the same names. In a case where multiple scripts
are created they should be merged through copy and pasting in a text editor, but since the variables
in the different scripts are given the same names this cannot be done without first manually
assigning new names to all conflicting variables.
A crib sheet with all the steps of the procedure is developed so that the engineer creating the script
does not have to remember all steps by heart. This made it possible to record the whole procedure
into one script without interruption.
The script takes about 45 minutes to create the new hybrid geometry. There are two things that
requires the majority of the time. The cleaning of the STL file requires about 14 minutes since the STL
file contains a lot of data points. The other operation to require a lot of time is the deformation of
the two weld pieces, which requires about 15 minutes each because of the high resolution applied
there. The deformation of the vane with its slightly lower resolution finishes almost instantly.

6,4,3. Results of the script
Six surfaces were created by the script, one for each reference geometry provided. Since any images
of the real TRS used in this thesis are restricted to GKN personnel only the produced vanes cannot be
shown, only explained in text.
Three deviation profiles are created for each vane. One is the original deviation of the actual
geometry compared to the nominal geometry. Another is the deviation between the hybrid
geometry and actual geometry. The last one is the difference between the nominal geometry and the
hybrid geometry.
The result of the script follows a clear trend, the deviations are drastically reduced. In average 90.6%
of the deviation between the actual and nominal geometries is bigger than 0.1mm. This is reduced to
an average of 9.1% deviation between the actual and the hybrid geometries.
The average maximum deviation between the nominal and actual geometries is 1.91 mm. After the
morphing the average maximum deviation between the morphed and actual geometries is 0.41mm.
It is also seen that the deviation profile of the actual geometry compared to the nominal geometry is
very similar to the deviation profile of the hybrid geometry compared to the nominal geometry. This
indicates that the hybrid surface has been moved and morphed to compensate for the original
deviation. If the hybrid geometry would be identical to the actual geometry, the two deviation
profiles discussed would also be identical.
The leading edge and the sides of the vane are the best areas for the morphed geometries with
respect to the deviation profiles. The trailing edge shows a slightly worse deviation profile.

7. Conclusions
The scope and objective of this thesis was to investigate the capabilities within Siemens NX to
automate the procedure where a surface for meshing is created. It is found that the tools available in
the software are capable of automatically morphing a surface.
The results of this thesis suggest that a surface with about 10% deviation bigger than 0.1mm can be
produced automatically. This is a big improvement since the original average deviation was about
90% deviation bigger than 0.1mm. The average maximum of the deviation is reduced from 1.91mm
to 0.41mm.
Eyeballing suggests that smooth surfaces are created automatically by the script, there are no
obvious sharp edges or rough areas created.

8. Discussion
The surface produced by the script could be improved further by adjusting the procedure. For
example, the trailing edge could be cut into a separate piece so that the accuracy could be improved
over that specific region.
Since the procedure is automatic and does not require any user interactions, the time it takes to
complete is of no big concern.
It has taken the whole time of this thesis work to develop and create the automatic procedure in the
script. But if another script for another section of any other TRS were to be produced, it would be a
much quicker process now that the general idea of the procedure exists.
The reason for why Journaling was used instead of Knowledge Fusion is that Journaling creates Visual
Basic code which is easy to interpret, and it is used by other people at GKN. Knowledge Fusion
produces code in NX own language, which few people can read.
A possible bug in the journaling tool is discovered when the Global Deformation tool is recorded. The
produced script names the features created by Global Deformation as “Global Deformation(i)”,
where i represents the number of any particular deformation. When the script runs however the
deformed features are named “Springback Compensation(i)” in the part navigator, resulting in an
error when the script tries to use the features named “Global Deformation(i)”. This bug is avoided by
manually replacing the names in the script after it has been recorded.

8,1. Problems encountered when recording
8,1,1. Selection stickiness
Selection stickiness is a problem that occurs in NX when using the Journaling function. The script that
is created with Journaling names each feature in the model according to both the specific type of the
feature and the chronological order in which it is created. When a script run it calls these names
whenever they are included in any operation. This means that the script relies on that the same
features always occurs at the same place in the part navigator in NX. However this is not always true
when the script is supposed to work for multiple similar, but still different, input STL files.
The input STL file does not always contain the same number of features, an example of this is seen in
Figure 11. This means that the chronological number given to all downstream features are offset by
the random number of extra bodies imported and the script will henceforth call the wrong names.

Figure 11: A screenshot of the part navigator when an STL file containing multiple features has been imported.

To avoid selection stickiness the file has to be cleaned up from any unwanted features. The cleaning
is done by creating a temporary model in NX and importing the STL file. When an STL file containing
multiple bodies is imported, NX automatically sorts them according to their size. The largest body is
placed at the top of the part navigator and is therefore given the name Convergent Body(1), this is
always the body containing the complete TRS and hence the body to use. If the STL file contains more
bodies they are placed after Convergent Body(1) in the part navigator in descending order according
to their size.
The simple delete command cannot be used because NX needs to know the exact names of all bodies
to delete. Instead the script uses the fact that it is always the feature with the name Convergent
Body(1) that is to be used. This feature is therefore exported and stored in a new STL file named
CleanSTL, which means that now there is an STL file that is known to contain one convergent body of
the TRS and nothing else. This new STL file named CleanSTL is then used instead of the original STL
file.

8,1,2. Avoid tools using coordinates in space
There are tools in NX that is incompatible with automation when different reference models are
used. Examples of such tools are Snip surface and Trim surface, used for cutting and dividing
parametric and convergent surfaces. They both work well when used manually, but when used by
the automation script they fail because they use a coordinate on the surface they trim. This
coordinate is hard coded into the script, and it lies on the surface as long as the same STL is used by
the script but as another STL is used the location of the surface will be displaced. This results in a
coordinate offset from the surface so the script never finds the intended surface.
Other tools and methods have to be used to avoid tools using coordinates in space. The tools for
cutting the surfaces are replaced with the subtract tool. This is a boolean operation that only
requires the names of the features it operates on as input.

9. Future work
This thesis has only scratched the surface of the subject. To make the script user friendly the script
needs to take its inputs as arguments instead of having them hard coded. This would allow the script
to be run through batch or to be saved as a tool in the GKN toolbox in NX.
The deviation in the morphed surface can most likely be reduced further if a more experienced
designer refines the procedure.
The surfaces produced by the script has not yet been meshed and analyzed by and experienced
analytical engineer.
The script could be made to morph all sections of the TRS so that the result of the script is a hybrid
surface of a whole TRS instead of only one section.
An analysis of the smoothness of the hybrid surface should be included in the script, if it is possible to
automate.
An investigation on whether it is possible to create a hybrid solid body instead of a hybrid sheet
model should be performed. A hybrid solid body would allow analysis of for example temperature
and stresses, in addition to the aerodynamic analysis that a sheet model is sufficient for.
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