
  

Guidelines and improvement 
suggestions for the creation of 

automated 2D-drawings used in  
product configuration 

 

 
 
 
 

MATHIAS ANDRÉASSON 
ERIK LORD 

 
 

  

Master of Science Thesis 
Stockholm, Sweden 2013 

 

 





 
 
 
 
 

Guidelines and improvement suggestions for the 
creation of automated 2D-drawings used in 

product configuration 
 
 
 

Mathias Andréasson 
 

Erik Lord 

 
 
 
 

 

Master of Science Thesis MMK 2013:62 IDE 112 

KTH Industrial Engineering and Management 

Machine Design 

SE-100 44  STOCKHOLM   





 

 

 

 

 Master of Science Thesis MMK 2013:62 IDE 112 
 

Guidelines and improvement suggestions for the 
creation of automated 2D-drawings used in product 

configuration 

   

  Mathias Andréasson 

Erik Lord 

Approved 
2013-08-29 

Examiner 

Carl Michael Johannesson 

Supervisor 

Lasse Wingård 

 Commissioner 

Tacton Systems AB 

Contact person 

Johan Ernfors 

 

Abstract 
The purpose of this work has been to investigate if there is a way to create 2D-drawings in 
SolidWorks that make them more suited for automation with configuration software. Another 
purpose has been to explore if the configuration software TactonWorks could be improved 
regarding how it handles 2D-drawings. At the start of the project, many users of TactonWorks 
had problems creating configurable 2D-drawings and it was considered to be tedious and time 
consuming. 

In this report, guidelines for creating configurable 2D-drawings will be presented. 
Suggestions for how TactonWorks can be improved to make it easier for the user to create 
configurable drawings will also be brought up. 

To achieve this, a theoretical study about drawing standards and SolidWorks, as well as 
interviews with users of TactonWorks was conducted. Self-studies both of SolidWorks and 
TactonWorks, by the authors of this thesis, were also a basis for the results. 

It turned out that most of the users did not use any special methods to create configurable 
drawings, but there were some exceptions. Overall most of the users encountered the same 
sort of problems, where the most critical was the handling of positions of dimensions and 
other details on drawings with TactonWorks. The basic problem with creating drawings was 
to make sure they looked legible, without overlapping dimensions and views, in multiple 
configurations, and this could be difficult with the tools available. 

The suggested guidelines include, amongst other things, the importance of controlling 
everything on the drawing in order to control, as far as possible, how it deals with changes. 
The importance of using references that are robust for multiple configurations is also brought 
up. The main software improvements regarding TactonWorks include a new way of dealing 
with the positioning of dimensions, and other details of the drawing. After the empirical and 
the theoretical studies were finished it was concluded that TactonWorks should go towards 
being more automated, but it is still important for the user to have some control. 

  





 

Sammanfattning 
Syftet med detta arbete har varit att undersöka om det finns sätt att skapa 2D-ritningar i 
SolidWorks som gör dem bättre anpassade för automatisering med 
konfigurationsprogramvara. Ett annat syfte har varit att undersöka hur 
konfigurationsprogramvaran TactonWorks kan förbättras för att hantera 2D-ritningar. Vid 
projektets start hade många användare av TactonWorks problem med att skapa konfigurerbara 
2D-ritningar och det ansågs vara omständligt och tidskrävande. 

I denna rapport kommer riktlinjer presenteras för hur man bör gå tillväga för att skapa 
konfigurerbara 2D-ritningar. Förslag på hur TactonWorks kan förbättras för att underlätta 
skapandet av konfigurerbara ritningar kommer också att tas upp. 

För att åstadkomma detta genomfördes en teoretisk studie av ritningsstandarder och 
SolidWorks, samt intervjuer med användare av TactonWorks. Eget arbete, av författarna till 
denna rapport, med både SolidWorks och TactonWorks låg också till grund för resultaten. 

Det visade sig att de flesta användarna inte använde sig av några särskilda metoder för att 
skapa konfigurerbara ritningar, men det fanns några undantag där de utnyttjade plan i 3D-
modellen. Överlag stötte de flesta användarna på samma sorts problem, där det mest kritiska 
var att hantera positioneringen av dimensioner och andra detaljer på ritningarna. 
Grundproblemet med att skapa ritningarna var att se till att de var tydligt läsbara, utan 
överlappande dimensioner och vyer, i så många olika konfigurationer som möjligt, och detta 
kunde vara svårt med de verktyg som fanns. 

De förslag på riktlinjer som ges i denna rapport inkluderar bland annat vikten av att styra 
allting på ritningen för att, så långt som möjligt, kontrollera hur den kommer hantera 
ändringar. Vikten av att använda stabila referenser för flera olika konfigurationer tas också 
upp. De viktigaste förslagen på programförbättringar av TactonWorks inkluderar ett nytt sätt 
att hantera positioneringen av dimensioner och andra detaljer på ritningen. Efter att de 
empiriska och de teoretiska studierna var avklarade slogs det fast att utvecklingen av 
TactonWorks bör gå mot ett mer automatiserat håll, men det är fortfarande viktigt med viss 
kontroll från användaren.  
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NOMENCLATURE 
  
2D-drawing   Two dimensional drawing based on a 3D-model. Can contain 

multiple sheets 

3D-model    Three dimensional model created with a CAD program. Can be a 
part or an assembly model 

Annotation     An explanatory marking on the drawing, for example a 
dimension,  a note or a surface roughness symbol  

API   Application Programming Interface  

Assembly model    CAD model containing multiple parts connected to each other 

Attribute     User-created attribute that controls SolidWorks parameters (for 
example dimension values in the 3D-model or the position of 
annotations in the drawing) in TactonWorks.   

BOM   Bill-of-Materials 

Bounding box A bounding box is a box that surrounds the view on the drawing 
by placing itself with a small distance from the outermost edges 
of the part or assembly 

CAD  Computer-Aided Design  

CJM   Customer Journey Map  

Component     User-created  “virtual”  part in TactonWorks that is connected to a 
part in the assembly model 

Configuration model   TactonWorks file that contains all mappings, attributes and 
constraints that control the 3D-model and the 2D-drawing 

Constraints   Rule-based functions created in TactonWorks to control how the 
3D-model and 2D-drawing is allowed to behave 

Dimension   Can refer to both a value that drives the size of a 3D-model, and 
sometimes sketches in a 2D-drawing, i.e. a driving dimension and 
a type of annotation that describes the size of parts on a drawing, 
i.e. driven by the model. The latter is the most common version 
used in the thesis.  

Document properties   Menu in SolidWorks where the user can control settings specific 
to a document, for example set the size of the drawing sheet. 

DriveWorks    Software for configuring 3D-models and 2D-drawings, a 
competitor to TactonWorks. 

ETO   Engineer to Order 

KBE    Knowledge Based Engineer  

Mapping   The process of connecting SolidWorks parameters to 
TactonWorks. 

Modeller    Person creating configuration models with TactonWorks 

Part   3D-model created in SolidWorks 

Plane   A reference entity in SolidWorks. Can be one of the standard 
planes or created by the user 



R&D    Research and Development 

Scaling   Determining how to scale a view on the drawing with 
TactonWorks 

Sheet A page in a 2D-drawing file.  

Sketch   Two dimensional entity in SolidWorks that for example can be 
used to create three dimensional geometry 

SolidWorks   The CAD program used in this thesis project 

TactonWorks Engineer The part of TactonWorks where the end-user can configure the 
product by deciding between the available choices 

TactonWorks Studio  The part of TactonWorks where the modeller sets up the 
configuration model 

TactonWorks Software for configuring 3D-models and 2D-drawings, plug-in to 
SolidWorks 

UI   User Interface  

 
  



Table of Contents 
1 Introduction ................................................................................................................................... 1 

1.1 Background ............................................................................................................................ 1 

1.2 Problem Definition .................................................................................................................. 2 

1.3 Purpose and Expected Results .............................................................................................. 3 

1.4 Delimitations ........................................................................................................................... 3 

2 Method ........................................................................................................................................... 5 

2.1 Theoretical Study ................................................................................................................... 5 

2.2 Empirical Study ...................................................................................................................... 5 

2.3 Continuous Discussions with the Product Management Team ............................................. 6 

3 Theoretical Study .......................................................................................................................... 7 

3.1 Knowledge Based Engineering .............................................................................................. 7 

3.2 Product Configurators used for Design Automation .............................................................. 8 

3.3 Engineering Drawings ............................................................................................................ 9 

3.4 Modern CAD software .......................................................................................................... 17 

3.5 Application Programming Interface for SolidWorks ............................................................. 21 

3.6 TactonWorks ........................................................................................................................ 21 

3.7 DriveWorks ........................................................................................................................... 28 

3.8 Best Practice for Creating Robust CAD Models .................................................................. 31 

4 Empirical Study ........................................................................................................................... 33 

4.1 Software Study of SolidWorks and TactonWorks ................................................................ 33 

4.2 Interviews with TactonWorks Users ..................................................................................... 34 

5 Analysis and Concept Generation ............................................................................................ 45 

5.1 The Creation of Configurable 2D-Drawings ......................................................................... 45 

5.2 Analysis of the Identified Problems ...................................................................................... 47 

5.3 Concept generation .............................................................................................................. 50 

6 Final Results ................................................................................................................................ 63 

6.1 TactonWorks 4.4.4 (beta) ..................................................................................................... 63 

6.2 Remaining Problems ............................................................................................................ 65 

6.3 Guidelines for Robust Configurable 2D-Drawings ............................................................... 67 

7 Discussion and Future Work ..................................................................................................... 73 

7.1 Discussion ............................................................................................................................ 73 

7.2 Future Work .......................................................................................................................... 74 

8 References ................................................................................................................................... 75 

Appendix A. Interviewees ...................................................................................................................... i 

Appendix B. Interview Questions ........................................................................................................ ii 

Appendix C. Customer Journey Map of the Workflow ..................................................................... iv 

Appendix D. Customer Journey Map when Encountering Problems .............................................. v 

Appendix E. List of Parameters the Interviewees wanted to control .............................................. vi 

  





1 

1 INTRODUCTION 
1.1 Background 
A product configurator is a software program that is used to configure a product based on the 
customer’s  needs   and  demands.   If   a   customer  wants   to  buy  a  bicycle,  he  gets   the  option   to  
choose between different components on the product, for example what kind of gears, frame 
size, brakes, etc., it should have. The choices may also involve user specified values on 
different dimensions of the product. When the quantity of parts grows, the number of different 
choices also grows which in turn exponentially increases the number of unique 
configurations. This can result in a model with more configuration possibilities than number 
of atoms in the universe. For geometrical and market reasons all of these configurations are 
not compatible with each other, and the configurator keeps track of this with the help of 
different set of rules that the modeller (creator of the configuration model) has defined.  

By linking this kind of a configurator to a CAD system, and the parts in the configurator to 
parts in the 3D-model,   the   user   can   in   real   time   see   how   a   product’s   appearance   changes  
according to the data put into the software. There is also the possibility to automatically 
generate 2D-drawings based on the 3D-model. This means that the user can get both a 3D-
model and a set of drawings automatically created for every possible configuration. This 
enables the engineers in a company to focus on creative R&D (Research and Development) 
work rather than spending the time on routine changes of models and drawings.  

The master thesis was carried out at the company Tacton Systems AB. Tacton is a global 
vendor of product configuration software and services. The company was founded in 1998 as 
a result from a research project at SICS (Swedish Institute of Computer Science AB) in 
cooperation with Ericsson and ABB, (SICS, 2013). Today, the company has around one 
hundred employees, where the majority works in the professional services branch as Business 
consultants  to  the  company's  customers.  This  means  that  they  analyse  the  customers’  products  
and create and implement configuration models for them. At Tacton there is also a product 
management team and a R&D team that handle the development and maintenance of the 
software. 

Tacton Systems AB works with both sales configuration and design automation. In both sales 
configuration and design automation the creator of the model determines how it is supposed 
to behave based on product data, product rules and product requirements, see Figure 1. A 
graphical UI (User Interface) is also created so the customer can choose how to configure the 
product while the configuration engine makes sure that only valid choices can be made by 
evaluating the constraints set up by the modeller.  
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Figure 1. Different types of data that leads to a configuration-model, (Ernfors, 2012). 

The software used for sales configuration is called Tacton Configurator (Tacton, 2013) and it 
handles complex models that generate correct quotations, specifications and BOM (Bill-of-
Materials)   for   the   customers’   products.   For   design   automation, the software is called 
TactonWorks (Tacton, 2013), which is an add-in to the CAD software SolidWorks (Dassault 
Systems, 2013) that allows the user to generate 3D-models and 2D-drawings. See Figure 2 
and Figure 3 below for a comparison between sales configuration and design automation.  

 

Figure 2. Procedure for sales configuration, (Ernfors, 2012). 

 

Figure 3. Procedure for design automation, (Ernfors, 2012). 

1.2 Problem Definition 
In product configuration there is a need to create configuration models with constraints that 
define how the product is allowed to change and this is the same for both sales configuration 
and design automation. Rules are defined for how the 3D-model is allowed to be configured, 
and the same goes for the 2D-drawings. If the 2D-drawing is not controlled and the 3D-model 
changes in size or components in it are replaced, the CAD software cannot know where to 
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place views, dimensions and other annotations. It also does not know which dimensions to be 
placed on the new component and if it would be necessary to rescale the views etc. Changes 
of the 3D-model can result in extensive changes of the 2D-drawing, making it difficult to 
interpret. Then, it can take almost as much time to fix it as it would to recreate it from scratch.  

When TactonWorks was first developed, most time and energy was spent on making it work 
as smoothly as possible for configuring 3D-models and on finding ways to create robust 3D-
models that could easily be automated. Less time was spent on how it should work with 2D-
drawings and it has now been discovered that the configuration of 2D-drawings is in great 
need of improvements. 

Users have complained about the time and effort it takes to create a configuration model for 
the 2D-drawings, and particularly for it to be controlled in an easy way that makes the 
drawing look good when the 3D-model changes its appearance. The users have said that the 
creation of configurable 2D-drawings is the most boring, time consuming and repetitive part 
of creating configuration models with TactonWorks. To reduce the time it takes to create 
configurable 2D-drawings, and also reduce the need for manual labour afterwards, it is 
necessary to improve how the 2D-drawings are configured. 

1.3 Purpose and Expected Results 
The purpose of this thesis has been to find ways to make it faster and easier to create robust 
configurable 2D-drawings with TactonWorks. To achieve this, TactonWorks was examined in 
regards to the creation of configurable 2D-drawings to see if, and how, it could be improved 
in terms of functionality and usability. Methods to create robust 2D-drawings suitable for 
design automation were also investigated to see if there were ways to make them more robust. 

The work focused on two target groups. One was the users and the purpose here was to make 
it faster and easier to create configurable 2D-drawings with TactonWorks, to minimize the 
time consumption and to increase the degree of automation. Another target group was the 
product management team and R&D at Tacton and here the primary focus was to suggest 
improvements of the software that would help the users. 

The expected results of the thesis project was a set of guidelines for how a 2D-drawing should 
be configured and also how the 3D-model and the 2D-drawing could be designed to achieve a 
more robust configurable 2D-drawing. Another expected result was a discussion about how 
TactonWorks could be improved to make it better at creating configurable 2D-drawings. 

1.4 Delimitations 
During the work, no development of new software was done by us as it would have taken too 
much time and was outside the scope of our project and education.  
The thesis was mainly aimed at TactonWorks and interviews were only conducted with users 
of TactonWorks.   
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2 METHOD 
2.1 Theoretical Study 
In the beginning of the thesis, a literature study was carried out. No literature about design 
automation for 2D-drawings was found, instead focus was put on literature about design 
automation in general, Knowledge Based Engineering (KBE) and 2D-drawing practices. This 
was performed to increase the understanding of the automation process and to get a better 
understanding about the requirements for 2D-drawings 

2.2 Empirical Study 
The empirical study was divided into two different areas. The first was the self-studies in 
SolidWorks and TactonWorks, and the other one was the interviews conducted with people 
who created configurable 2D-drawings with TactonWorks. 

2.2.1 Software Studies 
During the first two weeks a self-study was conducted to get us familiarized with the CAD 
software SolidWorks. This was done with the help of SolidWorks built-in tutorial and help-
function, (SolidWorks Tutorials, 2013). 

The first week was dedicated to work with 3D-model tutorials where, among others, the 
following tutorials were completed: Introduction to SolidWorks, Lesson 1-2, Advanced design 
and Revolves and sweeps. The second week was dedicated to 2D-drawing tutorials and the 
tutorials: Lesson 3, Advanced drawings, SolidWorks eDrawings were completed. The tutorial 
DriveWorksXpress were also performed, which is a basic version of a product configurator 
from DriveWorks Ltd, (DriveWorks, 2013). Since this company is a competitor to Tacton, a 
closer investigation was conducted on DriveWorks Solo later on in the project. This is a more 
advanced version than Xpress and also contains 2D-drawing configuration which the Xpress 
version did not. 

Another two weeks of self-studies were conducted on TactonWorks where the basic methods 
and  functions  were  introduced  with  the  help  of  Tacton’s  tutorials.  An  example  is  the  Bolts and 
nuts tutorial, where you can change between various bolts and nuts and change the wall 
thickness. The nut must always have the same diameter as the bolt, and the bolt should always 
be longer than the wall thickness. None of the tutorials contained any lessons on how 2D-
drawings were configured. To get a better understanding on how they can be made some 
demonstration models were investigated that had 2D-drawings mapped to the configured 
model. As there was a lack of TactonWorks tutorials a couple of models were configured for 
both the 3D-model and the 2D-drawing from self-made, and existing, CAD models. 

2.2.2 Method for the Interviews  
Interviews were conducted with 15 users of TactonWorks, see Appendix A, which included 
employees, partners and customers.  
  
2.2.2.1 Interviews with TactonWorks Users 

Most of the users that were interviewed had good experience in creating configurable 2D-
drawings with TactonWorks. They all had backgrounds in mechanical design and working 
with SolidWorks. The questions that were asked were meant to get the interviewees to talk as 
freely as they could about issues when configuring 2D-drawings with TactonWorks, about 
how they create their 2D-drawings, and about what they thought about the future for 
configurable 2D-drawings. See Appendix B, for all the questions asked. 
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During the interviews the users were asked about what they considered problematic with the 
program, what the procedure looked like when they configured 2D-drawings, how they 
learned to work with the program, who they ask for help when encountering problems and 
other related issues. The interviews lasted for about one hour each and were of semi-
structured nature. The interviewees were given some of the questions in advance so they 
would have some time to think about them before the interview. They were also given the 
opportunity to bring up their own topics, related to the configuration of 2D-drawings, during 
the interviews. Since a majority of the interviewees were not based in Stockholm, or even 
Sweden, most of the interviews were conducted with the online meeting software 
GoToMeeting, (Citrix Online, 2013). The software also enabled the interviewees to show 
their computer screen when needed. During the interviews that were conducted face to face a 
computer with TactonWorks was available for the interviewees to use. The purpose of this 
was to make it easier for the interviewees to remember specific details that otherwise might be 
forgotten. Some people are also more comfortable in expressing their opinions in a familiar 
situation. 

2.2.2.2 Analysing the Workflow with a Customer Journey Map 

Based on the results obtained during the interviews a CJM (Customer Journey Map) was 
created. This is a good and structured way to visualize the user experience of a service or a 
product. The customer journey, or in this case a user journey, is defined based on touch points 
where the user interacts with the service or product and what they experience during the use. 
The touch points are often identified from interview answers, as is in the case of this thesis. 
When all the touch points has been identified they are connected in order to create a visual 
representation of the overall customer journey and experience of the service, (Stickdorn & 
Schneider, 2011). 
The reason that a CJM was used is that it gives a good overview of the users’ experiences of 
the service. The problem areas can then be investigated and solutions can be generated to 
improve the experience.  

2.3 Continuous Discussions with the Product Management Team 
During the project continuous discussions were held with the product management team of 
TactonWorks. During these discussions our thoughts were taken into account for the 
development of upcoming versions of TactonWorks. 
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3 THEORETICAL STUDY 
3.1 Knowledge Based Engineering 
Knowledge Based Engineering is a discipline that brings the knowledge a company has about 
its products and manufacturing processes into a database. This knowledge is then handled to 
help generate valid product solutions. This makes it both easier and faster to create products 
that   are   in   line   with   the   company’s   guidelines.   KBE   can   be used early in the process of 
developing new products, and for improving existing ones. An example of when this is useful 
is when the designer gets informed directly in the CAD software on how a new part or 
product must be created to be compatible with the rest of the design.  

KBE is also used in product configurators that handle design automation. An example of 
knowledge that is used to get a model automated could be the rules that determine how a 3D-
model or a 2D-drawing should look (Configure One, 2008). 

There are many different kinds of knowledge, and these are described by Mikael Cederfeldt 
(Cederfeldt, 2007) and parts are cited and paraphrased below: 

 Explicit – Known, communicable, documented and reusable data and information. 
 Implicit – Known, communicable, undocumented and reusable knowledge. 
 Tacit – Non-communicable knowledge derived from experience. 
 Structured – Knowledge with a procedural and known order of use. 
 Unstructured – Knowledge with a declarative and ad-hoc order of use. 
 Individual – The complete knowledge of performing a certain task at a certain process 

level is delimited to one individual (expert). 
 Collective – The complete knowledge of performing a certain task at a certain process 

level is chunked between several individuals (experts). 
 Corporate – Knowledge considered as company properties. 
 Common – Knowledge considered as commonly known or accessible. 

The knowledge types presented above have different degrees of formality, whether it is 
explicit knowledge that is known, documented and reusable, or knowledge that is tacit, non-
communicable and derived from experience. Design automation is not well-suited for tacit 
knowledge since it is difficult to express in words and rules (Cederfeldt, 2007). The best-
suited knowledge for design automation is the explicit kind which is possible to put into well-
defined rules. 

It is required to have clear rules, which the system can handle and process, in order to 
automate a certain procedure. In addition to the different knowledge types presented above, 
Staffan Sunnersjö (Cederfeldt, 2007) contributed with a number of complementing 
classifications of types of knowledge that describes something he called "engineering design 
knowledge” and these are paraphrased below: 

 Purely empirical knowledge – Based on experiments and observations, and can be 
presented explicitly. High scientific reliability. 

 Rules of thumb – Simplified statements based on experience and can be presented 
both explicitly and implicitly. Low to high scientific reliability. 

 Praxis as knowledge – Statements based on heuristics and can be presented explicitly 
or implicitly. Low to high scientific reliability. 
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 Common Sense – Statements based on tradition, wisdom and personal philosophies 
and perspectives. Low scientific reliability. 

 Numerical algorithms and mathematical formulas – Mathematical statements 
based on facts and relationships derived from empirical knowledge and can be 
presented explicitly or implicitly. High scientific reliability. 

 Analogy – The ability to see patterns and similarities. Case-based reasoning is a way 
to exhibit this human ability. The ability is human tacit and machine explicit.  

 Logical reasoning – The ability to predict the effects of rules and facts. The ability is 
human tacit and machine explicit. 

 Geometrical knowledge – The ability to show spatial awareness. The ability is human 
tacit and machine explicit. 

Knowledge that is human tacit and machine explicit means that it is based on experience and 
skill for humans, while it for machines is based on reusable data and information. 

3.2 Product Configurators used for Design Automation 
A lot of the work that a company spends on developing products is minor changes and 
configuration of existing products, rather than R&D (Ullman, 2009). Design automation is 
focused on automating these activities by taking advantage of knowledge that already exists 
within the company. For companies that have products with many different variants of the 
same basic product, a product configurator is one way to solve this problem. 

A product configurator is a computer program connected to CAD software, which is used to 
customise products according to customer  requirements.  From  a  customer’s  point  of  view  this  
could include the choice between different set of wheels, engines and colours of a car. The 
choices may also involve the customer being free to choose dimensions, within a defined 
interval, for the product. This provides an almost infinite number of choices but not all of 
those are valid, and the configurator keeps track of it by only presenting valid options. 

There are three different degrees of customization (Cederfeldt, 2007), and these are 
paraphrased below: 

 Select to order - This means that the customer chooses from finished products, 
resulting in a solution that almost meets the customer requirements. 

 Configure to order - The manufacturer offers the customer the ability to configure a 
product on the basis of pre-defined components. This provides a solution that meets 
the customer requirements better than Select to Order. 

 Engineer To Order (ETO) - With ETO the manufacturer offers the customer the 
ability to create new, or variants, of the products (for example determining the 
dimensions). This gives the customer an optimal solution that fully meets their 
requirements. 

For the manufacturer to be able to offer ETO to the customer they are required to have a 
product configurator that uses KBE methodology. There are different kinds of product 
configurators, for example:  
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 Sequential configurators - In the sequential configurators each choice is defined for 
all the different possible solution that can take place. This can lead to a incredibly 
large and obscure program when the product has more than a few configuration 
options.  

 Relationship-based configurators - In the relationship-based configurator you need 
to set up a database in which all correct and incorrect combinations are defined. This 
is a very simple way of creating a configurator for small and simple system, but the 
more complex the product is, the more the database grows in size and complexity.  

 Constraint-based configurators - A constraint-based configurator works in a very 
different way than the other two. Instead of defining both the problem and the 
solution, which is the case in the previously described configurators, you only need to 
define the problem and the configurator does the rest. This means that you set up rules 
that describes why the different choices are compatible with each other, for example: 
If you are configuring a bolt and nut you can set up a rule that says that a bolt’s 
diameter  must  have  the  same  dimension  as  the  nut’s  diameter  and that their thread is 
equal to each other. With these rules, the configurator directly provides an accurate 
and compatible choice and the user is not forced to make the choices in a certain order, 
(Ernfors, 2012), (Configurators, 2009). TactonWorks is a constraint-based 
configurator. 

To visualise the product, as a 3D-model and a 2D-drawing, the configurator has to be 
connected to CAD software. By automating the activities of routine changes to the CAD 
model, companies can save a considerable amount of time compared to a designer manually 
developing a new CAD model for each configuration state. The time saved can instead be 
spent on more creative tasks, such as developing new products. Apart from being faster to 
use, another advantage of a product configurator is that the result will always be valid, if the 
configuration model is correctly set up correctly. 

Today there are several product configurators that are connected directly to CAD software 
and one example of this is TactonWorks. Another example is DriveWorks. 

3.3 Engineering Drawings 
"Drawings are used to clarify the appearance or function of an object, and represent an 
instruction manual for manufacturing, assembling, sales, maintenance etc.. The drawing must 
therefore be made clear, not only from a describing point of view but also from a drawing 
technical point of view." (Jönsson & Hagelberg, 2012)1. 

One could easily be led to believe that 2D-drawings are something that is no longer needed 
since the introduction of 3D-CAD, but this not the case. A study about design automation, 
which was conducted at 11 Swedish companies, showed that seven of the companies required 
that the configurator could generate 3D-models from a CAD program. Six of these, with 
addition to one more that did not need a 3D-model, needed it to generate drawings. Aside 
from drawings, ten companies replied that they needed test results and other documentation to 
be generated. By this they meant for example manuals, quotations, technical documentation, 
(Cederfeldt, 2007). 

                                                 
1 Translated from Swedish to English by the authors of the thesis. 
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The 2D-drawings that are most commonly used are detail drawings and assembly drawings. 
In a detail drawing all the dimensions necessary for the customer or manufacturing has to be 
shown. See Figure 4 for an illustration of a detail drawing. 

 

Figure 4. Detail drawing in SolidWorks. 

In addition to the dimensions it is necessary to show geometrical tolerances, surface 
roughness, notes and other information that is needed to manufacture it. 

When illustrating a 3D-object in 2D, different views are used. A box, for example, could be 
viewed from six different directions as it consists of six surfaces. These six views are called 
the orthographic views and consist of the following views: front, top, left, back, bottom and 
right. When creating a 2D-drawing, you choose the view that gives the most information as 
the "main view". The rest of the views are then placed aligned in reference to the main view. 
There are two different schools when it comes to view placement. One is first angle 
projection which is used in Europe and the other one is third angle projection which is used in 
United States and Canada. In the first angle projection the views are placed by "tipping" the 
object in the direction you place the view. The left side of a box is then placed to the right of 
the main view, (Jönsson & Hagelberg, 2012). 

The third angle projection works in the opposite way, the left side of a box is placed to the 
left of the main view, (ibid). To indicate on a drawing which projection method is used the 
symbols shown in Figure 5 are used. 

 

Figure 5. First angle projection and Third angle projection, (Colgan, 2013). 



11 

A drawing is most often scaled to fit on the sheet. The scale is presented as a numerator and a 
denominator, for example 1:2 where the first number is the numerator and the second one is 
the denominator.  

In this example it indicates that the part on the drawing is scaled down to half its actual size. 
There are two kinds of scales, reduced scales and enlarged scales. The scales that are 
recommended (standard scales) for use in technical drawings are presented in Table 1 below 
and  should  be  stated  in  the  drawing’s  title  block,  (Swedish Standard Institute, 1986). 

Table 1. Recommended scales. 

Category Recommended scales 

Enlarging scales 50:1 20:1 10:1 

5:1 2:1  
 

Full size   1:1 
 

Reducing scales 1:2 1:5 1:10 

1:20 1:50 1:100 

1:200 1:500 1:1000 

1:2000 1:5000 1:10000 
 

 

When a model is much bigger in one direction than in another, it can be useful to create a 
broken view. This means that the view is shortened at a place where it does not remove any 
information about the model, see Figure 6 for example.  

 

Figure 6. Broken view on a detail drawing in SolidWorks. 

All six orthographical views are never placed at the same time on a drawing sheet. You place 
as few views as possible still providing sufficient information about the model to be fully 
dimensioned. In order to fully dimension a drawing, it might be required to illustrate internal 
structures, and this can be achieved in various ways depending on the situation.  
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One way is to use hidden contours, which means displaying the object's internal structure by 
showing these contours with dashed lines, see Figure 7 below. 

 

Figure 7. Hidden contours in SolidWorks. 

It is commonly thought that the use of hidden contours should be avoided as this often makes 
the 2D-drawing more difficult to read, and a sectional view is therefore preferable.  

A section view means creating an imaginary cut in the object, and thus exposing the contours 
you want show by creating a new view of the cut, see Figure 8. When placing this view the 
chosen view projection method is normally used, meaning that it should follow the first angle 
projection if this is used on the rest of the drawing. 

 

Figure 8. Section view on a detail drawing in SolidWorks. 
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The section line does not need to be straight, it could also be broken. This means that the cut 
does not go straight through the model. 

If necessary, these views can be placed in other positions for increased clarity. This is often 
the case for items that are much larger in one direction than in another, for example a shaft 
with several section views. In this case section views could be placed in line with the section 
line. 

If you have small details on the model that are hard to dimension and illustrate, a detail view 
could be used. This is a partial enlargement of a detail on the 2D-drawing. See Figure 9 for an 
illustration of a detail view. 

 

Figure 9. Detail view on a detail drawing in SolidWorks. 

In addition to all the different views, there are a variety of indicators that can be placed on the 
2D-drawings. The most common of these are the centre mark and the centre line, which were 
illustrated in Figure 4. A centre mark is placed to define the centre of a hole and that it is 
round. A centre line is used to show that a detail is cylindrical and is placed in the middle of 
this cylinder. 

On a drawing, it is often necessary to define the desired tolerances for certain dimension, in 
addition to the dimension itself. The tolerances are needed on the drawing for manufacturing 
purposes to state how much the dimension is allowed to vary and still be functional. This is 
usually stated in a lower (minimum) and upper (maximum) allowable deviation from the 
nominal value, see Figure 10. 

There are also geometrical tolerances which define how, for example, the flatness, 
straightness or cylindricity of the part is allowed to vary. The geometrical tolerance is defined 
with a symbol, that describes what kind of tolerance it is (for example flatness), a value that 
describes the actual tolerance and one or more datums that describe which feature the 
tolerance is in relation to, see Figure 10 below. 
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Figure 10. A geometrical tolerance (1) and tolerance (2) illustrated in a drawing in SolidWorks. 

On a drawing it can sometimes be necessary to define the surface quality. This is done by 
placing a surface finish symbol that points to a surface on the drawing. The symbol describes 
how the surface quality should be achieved and an example is shown below, see Figure 11. 

 

Figure 11. Illustration of a surface finish symbol, (Edu-support, 2013). 

3.3.1 Detail Drawings 
As mentioned earlier, there are a total of six orthographic views to be used when creating a 
2D-drawing, and one of those is the main view which the others are aligned to, see Figure 12. 
When choosing the main view, you look for the view that includes the most details and 
information. The rest of the views are chosen to be able to fully specify the model. In many 
cases it is necessary to use section views to show  the  part’s  full geometry. 
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Figure 12. All six possible views with main view selected in SolidWorks. 

When placing views, it is important to make sure that there is enough space around the view 
to place the dimensions. Presented below are some guidelines for how dimensions should be 
placed, (Swedish Standard Institute, 1986), (Dunwoody, 2006): 

 Dimensions should mainly be placed to the right and below the view. 
 Place dimensions close to the detail they represent. 
 Dimensions should be placed outside the models contour lines. 
 Short dimensions are placed closer to the contour line than longer. 
 Place the first dimension 12 mm from the contour line and the rest 10 mm apart. 
 No lines should cross a dimension line. 

When dimensioning a model the functional requirements of the product should be considered. 
This means that dimensioning a model should be based on how the product is manufactured 
and how the dimensions are going to be verified. This means for example to always display 
the diameter of a hole, and not the radius, as this is the dimension that can be verified. One 
should also be aware of dimensions that are associated with each other in some way. This 
involves placing dimensions that have association with each other in the same view, for 
example  placing  a  hole’s  x- and y-position dimension in the same view, see Figure 13 below. 

 

Figure 13. Illustration of how holes are dimensioned in SolidWorks.  
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In addition to the guidelines above, it is important that the dimensions and the views are 
placed evenly on the paper and that it looks good when creating a 2D-drawing. The last part, 
that the 2D-drawing should look good, is more of a fundamental issue and is something 
gained from experience after creating several 2D-drawings. There are no rules that can fully 
explain this (Hagelberg, 2013). For placing the views in a centred way on the sheet there is 
simple mathematic models that can be used. This is achieved by calculating the total height of 
the views that are placed vertically and subtracting this from the total height of the sheet. This 
gives you the available vertical space. To get the views spaced evenly it is divided by the 
number of views plus one, which is the number of vertical gaps. To centre the views 
horizontally the same method can be used, (Goetsch, 2010). 

3.3.2 Assembly Drawings 
The purpose of an assembly drawing is to show the components that are included in the 
product. This may for example involve the use of an exploded view, showing all products 
components, with explanatory balloons connected to a bill-of-materials (BOM), see Figure 
14. 

 

Figure 14. Exploded view with balloons, BOM and title block in SolidWorks. 

Assembly drawings usually contain a BOM, which is a table with all the components the 
product contains and the quantity of each. There are several other kinds of information that 
the BOM can contain, such as material, weight and price. 

3.3.3 Title Block 
Every 2D-drawing should have a title block. The title block, shown in Figure 14 above, often 
contains information such as who created the drawing, the person that checked it and 
approved it, the scale used in the drawing, and other similar information. 
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3.4 Modern CAD software  
CAD   is   an   important   part   of   today’s   product   development   and   it   is   something   that   most  
designers and product developers are familiar with. With the CAD software a designer can 
create virtual models of products that can be used in a wide variety of cases, from using Finite 
Element Method (FEM) to rendering photorealistic images. In the case of design automation 
and product configuration CAD models are important as they are the fundament from which 
the configurator creates configurations. The CAD software used in our project was 
SolidWorks 2013 and therefore all the descriptions and figures shown are based on this 
program.  
Today's CAD systems use so called parametric modelling. The models geometry is controlled 
and driven by a number of parameters and the most important of those are the dimensions, 
(Rynne, 2006). The opposite of this is that the dimensions are controlled and driven by the 
geometry as is the case for 2D-drawings and older CAD software. In practice, parametric 
modelling works by letting the user draw a sketch in 2D and then extruding it to create a solid 
model, or cut the material to create a cavity. See Figure 15 for an illustration of a sketch in 
SolidWorks. The model that is then created is called a part in SolidWorks. If the designer 
then wants to change the dimensions of the sketch, this can be modified in 2D and the model 
geometry is then automatically updated.   To   drive   the   sketch’s   appearance, dimensional 
constraints and geometric constraints (relationships) are created. You can, for example, 
choose what numeric value various lines should have, in term of length, radius, degrees etc. 
To create relationships means to decide what connection two, or more, object should have to 
each other in the sketch. This could for example be to decide that two separate lines should 
have equal length or that several different circles should be concentric to one and other. With 
these tools you can fully define a sketch, which means that you have entered all the 
information necessary for an unambiguous location, orientation and size of the part. 

 

Figure 15. A sketch in SolidWorks. 

To create the sketches there are planes in the SolidWorks document. At the beginning when 
you are creating a 3D-part there are three standard reference planes: Top, Front and Right, 
which connects in the origin of the coordinate system, see Figure 16. Based on these, or based 
on an existing solid part, a user can create new planes if necessary. 
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Figure 16. Three standard reference planes in SolidWorks. 

A part consists of several features which are created by operations that extrude material, or 
creates cavities in it, as described above. Some features can also be created directly on the 
part without the use of a sketch or surface, for examples features such as fillets and chamfers. 

In addition to creating individual part-files you can create assemblies of several parts and this 
is called an assembly-file in SolidWorks. To do this, you create different types of 3D-mates 
between the parts to define how they are related to each other. A 3D-mate can for example be 
that certain surfaces or lines must be parallel to one and other, or that the distance between 
two faces on a part should be a certain value. Mates can also be created between planes in the 
different parts instead of using their part faces. 

Assemblies can also be shown in an explode view to better illustrate how the parts are 
connected to each other. This is very common to use on a 2D-drawing to get an illustrative 
overview on what parts are included in the product. 

In SolidWorks there are Custom properties and they are properties linked to values in the 
model. Examples of standard Custom properties are weight, material and file name and they 
can, for example, be used to show information about the model in the BOM, the title block or 
notes. The smart thing about them is that, since they are linked to the actual model, their value 
will update when the model changes. 

3.4.1 Drawings in SolidWorks 
Based on the 3D-model, 2D-drawings can also be created in SolidWorks. The drawing 
consists of a set of projections of the 3D-model shown in 2D. The user can choose which 
views to be used and place these on the drawing by dragging and dropping. The views are 
automatically aligned to each other.  

The user also decides how the drawing sheet should look, and this is done by choosing one of 
the standard templates or creating a custom one and manually deciding the size of the sheet. 
The templates can for example be for the ISO-standard and this automatically sets the correct 
font sizes and so on to follow the ISO-standard. Besides deciding on a template the user also 
decides which sheet size should be used, A1, A2, A3 and so on in accordance with the ISO-
standard. 

In SolidWorks the user can also choose which general scale to be used on the drawing, and 
also specify the scale for specific views.  
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The user is free to set any scale, standard or not, and the views can exceed the size of the 
sheet or collide with each other if the scale is not chosen properly. 

Besides from the standard views the user can create section views, detail views, broken-out 
views, broken views and crop views. These views are based on the standard views by 
choosing one of those and then, for example, creating a section line that runs through it. This 
automatically creates a section view, which then can be placed by the user. 

When the views are chosen and placed on the sheet it is time to dimension the drawing, and 
this can be done in a number of different ways. The user can choose to let SolidWorks import 
all the dimensions that were used to create the 3D-model and show these on the drawing, or 
let SolidWorks import only specific dimensions that the user marked to be included on the 
drawing. In SolidWorks the user can also manually place dimensions on the drawing, which is 
more common. With this method it is possible to create dimensions that were not used when 
creating the 3D-model, but may be important for manufacturing purposes. When 
dimensioning an assembly model this is the only way to place the overall dimensions since 
they measure part to part. The dimensions are automatically updated when the 3D-model 
changes in size. If the dimensions are referring to a feature or part that, for some reason, have 
been removed (suppressed or swapped out) from the 3D-model they will change colour to 
brown to indicate that they have lost their reference and have become dangling. If the features 
or parts (it has to be the very same features and parts) are later on re-inserted (unsuppressed or 
swapped back in) into the 3D-model the dimensions on the 2D-drawing will again be shown 
correctly.  In the 2D-drawing the user can, in addition to dimensioning the 3D-model, choose 
to show and dimension for example planes and sketches. 

The user also have to decide where the dimensions should be placed on the drawing, and this 
can be done by manually dragging and dropping them or by using SolidWorks built-in 
functionality to auto-arrange them. With every new version of SolidWorks this kind of 
functionality is improved, but it is still not intelligent enough to work perfectly on more 
complex drawings, (Lombard, 2013). 

In the Dimension Palette there is a set of auto align features. These are, (SolidWorks Help, 
2013): 

 Space Evenly Linear/Radial - Equally spaces selected dimensions, linearly or 
radially, between the closest and furthest selected dimensions from the part. 

 Align Collinear - Aligns selected dimensions horizontally, vertically, or radially 
 Align Stagger - Staggers selected linear dimensions. 
 Top Justify Dimension Text - Top justifies selected dimension text. 
 Bottom Justify Dimension Text - Bottom justifies selected dimension text. 
 Left Justify Dimension Text - Left justifies selected dimension text. 
 Right Justify Dimension Text - Right justifies selected dimension text. 

There is also function called Auto Arrange Dimensions that automatically places the selected 
dimensions in the following way, (SolidWorks Help, 2013): 

 Spaced from smallest to largest 
 Aligned and centred, if possible 
 Spaced with the offset distances defined in Document Properties - Dimensions  
 Adjusted to avoid overlapping 
 Staggered, if necessary 
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In the drawing the user can also easily place centre marks, centre lines, geometric tolerances, 
surface finishes and other symbols used in drawings. In the assembly drawings a BOM that is 
connected to the assembly-model can be created and balloons pointing at the different parts 
can be inserted and positioned. 

In SolidWorks there is also a feature to automatically create and position the balloons on the 
sheet, Auto Balloons. With this function the user can with a few clicks create and position 
balloons for the whole assembly. The balloons can be positioned automatically in the 
following ways: 

 Square – A square pattern around the view 
 Circular – A circular pattern around the view 
 Top – On a horizontal line over the view 
 Bottom – On a horizontal line below the view 
 Left – On a vertical line to the left of the view 
 Right – On a vertical line to the right of the view 

SolidWorks automatically makes sure that no balloons collide with each other and that no 
balloon lines intersect. This is however only true when they are first created. If the balloons 
are manually moved after they are placed the collision control do not apply. The user can also 
determine how to order the balloons. See Figure 17 for an illustration of the Auto Balloons 
feature. 

 

Figure 17. Auto Balloons feature with Top pattern in SolidWorks. 

In SolidWorks there is also a function called Hole Wizard which helps to create different 
types of holes and control them. On the 2D-drawing the user can then use Hole Callout, see 
Figure 18, to import the data about the holes created with Hole Wizard. This results in 
dimensions on the drawing being linked to the hole data and thus showing the hole diameter, 
hole type and number of instances automatically. When the model changes so will the data on 
the 2D-drawing. 
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Figure 18. Hole Callout place on a hole in SolidWorks. 

3.4.2 Configurations in SolidWorks 
In SolidWorks it is possible to create variants of a part-file, or an assembly, in one document. 
It is called configurations, and should not be confused with the configurations created with 
TactonWorks, which will be described in section 3.6 TactonWorks. With configurations the 
user can create families of parts with different dimensions, features, and properties directly in 
SolidWorks, (SolidWorks Help, 2013). An example for how configurations could be used is 
to create one part-file for a screw, and then create multiple configurations with different head 
types. 

3.5 Application Programming Interface for SolidWorks 
An Application Programming Interface (API) is a protocol that works as an interface to 
exchange information, or communicate, between two software programs. An API is a library 
that can include specific routines, data structure, object classes, and variables. An API can be 
constructed in different ways and have different functions, vendor document or libraries for 
programming languages. 

SolidWorks has an API which allows TactonWorks to communicate with it and exchange 
information. This means that TactonWorks only can do things that are available via the API, 
and some things are therefore not possible to achieve.  

SolidWorks’  API  also  allows   the  creation  of  macros.  A  macro   is  program  code  (script)   that  
stores information about how to automate a function that is repeatedly used. You can say that 
it automatically performs tasks that are defined by the user. 

3.6 TactonWorks 
As the focus in this thesis was to develop guidelines for how to create robust 2D-drawings 
and examine if there   was   a   need   to   improve   TactonWorks’   handling   of   2D-drawings, the 
software is described in this chapter. TactonWorks 4.4.3 was the version investigated and 
used in the self-study. 

3.6.1 3D-Model Configuration 
To begin with it is necessary to create a 3D-model in SolidWorks, as all operations have to be 
visible in SolidWorks to be able to be mapped and controlled in TactonWorks. After this a 
design tree of components is created in TactonWorks Studio, which usually does not differ 
that much from the part structure in the assembly of the CAD model. These components are 
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then linked with the components in the 3D-model with the operation Edit Update Mappings. 
Under each component you can create different attributes. These correspond to an operation 
on that specific part to be able to drive values such as a dimension value, suppression state, 
feature state, mate-state or add a macro.  

The actual value of the attribute is selected from a domain. The domain can either be a fixed 
numerical value, numerical interval, Int (Integer), Float (floating value), function, Boolean 
(either Yes or No), Class or a separate list. So for example if an attribute controlling the 
suppression state of a certain part in the assembly it would have the domain Boolean and 
therefore only allowing it be supressed or unsuppressed. See Figure 19 below for the 
components tab. 

 

Figure 19. Components tab in TactonWorks. To the left the Components design tree is shown, to the 
right the Attributes and below Constraints and Functions. 

In TactonWorks you also create a UI where all the different choices that the customer can 
make are set up. Under the tab User Interface in TactonWorks Studio, you create the UI 
depending on which attributes that has been created. There could for example be an option for 
the customer to suppress or unsuppress a certain part, and in the User Interface tab this would 
be connected to the attribute that controlled the suppression state of that part, see Figure 20.  
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Figure 20. The User Interface when running TactonWorks inside SolidWorks. 

The UI creation is structured into four stages; the first is Application which determines the 
UI’s width and field distribution. Next is the Step. An application can have multiple steps, 
which makes it possible to do some choices in the first step, save them and move on to the 
next step to make more choices on other parts of the model. When the steps are designed, 
different groups need to be created. The group stage group fields that are related to each other 
into sections. The fields are linked to the attributes under each component, but it is only those 
attributes that correspond to a necessary configuration that will be linked to a field. See 
Figure 21 below for the different stages of the User Interface. 

 

Figure 21. User Interface tab in TactonWorks. To the left is the structure tree of the four stages and to 
the right are the properties for a feature that is shown on the UI. 

When all of the above is created for a 3D-model, you can get a working, but very simple, 
configurable model. This is then run with TactonWorks Engineer which is the program that 
runs the configuration-model in SolidWorks. Here the end-user sees the options that was 
created in the User Interface tab and can create the desired product by making choices.  

In order to create a more advanced model it is required to create constraints for how the model 
is allowed to behave. This part is called constraints and functions, and this includes logical, 
relational and arithmetical operations and also conditions, constants and functions. With these 
you can for example control what happens when the model changes its shape and parts are 
being replaced. An example could be that the cross-section area of a hole on a cube should 
never be greater or equal to the cube's surface area, which otherwise could have led to that the 
hole "eating up" the cube. 
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Under the tables tab you can create different tables, which simplify the creation of constraints 
when you for example have several fixed values for different dimensions. This saves time 
when modelling and also when the configurator runs and retrieves those values, and this is an 
easy way to keep the configure-model organized. This is done by creating a table with a 
number of variants. The variants are considered to be the rows in the table. The table has a 
domain that  controls  the  variant’s  values. So the variant name and the domain are considered 
as the columns in the table. An easy way to apply these tables to a component is by using use 
variant table which is located under each component. Under the tables tab you can also create 
your own domains under custom domains. A configuration model always has a default custom 
domain, which is Boolean and has two elements, No corresponding to the value 0 and Yes 
corresponding to the value 1. See Figure 22. 

 

Figure 22. Tables tab in TactonWorks. To the left tables and variants are shown. Top right shows the 
properties for an variant and below are the features and values. 

With all of these functions, complex 3D-models can be configured and controlled to behave 
as you want them to. Some common configurable choices are, for example to change the size 
of parts of the model, change the dimensions, colour and materials, how many of a specific 
operation to be placed, where an operation is placed on a part or where a part is placed in the 
assembly. See Figure 23 for an illustration of what TactonWorks looks like when configuring 
in the Studio and Engineer is running with the UI. 
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Figure 23. 3D-model with TactonWorks Studio to the right and TactonWorks Engineer started to the 

left. 

3.6.2 2D-Drawing Configuration 
Creating a configuration model of a 2D-drawing is similar to how it is done with the 3D-
model. The main difference is what the functions and attributes are mapped to. The first thing 
that is done after the 2D-drawing is created, though it is not necessary to have it completely 
finished as you can do it simultaneously, is to map a component to the drawing-file in the Edit 
Update Mappings, see Figure 24. The drawing is then seen as a component just like the parts 
are in the 3D-configuration. 

 

Figure 24. Edit Update Mappings for the drawing-file in TactonWorks. 

After this, attributes are created to control that the 2D-drawing will conform to  the  company’s  
standards when the 3D-model changes appearance. This is not about being able to control the 
2D-drawing itself through choices, but more about keeping the 2D-drawing as similar to the 
original 2D-drawing as possible after the selection has been made on the 3D-model. As the 
model’s   dimensions   often   can   be   modified   in   a   configurable   model,   both   views   and  
dimensions in a 2D-drawing have a tendency to change position on the sheet and even end up 
outside of the sheet when it becomes bigger or smaller. Hence, the most common attribute is 
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to determine the scale of the views and the positions of the views and annotations. This is 
done by mapping the various attributes to the functions View/Sheet Scale Value, View 
Position Value and Annotation Position Value respectively. See Figure 25 for an illustration 
of the drawing component. 

 

Figure 25. A 2D-drawing mapped and configured in TactonWorks. 

When the user wants to determine the position of a view and annotations, attributes are 
manually created for this. Since an attribute only can control one function, the user has to 
create one attribute for the placing in the x-direction and another for the placing in the y- 
direction. These values are then manually set by the user to position the view and the 
annotations which mean that they are absolute positioned on the sheet. If the view changes in 
size, the annotations will stay in exactly the same position as before, regardless of how the 
view changes. See Figure 26 for an illustration of the Edit Update Mapping for an Attribute 
on a drawing. 
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Figure 26. Edit Update Mappings for an Attribute on a drawing in TactonWorks. 

Controlling the scale on the 2D-drawing is also something that often needs to be done to 
maintain the layout of it when the 3D-model changes in size. By creating an attribute that 
controls the view/sheet scale the user can, by different constraints and/or tables, determine 
which scale to be used in different scenarios. 

Not everything on the drawing can be controlled in TactonWorks. For example a sketch 
dimension, which is an annotation, is possible to map and then drive in terms of visibility, 
position and value, but a surface finish symbol, and its value, which is also an annotation 
cannot be mapped. Below is a list of all categories of parameters and properties that are 
possible to map in TactonWorks 4.4.3, see Table 2. 
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Table 2. Configurable parameters and properties in TactonWorks 4.4.3. 

Tacton Works Parameters 

Custom properties   

Sheet  Scale 

Annotations  Visibility, position 

Dimensions  Value 

Notes  Position 

Tolerances  Min- & maximum value 

Views  State (visibility), position, scale 

Additional views Section view State (visibility), position, scale 

 Detail view Visibility (state), position, scale 

 Broken view Position 

Referenced configurations   

Property value   

Layer state   

Macro   

 
Constraints and Functions and Tables are also used when configuring 2D-drawings, just as 
for 3D-model configuration. Constraints can for example be used to determine scales or 
positions relative to other attributes and values. 

Sometimes it is necessary to add attributes and drive parts and operations that are not shown 
in the current state of the 3D-model. They might be suppressed for a number of reasons, either 
by choice of the user or based on whether or not another part or operation is present. Then you 
need to go through the configuration and make all the possible choices that the user can make 
and at the same time set dimensions, add attributes and create constraints for how it should be 
driven. 

3.7 DriveWorks 
DriveWorks is another company that develops and distributes a product configurator, also 
called DriveWorks, that is connected to SolidWorks, just like TactonWorks. DriveWorks 
exists in three different versions: 

 DriveWorks Express – Version that is included with all versions of SolidWorks. Able 
to create drawings from the configurations, but no functionality to drive the content in 
them (positioning views and dimensions etc.). 

 DriveWorks Solo – More advanced version that includes more functionality. Able to 
create drawings and drive the content in them. 
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 DriveWorks Pro – The most advanced version that includes even more functionality 
like the ability to configure products online. 

DriveWorks Solo was the version that was tested and analysed in this thesis. It functions in 
roughly the same way as TactonWorks when it comes to controlling drawings. In DriveWorks 
the user captures (same as mapping in TactonWorks) what needs to be driven on the 2D-
drawing, see Figure 27. This can be a sheet, to be able to control the scale, name or state of it 
by setting up various rules later on. In DriveWorks the capturing of sheets and views is done 
with a graphical interface where the user is shown the current layout of the drawing and can 
check boxes for which sheets and views that need to be controlled. Information is also shown 
about the sheets and views.  

 

Figure 27. Illustration  of  how  to  capture  views’  and  annotations'  position  in  DriveWorks  Solo. (1) 
Graphical overview interface. (2) Which view to use as reference. (3) What direction the annotation 

has in reference to the view 
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Just like in TactonWorks the user has the possibility to capture and drive the position of 
annotations. This is done by choosing which view the annotations are connected to, and then 
selecting which annotations to capture by selecting those on the drawing in SolidWorks. In 
DriveWorks the positions of annotations are relative to the views, and this means that they 
will follow the placement of the view. If the view changes position so will the annotations, 
and if the view changes size the position of the annotations will also change. To achieve this, 
the user has to choose how the annotation is supposed to be placed relative to the view. This is 
done by selecting whether the annotation should be linked to the top or bottom and to the left 
or right edge of the view. DriveWorks then automatically keeps the distance between the 
annotation and the view edges no matter how the view changes in size or position. 

The user can select multiple annotations by drawing a fence on the drawing, for example 
select all the balloons, see Figure 28, and control how they are supposed to be positioned in 
reference to the view. This is used to quickly be able to select multiple annotations that are 
supposed to be positioned in the same way. The user can now see which annotations are 
captured to   which   view   and   how   they   are   linked   to   the   view’s   edges   by   clicking on the 
different views in DriveWorks, which shows this information in a tree structure. If the user 
wants to change the position of a view or annotation this is done by moving it in SolidWorks 
and then pushing a button called Update positions, which captures the new positions of the 
already captured views and annotations on the drawing. 

  

Figure 28. Illustration of capturing balloons in DriveWorks Solo. 

As in TactonWorks, you have the ability to create rules to control the captured information. In 
TactonWorks these rules are created as constraints that form boundaries for how the 
configuration can behave. In DriveWorks the rules are set up more as in sequential 
programming  which  means   that   the   rules   are  more  of   the   “if   this  happens, then this should 
happen”-kind.  

In these rules you have the ability to make calls to different parameters in SolidWorks 
drawings, for example the welding symbols and their values. In DriveWorks you can control 
the following annotations types and their values: 
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 Note 
 Dimension Text 
 Surface Finish Symbol 
 Weld Symbol 
 Geometric Tolerance 
 Datum Feature Symbol 

The callouts follow the form shown below where all symbols have their own specific value: 

SETSYMBOL([SymbolIndexNumber],(SurfaceTextureIndexNumber],[AllAround]) 

3.8 Best Practice for Creating Robust CAD Models 
Best practice is a term used to describe the ways to carry out a task that has proven to be the 
most beneficial. The aim is therefore to find a method which gives the best result in as many 
cases as possible. A best practice can be based on guidelines for how problems should be 
solved in the best possible way, and can be seen as a quality assured standard procedure. The 
term is used in many different fields, but one thing that is common for all of these are that this 
method should provide significantly better results than other methods, that the result somehow 
can be measured, and that the method is replicable and can be reused. 

In Tacton there is a best practice for how to create robust 3D-models suitable for design 
automation (Ernfors, 2009), but not for 2D-drawings. Examples of guidelines are that all 
sketches should be fully defined, that you should use standard planes and origin points when 
mating parts together in assemblies to ensure that the references are robust and to have logical 
names of the features and operations that are going to be driven. The need for robust 
references in the assembly-model was also an important finding. 

The use of standard planes is also recommended by (Wingård & Johansson, u.d.) for creating 
robust assembly models. It is not directly stated for use in Design automation but it states that 
it makes the model more robust when changes and updates occur. 

DriveWorks also has some guidelines for creating robust 3D-models for design automation, 
(DriveWorks Ltd., 2013). Neither of those concerns the 2D-drawings. One guideline from 
DriveWorks is that the user should avoid in-context or top-down modelling when creating the 
model. This means avoiding to create parts that are dependent on each other in any way and 
instead create all parts from the bottom-up and leave all the relations between parts to the 
configurator. The same was concluded in Johan Ernfors’  thesis,  (Ernfors, 2009). Some of the 
reasons for this are that relationships between parts cannot be seen in the configurator and are 
therefore harder to maintain and understand. It is easier to change a rule in the configurator 
than it is to find and redefine relationships in SolidWorks. There can also be conflicts between 
in-context created relationships and rules created in the configurator. For the same reasons as 
above the use of assembly equations is also advised against. 

The use of in-context modelling in design automation is however contrary to the previously 
described guidelines, presented as suitable for design automation, (Amadori, et al., 2012). The 
lack of inter-part dependencies in bottom-up modelling makes it harder to modify the final 
geometry, according to this study. Though, in the study there was no use of product 
configurators.  
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4 EMPIRICAL STUDY 
4.1 Software Study of SolidWorks and TactonWorks  
During the self-studies of SolidWorks and TactonWorks we encountered some problems. 
Below are the most important problems and thoughts listed. 

4.1.1 Overall 
 It was hard to know what operation could be mapped to a certain attribute. Several 

things in the 2D-drawing could not be mapped and had to be placed in different layers 
to be shown or hidden. This could be confusing and seemed illogical. 

 A lot of attributes and constraints were needed to drive a 2D-drawing and this made it 
difficult to get a good overview of the configuration model and also to interpret 
someone else's model. 

4.1.2 Dimensions and other Annotations 
 Dimensions were placed in reference to the 2D-drawing's coordinate system, which 

was located in the lower left corner of the sheet. We felt that this was illogical since 
the dimensions were referring to the part. 

 To position annotations, two separate attributes were needed for the x- and y-
coordinates to fully define their position.  

 Controlling the detail circle (of a detail view), section lines and break lines was 
difficult. These entities needed to be captured with the help of workarounds.   

 It was not possible to change the text in notes with the configurator; for example, 
change the notes depending which language was used. The only possibility to solve 
this was to create a variety of notes and hide and unhide them depending on the 
configuration. 

4.1.3 Balloons and BOM 
 To place balloons, two separate attributes were needed for the x- and y-coordinates to 

fully define their position.  
 It was difficult to control that the arrows for the balloons did not collide with each 

other.  
 If a BOM was placed right above the title block and parts were added to the list, the 

BOM would cover the title block.  

4.1.4 Views and Sheets 
 To place views, two separate attributes were needed for the x- and y-coordinates to 

fully define their position.  
 It was not possible to write texts in the title block directly through the UI which could 

be helpful. 
 There was a problem when hiding section views and detail views with the 

configurator, as this only hid the view itself and not the section line or the circle of the 
detail view. 
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 Scaling the views demanded a deeper knowledge about the model to decide what 
parameters to be included in the scaling equation. 

4.2 Interviews with TactonWorks Users 
In the following chapter the results from the interviews conducted with TactonWorks-users 
are presented. The results are divided into how the user created configurable 2D-drawings, 
what kind of problems they encountered, which parameters they wanted to control, what they 
thought about the help and documentation regarding configuration of 2D-drawings and what 
they thought about the future for 2D-drawings.  

4.2.1 Creating a Configurable 2D-Drawing 
4.2.1.1 Purpose of the 2D-Drawings 

During the interviews, three different kinds of drawings used in design automation came up: 

 Basic layout 2D-drawings with overall dimensions for overview purposes. 
 Detailed drawings for manufacturing purposes. 
 Assembly drawings with BOM for quotation purposes. 

The 2D-drawings created with TactonWorks turned out to be mainly used for customers, 
manufacturing and quotations. Usually there is an engineer between the salesperson and 
manufacturer that controls the quality and accuracy of the 2D-drawings and usually does 
some manual finishing, making them look as good as possible. The grade of automation 
depends on the customer; some want the 2D-drawings to be 100 % correct and for some it is 
enough with around 80 %, just to save some of the time when setting up the basics. In the 
cases where the 2D-drawings went to an in-house manufacturer the visual appearance of the 
2D-drawing was not as important, as it was if it was supposed to be sent to a partner or 
customer outside the company.  

The opinions about which 2D-drawings were the hardest to create varied. Some of the 
interviewees thought that the detail drawings were the hardest because of all the details, and 
some thought that the assembly drawings were the hardest because of all the interchanging 
parts and balloons that could collide.  

A lot of people found it hard to create 2D-drawings in which the model considerably could 
change in size, and therefore in scale, as this affected the 2D-drawing views, dimensions and 
other annotations greatly. 

4.2.1.2 Work to Make the Drawing Robust 

Only two of the interviewees used any kind of method to make the drawing more robust and 
easy to automate. One of the interviewees created planes and sketches in the 3D-model and 
dimensioned those instead of the model itself, in cases where the dimension referenced to 
parts that were interchangeable. This resulted in him not having to dimension the same thing 
for different configurations.  Another user had a similar approach but he only used sketches 
that were created in the 3D-model to dimension the drawing. By doing this, the dimensions 
were kept at the same distance from the sketch, no matter how the view changed size, scale 
and position. This meant that he did not have to control their positions with TactonWorks at 
all. 
The  majority  of  the  interviewees  did  not  use  any  kind  of  ”smart  functions”  from  SolidWorks,  
like aligning measurement, using magnetic lines to position balloons and so on when creating 
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the drawings. Some users stated that the reason for this was that they had problems in the past 
when using these and that it could cause conflicts with TactonWorks.  

4.2.1.3 The Procedure of Creating a Configuration Model 

This chapter describes a general procedure of creating a configuration model for the users of 
TactonWorks, based on the interviews. The first steps, to establish demands and planning, is 
mainly focused on employees at Tacton and their partners. 

Demands from Customers 
The journey for Tacton employees and partners usually started with demands from the 
customer, where the customer provided a couple of examples on how they wanted the final 
2D-drawing to look.  A lot of the interviewees described the importance of questioning the 
customer about the purpose of the drawing and what actually was important in it. By doing 
this it was easier to concentrate on the most important and critical aspects of the drawings, 
and not wasting time on things that did not matter in the end. Many of the interviewees also 
said that they strived to keep the drawing as simple as possible, and tried to only include the 
most important things. They also said that it was important to find out what the goal was with 
automating the drawings. If the drawing would go directly to manufacturing the need for a 
100 % correct drawing was more important than if it would go through an engineer who 
would review it.  Often, it is not realistic to ask for a 100 % correct drawing since it would 
take too much time to achieve this and it would not be worth it, according to many of the 
interviewees. 

It was the same for when deciding which configurations were the most important, and 
therefore had to look good. If 80 % of the orders are in a certain interval, is it really worth it to 
spend more than half of the time to get the remaining 20 % to look good? One of the 
interviewees had experienced this while working on a configuration model for a customer. He 
had problems getting a certain detail to look good in the drawing. When he asked the client 
about how often this detail was chosen, and therefore how important it was that it looked 
good, the client looked it up and came back with the answer that it had only been chosen once 
in the last 20 years. This was something that some of the interviewees commented on; you 
should not overdo the drawing, since it is mostly something that no one will care about and 
something that could be fixed manually in a more simple way. One of the interviewees 
phrased  it  as  follows:  “You  have  to  ask,  is  this  enough?”.  Many  of  the  interviewees  said  that  if  
you have problem with creating something you should ask the customer if it has to look that 
way or if it can be done in another way. 

Planning the Project 
After the requirements for the drawings were established, some planning for the creation of 
the 2D-drawing and its configuration model was usually done. It was preferable to collect 
many reference drawings in many different configuration states so that the modeller could get 
an idea of how the customer wanted the drawing to look. By doing this, the modeller could 
also get an overview of how the drawing changed in appearance and size; what stayed static 
and so on. This was really useful when creating the 2D-drawing and configuration-model. 
One of the interviewees said that you should not start with the drawings until you are 
completely finished with the configuration of the 3D-model. If changes were made in the 3D-
model this could affect the 2D-drawings and you might have to redo some, or all, of the work 
that had been done on the 2D-drawing. 
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Creation of the Configuration-Model 
In most cases the drawings were configured simultaneously as they were created. The user 
started with setting up the document properties. The views were placed on the sheet, mapped 
to TactonWorks, positioned, scaled and tested, and this was repeated until all of the views 
looked good with different sizes of the model; usually the extreme values were tested first. 
Then the user moved on to the detail views and followed the same procedure as before. The 
creation and positioning of dimensions and other annotations also followed the same 
procedure with the difference that these were not scaled. This part usually took the most time 
because of the large number of annotations on a drawing that could change depending on the 
configuration. The position of the dimensions was also tested by changing sizes of the model. 
This had to be done in different configurations to see how the annotations affected each other 
when operations and parts are replaced or suppressed.   

It was stated that it was important to realize that everything that needed to be visible and 
controllable on the drawing had to be put on the sheet and mapped at some point. This was 
most important regarding dimensions. It was also necessary to manually decide when these 
dimensions were going to be shown. Otherwise they would be shown in every configuration, 
and   in   the  cases  when   the  configuration  was  missing   the  dimension’s   reference   they would 
become dangling. One of the interviewees described that he solved this by using layers to 
control the visibility of difference dimensions schemes. Some of the other interviewees said 
that they solved this by turning on hide dangling dimensions in the document properties. This 
setting makes sure that only dimensions that have their reference present on the sheet will be 
shown. 

Once this was done, a final testing was conducted to make sure that the drawing looked good 
in different configurations and it was then shown to the customer. If the customers were not 
satisfied, the modeller would have to go back and fix the drawing. 

One of the interviewees described how he used to test the drawing by changing a lot of the 
choices in TactonWorks Engineer in different order, without restarting it, to try to get it to 
crash. He commented that he stopped doing this and now only tests it as he believes that the 
client would use it, which is by starting TactonWorks Engineer, making your choices, 
creating the drawing and then closing TactonWorks Engineer, and then do the same for 
another   configuration.   He   meant   that   the   customer   does   not   “play   around”   with   the  
configurator and that it is unnecessary to test for this.  

General advice from the Users 
One of the interviewees was working on a project at the time of the interview where she had 
not created any of the configurations for the 3D-model. Her tip was that it can be useful to 
work with both the 3D- and 2D-configuration since this allows a deeper understanding of the 
product and the knowledge of how the 3D-model behaves, and this makes it easier to 
configure the 2D-model.  

Another topic that came up was the need for experience and education in SolidWorks, both in 
3D-modelling and in creating 2D-drawings, to be able to create configurable drawings. A lot 
of the time, you needed to have this experience to be able to find solutions to trickier 
problems.  

On a deeper level, some of the interviewees commented that it could be really helpful to work 
with variant tables instead of creating attributes and constraints for everything, and this was 
also applicable on the 3D-configurations. Many also commented on the importance of naming 
the attributes in a describing and logical way to avoid confusion further on. It could also be 



37 

useful to reuse them, and map more than one feature to an attribute if they would have the 
same value.  

4.2.2 Problems Identified by the Users 
The overall problem with creating configurable 2D-drawings was the time it took to create 
them, and many estimated that the time spent on the 2D-drawings widely surpassed the time 
spent on configuring the 3D-model. A lot of the interviewees estimated it to take about 75 % 
of the total time in a design automation project to create the configurable 2D-drawings. Below 
is an illustration of some of the problems that could occur when the 2D-drawing was not 
controlled correctly, see Figure 29. 

 

Figure 29. Illustration of overalpping views, incorrect scaling of views and incorrect positioning of 
dimensions 

One experienced user pointed out that the most important things in SolidWorks were possible 
to drive with TactonWorks, but the problem was that the user had to know where everything 
was supposed to be placed and how every drawing should look in all different scenarios.  
Other  issues  the  interviewees  commented  on  was… 

…how   tedious   it   was   to   place   annotations, especially dimensions, on the 2D-drawing. In 
TactonWorks version 4.4.3, annotations were placed relative to  the  sheet’s  origin,  which  was  
located in the bottom left corner of the sheet. It was also considered difficult working with 
absolute positions of the dimensions on the drawing since the views often changed size. This 
meant that the outer edges of the view could overlap dimensions if it increased in size, see 
Figure 29 above. 

…  applying   correct   scaling   to   get   the   2D-drawing to look good, see Figure 29 above. The 
scaling had to be used if the model could vary greatly in size since the views otherwise might 
not fit on the sheet if the model got too big, or would look to tiny when the model was small. 
To get the scaling correct, some users created different mathematical functions that, based on 
certain parameters of the model, scaled the views. Other put scale values in tables. In these 
tables predefined scales were corresponding to different size intervals of the model. A lot of 
the users did not care about standard scales and just wanted to get the views as big as possible 
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on  the  sheet,  but  others  only  worked  with  standard  scales  and  some  used  scales  that  “looked  
nice”.  The  last  one  meant that they had to create special tables with the permitted scales and 
another function that calculated which of those scales to choose.  

…dimensions   losing   their   reference   in   2D-drawings. When dimensioning an assembly 
drawing, chances were that the dimension referred to more than one part. This meant that 
what you saw as an overall dimension of the assembly usually referred to different parts 
depending on which configuration was chosen, and you actually had to place the dimension 
for every single case, see Figure 30. This could also happen when dimensioning part files if 
they had features that were suppressed and unsuppressed for certain configurations. 

 

Figure 30. Illustration of an overall dimension in two different configurations in SolidWorks. 

…the   problem   to   drive   text   in   notes   on   the   drawing. In some cases notes needed to be 
configurable and driven by the configurator so it changed content based on which 
configuration was chosen. At the time of the interviews, the users had to use custom 
properties to make a note configurable, and this only made certain words linked to certain 
properties. In some cases it was necessary to exchange more than just certain words, for 
example change the language of the whole note. Another way to get around this problem was 
to create multiple notes with different content and then show and hide these based on rules for 
different configurations. 

…managing  balloons  and  BOMs.  Every  single  balloon  on  the  2D-drawing had to manually be 
placed on the view, and there was no easy way to make sure that the balloons, or the arrow 
lines, did not collide with each other. Many people also missed functionality in controlling of 
the BOM and would for example like to be able to control the order of the content and its 
position on the sheet. If the balloons are not controlled in a correct way they could end up 
overlapping, and arrows crossing, each other. See Figure 31 for an illustration of balloons 
overlapping and arrows crossing each other. 



39 

 

Figure 31. Balloons overlapping and arrows crossing each other. 

…the   lack   of   control  of broken views in 2D-drawings. To be able to control the state and 
position of breaks in 2D-drawings it was necessary to use a macro, and a lot of time was spent 
on getting it to work properly.  

…the  need  to  use  workarounds  for  what  could  seem  like  ordinary  tasks.  One  of  those  issues  
was how you had to use sketches in SolidWorks to create section lines and detail circles and 
the set dimensions on drive them, instead of just creating them in the ordinary way, see Figure 
32. Overall there was a problem to know what could be mapped and controlled by 
TactonWorks and what you had to create workarounds for.  
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Figure 32. Illustration of how a section line needs dimensions for the end-points in order to drive the 
length of it. 

…to   locate   the   attributes   and   constraints   they   were   looking for when working with larger 
models, though many also said this was not a problem. The ones who commented on this said 
that one of the problems with attributes for the 2D-drawing was that they were all on the same 
hierarchic level.  

…that   the  most   time  consuming activity when creating the 2D-drawings was the testing; to 
control that the 2D-drawing looks good in all possible configurations. This was done by 
manually testing various configurations. Another time consuming testing issue was when the 
user wanted to see how the positioning of views and annotations looked with different 
position values. In order to test different configurations and input values, the user had to first 
save the configuration file, change to the 3D-model window in SolidWorks and start (or 
restart) the configurator. Finally the user had to press update drawings and then change back 
to the 2D-drawing window. 

4.2.3 Controllable Parameters and Properties 
An important question was which kind of parameters the users needed to be able to map to an 
attribute in TactonWorks, and what properties on these parameters they needed to drive. 
Presented below are all the parameters and properties that came up as suggestions to be 
controllable in TactonWorks. This list excludes those that already can be mapped in 
TactonWorks 4.4.3, which were shown previously in Table 2. 

4.2.3.1 Properties on Sheets 

The sheet format and size can be changed in SolidWorks. Usually, each company has its own 
standard sheet, with its specific size and format and with company data and logo pre-printed. 
During the interviews, it came up that there sometimes could be problems with models that 
could vary greatly in size and shape. When using standard scales there could be pretty big 
leaps in the view sizes, and sometimes it could be better to change the size of the sheet rather 
than the scale. 

Depending on the configuration state, different number of sheets could be needed in the 
drawing file. In some cases, it is only necessary to have one sheet but in other cases two or 
more might be needed. When only one sheet is used, but several sheets are possible, the rest 
are going to be empty and this could be confusing for the end-user.  
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4.2.3.2 Properties on Views 

On the views there were several types of properties that were requested to be able to map to 
attributes.  

In the 2D-drawings there are often additional views, apart from the standard views, to explain 
the model, such as section view, detail view and breaks. To create a section view, a cut line 
was needed and this was something that could not be driven by TactonWorks in an easy way. 
The problem was the same for detail views as you needed to drive the size of detail circle. 
Another problem regarding the detail view was that the name changed as the scale changed. 
This caused TactonWorks to lose the reference to that attribute, and it was not possible to 
drive detail views in terms of position, size and scale either.  

It was also commented that broken views was not controllable in such way that the user 
wanted, and needed, to use them correctly in a configurable 2D-drawing. 

A feature that is an option in SolidWorks is to hide and show edges and components on the 
drawing (hidden edge on/off, show/hide components and shown/hide bodies) and these were 
requested to drive with different configurations in TactonWorks. 

A model may need to be set in different angles for different choices in the configurator, and 
therefore it was, according to some, necessary to be able to rotate the view of a model and 
also drive this in TactonWorks. 

An assembly drawing can have an exploded view of the model and as components in this 
assembly may change or be suppressed it is sometimes needed to change the state of the 
exploded view based on different configurations. 

4.2.3.3 Properties on Tables 

There are several types of tables that can be connected to an assembly drawing. The most 
common were BOM and Weldment cut list for cut welded structural shapes created with 
SolidWorks’  weldment   functionality.      It was requested that these should be controllable in 
terms of position, visibility for each row and column, value and order of the content. 

4.2.3.4 Properties on Annotations 

Missing mappable annotations were among others, driving symbols such as surfacing, 
geometrical, tolerance and weld symbols in term of position, symbol type and value. 

The SolidWorks feature blocks were frequently used by some of the interviewees. With this 
functionality, sketches created in the 2D-drawing could be grouped together to move as one 
entity. To simplify the configuration model, blocks were nice to use and needed to be driven 
in term of size, rotation, position and content. 

As the model changes and components are suppressed and unsuppressed the balloons in an 
assembly drawing might end up in different order than intended. Therefore there were wishes 
to drive the order of the balloons so that they kept a numeric order. 

The created 2D-drawings usually contained notes about, for example, manufacturing 
properties, and might also be displayed in different languages which were changed based on 
input values from the end-user.  

A request from one user was to be able to change formats on annotations such as line width, 
arrow size and arrow type etc. 
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4.2.4 Help and Documentation  
Most   users   learned   to   work   with   TactonWorks   by   “trial   and   error”.   They   tried different 
solutions and methods until they found a way that worked well enough.  

In most cases, the users first tried to find solutions by themselves when encountering a 
problem. Many of the interviewees said that a lot of the time it was hard to know whether it 
was bug in the software, or if they had done something wrong.  

Almost everyone that was interviewed commented on the lack of written documentation and 
help related to configuring 2D-drawings with TactonWorks.   

They said that the documentation for how you configure 3D-models was good, but that there 
was none of this for 2D-drawings. Even if you had taken a course in TactonWorks it was hard 
remember everything. Many of the interviewees had used SolidWorks before they started with 
TactonWorks and some had taken courses in it. It was commented that even in the course for 
SolidWorks, which in these cases lasted for about a week, only a fraction of the time was 
spent on drawings.  

If the users could not find a solution, they usually contacted a colleague to discuss the issue, 
and see if they could come up with a solution together. Sometimes a dialogue with the 
customer could lead to new ideas and solutions which could make the work easier. Among the 
customers, many of them turned to their reseller to get help if they could not find a solution 
within the company. One of those resellers even created their own hand book for 
TactonWorks which included some basic documentation for 2D-drawings since Tacton did 
not provide this. Among the German users there was a great demand for a German speaking 
technical support.  

If the colleagues or the reseller could not find a solution and it seemed like a bug or a missing 
function in the software, the problem was reported into JIRA, (Atlassian, 2013). JIRA is the 
software that Tacton, and many other companies, use for keeping tabs on bugs and issues in 
their software, among other things. This ultimately led to a solution in most cases, but in some 
cases the problem became unresolved if Tacton could not fix it. According to some of the 
interviewees, reporting to JIRA and waiting for an answer was sometimes a process that took 
more time than the customers were willing to wait. 

4.2.5 The Future for 2D-drawings 
Most of the interviewees had a positive attitude towards using the 3D-model as a 3D-drawing 
that would replace the use of 2D-drawings, see Figure 33. They said that it would make their 
job a lot easier if they would not have to deal with the time consumed for creation and 
configuration of 2D-drawings. Many said that nowadays the 3D-model could contain all the 
information needed for manufacturing and that the 2D-drawing only was a projection of the 
3D-model. There were more advantages using the 3D-model, instead of a drawing, besides it 
being faster, according to some. One of those was said to be that it was easier to get an 
understanding of the model by looking at 3D-model that you can spin around as you like. 
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Figure 33. An illustration of how a dimensioned 3D-drawing could look in SolidWorks. 

A lot of users were of the opinion that 2D-drawings would still play an important role in the 
future and stated that there were no signs of them disappearing any time soon. They said that 
the discussion about production without 2D-drawings was almost as old as the CAD 
technology itself and that it was not a realistic scenario. Others compared it to the discussions 
of   the   “paperless   office”,   and   said   that   this   also   was   unrealistic.   One   advantage with 2D-
drawings, compared to using only the 3D-model, was said to be that it is easier and more 
convenient for the manufacturer with a physical paper that can be placed beside the machine. 
Another person said that a customer found faults in the 3D-model by inspecting the 2D-
drawings and that these might otherwise never have been found.  
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5 ANALYSIS AND CONCEPT GENERATION 
Both the interviews and the self-studies revealed some problems with how TactonWorks and 
SolidWorks handle the configuration of 2D-drawings, and they both pointed to roughly the 
same problems.  

Even though several of the interviewees believed that 2D-drawings were obsolete, and were 
positive about a future without them, no one actually believed that this would happen in the 
near future. This showed that further development of the software, and guidelines for robust 
drawings, were needed. 

Below follows the analysis of what was found during the self-studies and the results from the 
interviews.  

5.1 The Creation of Configurable 2D-Drawings 
In general, people created their configurable 2D-drawings by positioning the views and then 
getting those to work via TactonWorks before they started to work with the dimensions and 
other annotations. One of the interviewees put it as that you start with the large pebbles and 
then go on with the smaller ones. 

When asked about which drawings were the hardest to create, it was often said that it was the 
detail drawings with a lot of annotations, or the assembly drawings with interchangeable parts 
and balloons. To summarize, you can say that the more details a drawing has, the more 
difficult it is to automate. That most of the time and effort was spent on getting the details 
(often positioning of certain dimensions and other annotations) to work showed that this was 
an area in which improvements should be made. It was hard to get examples of what these 
details were since it depended very much on the specific drawing. The fact that it was easy to 
create the fundamentals (mostly the views) on the drawing might also be due to the fact that 
that these often are rather static and do not change all that much depending on the 
configuration, and that there usually are not so many of the them, compared to the 
annotations. The more details that are introduced on the drawing, the more relationships 
between these there are. Since you cannot control the positioning of objects on the drawing 
based on the position of other objects, i.e. relative placing, this all have to be done explicitly. 
This demands that the user knows exactly where things will be in different scenarios, and then 
creates constraints for this. Doing this on a drawing with many details and many different 
possible scenarios, the positioning of objects quickly becomes overwhelming.  

What was interesting about the way people created their configurable drawings was that only 
two of the interviewees made any kind of work in the 3D-model to get a robust 2D-drawing. 
When creating a robust 3D-model, with the automation process in mind, there were several 
guidelines (Ernfors, 2009) that people followed. This was not the case for 2D-drawings and 
the knowledge about this did not seem to be that spread. During the interviews not many 
methods were found to create robust 2D-drawings suitable for automation, and it was clear 
that a change in method could not solve all the problems that the users had, by itself.  

We believe that the reason so few of the interviewees used any special methods, or ways of 
thinking, when creating the 2D-drawings is because they only are projections of the 3D-
model. You are not actually configuring the 2D-drawing, instead you are trying to prevent the 
effects of the changes made in the 3D-model. In a 3D-model you have a lot of tools at your 
disposal to create robust models by fully defining your sketches and working with reference 
planes. These tools are not available in the 2D-drawing environment. 
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5.1.1 Customer Journey Map 
From the results gathered during the interviews, a Customer Journey Map (CJM) was created 
to visualise the interviewees’  process  of  creating  a  configurable  drawing, see Figure 34 and 
Appendix C for a larger version. Most of the users had a similar way of creating their 
configurable drawings that involved starting with the biggest and most basic objects on the 
drawing and then going on to fix the details, like dimensions where most time was spent. 
The touch points in the CJM are marked to indicate if they were of a positive, negative or 
neutral experience. In the CJM there are four different loops that the user goes through when 
creating a drawing. They are Views, Detail views, Dimensions and Annotations. The 
dimensions were not included with the annotations in the CJM since the users saw them as a 
separate group. The different loops included placement of views and annotations, i.e. creating 
them on the sheet with SolidWorks, on the drawing and mapping them to TactonWorks. They 
are then positioned, i.e. given an x- and y-value from the sheet origin, and in the case for 
views scaled, in TactonWorks. Finally this is tested for different values and different 
configurations to make sure it looks all right. The testing with different configurations is also 
done to make sure that everything that is needed on the 2D-drawing is dimensioned. The 
scaling, positioning (dimensions and other annotations) and testing touch points are all 
marked red since these were things the users found annoying and time consuming.  To 
eliminate some of the steps in the loops for views, detail views, dimensions and annotations 
would make the journey both more pleasant and less time consuming.  

 

Figure 34. Customer Journey Map of the users' workflow. 

The demands from customers were also something that many of the interviewees identified as 
something negative since they very often were unrealistic and the people in charge of 
drawings  at  the  customer’s  office  often  were  rigid  and  did  not  want  to  compromise with the 
look of the drawings. The knowledge that the person responsible for 2D-drawings at the 
customer’s  company  holds  is  what  can  be  categorised  as both tacit and individual knowledge 
(see 3.1 Knowledge Based Engineering). This can make it difficult for the modellers who 
create the configurable 2D-drawings, since the knowledge about what the drawings should 
look like is often limited to a single person. This knowledge then has to be applied to multiple 
scenarios for the 2D-drawings, which can be difficult.  If the customer is not properly 
informed about design automation this can lead to unrealistic expectations about the result. 
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With the software available today you cannot expect the outcome to look manually created 
since the knowledge   to  create  a  “perfect  drawing”   is   tacit  and  hard   to  put   into  well-defined 
rules. Of course there is lot that can be done to ensure that the outcome of the drawing looks 
good, but it has to be put into rules.  

When a user encountered a problem there are also quite a few red touch points. This has to do 
with the time it usually took to come up with workarounds and the lack of documentation. See 
Figure 35 for an illustration of this CJM, and Appendix DError! Reference source not 
found. for a larger version.  

 

Figure 35. Customer Journey Map of how users deal with encountered problems. 

5.2 Analysis of the Identified Problems 
From the interviews it was clear that some problems were more important than others. These 
were discussed more by the interviewees, or were mentioned by users who had great 
experience in both TactonWorks and SolidWorks.  These were: 

 Scaling of views 
 Positioning of annotations and other objects 
 Dimensions losing their references 
 Testing and quality control of the drawings 
 Missing controllable parameters in TactonWorks 
 The lack of overview  
 The lack of documentation 

Solving these problems will have a great positive effect on the user experience for a majority 
of the users. The problem areas are discussed in more detail below. 

5.2.1 Scaling of Views 
When the size of the 3D-model can change, it is important to scale the drawing views so they 
are small enough to fit on the sheet and big enough to be easy to read. 

A lot of comments were made about the trouble with models that could vary greatly in size, 
depending on the configuration and how the scaling was handled. The user had to manually 
add mathematical functions that calculated the scale depending on the different dimensions in 
the model, and this could take some time. If the user only wanted to use standard scales even 
more work had to be done to get the configurator to only choose from a list of those scales. 
This is work that can be done by the configurator and should be implemented as a standard 
function since it was used by almost all users. 
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5.2.2 Positioning of Annotations and other Objects 
Controlling the position of, for example, dimensions with TactonWorks turned out to be one 
of the major problems, and is by us considered the biggest issue with TactonWorks 4.4.3. As 
could be seen in the CJM this was something that the user had to do multiple times per 
drawing making it one the most time consuming tasks with creating a configurable 2D-
drawing.  

When placing a dimension in SolidWorks the user graphically places it at a certain distance 
from the part it is dimensioning. Thus, this is how the user thinks about dimensioning. Since 
the user is used to doing this graphically it is important that it is easy to adjust the positioning 
in TactonWorks to see how it looks with different values. To have the dimensions placed 
relative to a view also makes it easier to get a good looking drawing since the dimensions will 
follow the view, which can happen if the view changes position or scale, instead of being 
fixed on the sheet.  

Since almost every project involved positioning dimensions on the drawing this was 
something that affected almost every user of TactonWorks. By making this easier and more 
intuitive a lot of time can be saved.  

5.2.3 Dimensions Losing their References 
The problem with dimensions losing their references is basically that SolidWorks cannot find 
what the dimension is referring to. This can also happen with mates in the assembly when 
parts are replaced. 

As could be seen in the interviews, a lot of people found it tedious and time consuming to 
map and control all the dimensions in different configurations. This problem exists because of 
how SolidWorks handles interchanging parts and dimensions on drawings, and hence it is not 
possible to solve with just improving TactonWorks. 

Since SolidWorks does not know how to attach dimensions to replaced parts when the 
configuration changes, this has to be done manually which means creating dimensions for all 
different scenarios. This problem is connected to the fact that parts often are interchangeable 
in assemblies and that it therefore is necessary to map a dimension multiple times even though 
it refers to the same dimension.  

The more different configuration possibilities there are in the model, the more different 
scenarios are possible for the outcome of the drawing. This together with the fact that there 
often can be many dimensions on a drawing makes it very time consuming.  

It was regarding to this problem that one of the interviewees had his own solution (described 
in 4.2.1.2 Work to Make the Drawing Robust) to avoid having to dimension the drawing in 
every different configuration. 

5.2.4 Testing and Quality Control of the 2D-Drawings 
Testing, to make sure that the drawing looks good in different configurations, was something 
that was brought up a lot and that people had strong opinions about. Many of the users spent a 
lot of time testing and controlling the outcome of the drawings just to try to make sure there 
were no collisions between dimensions and other objects in the drawings.   

To test the different outcomes, you manually had to input values for which configurations you 
wanted to test. This is one of the most time consuming things about configurable drawings 
today; you have to manually test different configurations to make sure that they look all right. 
One of the interviewees said that you could not really guarantee that a drawing looked ok in 
the configurations you had not tested.  
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Testing different values, for positions and scales, and configurations was a major problem 
since it took a lot of steps to do this, and the user had to change back and forth between the 
2D-drawing and the 3D-model. The 2D-drawing is directly based on the 3D-model and it is 
not possible to completely ignore updating the 3D-model when the configuration needs to be 
changed. It should be possible to have the 3D-model running in the background and with a 
reduced number of steps see how the drawing changes in different configurations. However, 
when changing positions and other values only existing on the 2D-drawing it would not be 
necessary to update the 3D-model. In DriveWorks the user could change positions of 
annotations by just moving them to a new position on the drawing and then collect their new 
position by pushing a button. 

The problem with having to test different configurations is connected to Positioning of 
annotations and other objects and Scaling of views. The fact that you have to control the 
drawing can be seen as a lack of functionality in how the objects are controlled on the 
drawing. If there were a way to make sure that objects on the drawing did not collide or if 
they followed the views in better way, the testing would probably not be as important. 

5.2.5 Missing Controllable Parameters 
During the interviews it became clear that the biggest issue with TactonWorks functionality 
was not the lack of controllable parameters, but rather the way they were controlled. What 
people thought needed to be controlled in a drawing varied between persons and the projects 
they were working with at the moment. For a complete list of controllable parameters see  
Appendix E. The first interviews were conducted with employees at Tacton who at the 
moment were working on a project that involved drawing views that needed a lot of broken 
views. During those interviews the lack of a good and simple way of controlling break lines 
was brought up a lot, but in the other interviews this problem was not mentioned as much.  

When configuring a 2D-drawing you do not actually have to control everything with the 
configurator. A lot of the properties that are set in the 2D-drawing in SolidWorks are static, 
and do not vary between configurations. It is not common to see drawings where the font is 
changed on a dimension when the dimension exceeds a certain value for example. Thus, the 
goal should not be to control everything with TactonWorks. Of course it would be great if you 
could control everything there is in a drawing (including all its properties), but this would take 
a lot of time to implement for the developers, and would probably only be used a handful of 
times by the users. However, the empirical studies clearly showed the need for some 
additional controllable parameters. In DriveWorks, the user has the ability to control most of 
the parameters and their values.  

Being able to control more parameters with the configurator instead of the CAD software 
would be in line with the studies made about design automation and product configurators, 
(DriveWorks Ltd., 2013), (Ernfors, 2009) since it makes it more accessible and easier to 
change later on. 

 

5.2.6 The Lack of Overview  
Another problem that was brought up was the difficulty to get an overview of the attributes 
and constraints that controlled the drawing. One of the reasons for this problem was that only 
the drawing itself was mapped in TactonWorks, and therefore all the attributes that concerned 
it ended up in a single list. When a drawing was configured in TactonWorks, it usually meant 
that a lot of attributes were needed, and the majority of these attributes handled the control of 
dimension positions. The user was then responsible for creating some kind of order and 
structure to this. The more people that worked with the same model, the more difficult it got.  
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In DriveWorks, the placing of dimensions was not handled by user-generated attributes as in 
TactonWorks. As described in 3.7 DriveWorks, the dimensions were connected to different 
views which made it easier to get an overview of them and therefore also to find and modify 
them when needed. 

Another thing connected to this was the naming and organising of attributes and constraints. 
Because of this some people thought that it was difficult to work on another person’s model. 
Since the users were free to name and place attributes and constraints as they liked, it could 
lead to problems.  

5.2.7 The Lack of Documentation 
The need for different kind of workarounds was also something that a lot of people found 
frustrating and time consuming. The reason for this was often that you had to find these 
solutions yourself, and this could take a lot of time. This is connected to the lack of 
documentation and help regarding configuring 2D-drawings with TactonWorks. If there was a 
better help function in the program it would be a lot easier and less time consuming for more 
novice users to know how to solve certain problems. During the self-studies it was difficult to 
know what could be mapped in TactonWorks, and how. This was because you had to know 
what you wanted to map something to. The user did not get any clues to, for example, which 
annotations on the 2D-drawing could be mapped to which kind of features in TactonWorks. 
This resulted in it being difficult   and   frustrating   to   “learn   by   doing”. By improving the 
documentation and help regarding 2D-drawings in TactonWorks less time would be spent on 
trial and error, especially for new users. 

5.2.8 Consequences of the Problems 
The results from the interviews and the self-studies concluded that the main difference 
between configuring a 3D-model and a 2D-drawing was that the 3D-model was driven by 
attributes and clearly stated constraints that defined the problem, e.g. told the software what 
the boundaries were while for 2D-drawings the user had to solve the problem. It was 
necessary to define the solution, e.g. state the exact position for everything on the drawing for 
every different scenario. This works well in smaller models where you know, or easily can 
calculate, the positions and scale of objects. In larger models, with many different scenarios, it 
gets a lot trickier to predict the outcome. This can be seen as a more fundamental issue with 
configuring the 2D-drawings. The reason it is more difficult to create configuration models 
for 2D-drawings than for 3D-models is that, there is an infinite number of ways that a drawing 
can look, if the constraints are of a more general kind like in 3D-configuration. A drawing is 
not as rule-based as a 3D-model where the rules are more easily applied; instead it is much 
more subjective. 

The problems described above all lead to it taking a lot of time with much repetitive work to 
create a configurable 2D-drawing. Everything you wanted to control on the drawing had to be 
mapped and attributes had to be created for every single dimension that needed to be 
controlled. If you did not explicitly control where certain dimensions should be placed or 
which scale the views would have, problems could occur. Many people thought that drawings 
were the most boring part of the designing and since the user of TactonWorks was not only 
creating a single drawing, as is the case when people usually creates drawings, but multiple 
drawings for different scenarios the time consumption was multiplied.  

5.3 Concept generation 
The problems described earlier in the chapter cannot all be solved be adopting a certain 
method for creating the drawings, nor can they all be solved by improving the software. Since 
TactonWorks is dependent on SolidWorks there are some things that are not possible to 
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change. Some of the issues discussed earlier are connected to the way SolidWorks handles 
dimensions and interchangeable parts in drawings, and this is something that is not possible to 
fix with TactonWorks only.  

In this chapter different solutions to the problem areas found in chapter 5.2 Analysis of the 
Identified Problems are discussed. Solutions will be discussed regarding the following areas: 

 Automation features from SolidWorks 

 Scaling and positioning of views 

 Positioning of dimensions and other annotations 

 Organising of attributes 

 Controllable parameters 

 Mapping of SolidWorks objects to TactonWorks 

 Help and documentation regarding 2D-configuration 

 Robust references in multiple configurations 

5.3.1 Automation Features from SolidWorks 
The main problem with creating configurable 2D-drawings was, as stated earlier, that it took a 
lot of time and thinking to make it look good for all different configurations. To make sure 
that dimensions, balloons and other annotations did not overlap and stayed arranged in a way 
that looked good was according to the majority of users a real problem. During the theoretical 
study different automation features in SolidWorks were found. As described in 3.4.1 
Drawings in SolidWorks there are ways to automatically arrange dimensions on a drawing so 
they are placed in a way to avoid collision with each other and the views. There is also a way 
to automatically place balloons on the drawings and arrange them in certain ways around the 
view.  

To integrate this functionality directly into TactonWorks could reduce the time spent on 
positioning dimensions etc. on the drawing since this often is done for the purpose of avoiding 
collisions and increasing the readability of the drawing. There are also disadvantages to using 
these kinds of automatic functions. When leaving the positioning of dimensions to a computer 
you lose the last “human   touch”   (tacit knowledge) on the drawing. When SolidWorks 
positions the dimensions there is no way for it to know where a dimension should be placed 
for the drawing to look good, or be as clear and unambiguous as possible. This is something 
that only a person with experience from creating drawings knows.  

During tests with the auto-arrangement of dimensions, it was discovered that there was a way 
to control where they would end up. Dimensions initially placed to the right of the middle of 
the view were always positioned to the right of the view when the function was activated, and 
so on for the left, top and bottom as well. By roughly controlling the initial positions of the 
dimensions it was possible to have some control of where they would end up while at the 
same time not having to go through multiple configuration states to make sure there were no 
collisions. Implementation of such a feature should work by letting the user mark certain 
dimensions to be arranged automatically, in TactonWorks.  

In SolidWorks the function called Auto Balloons could be of great help for the users of 
TactonWorks.  If this was implemented they would not need to manually create and position 
balloons on the drawing for different configuration since this would be automatically handled 
by SolidWorks. 
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Below follows a table of advantages  and disadvantages  with using the automatic functions in 
SolidWorks for positioning dimensions and balloons, see Table 3. 

Table 3. Evaluation of the concept Auto arrange dimensions and Auto Balloons in SolidWorks. 

Auto arrange dimensions and Auto Balloons in SolidWorks 

Positive Negative 

Fast and easy Lacks  “tacit  knowledge”   

No collisions between objects on the 

drawing (and with the views)  
 

 

5.3.2 Scaling of Views  
Scaling and positioning of views have a relation to each other in the way that it would be 
possible to position a view and set the size of the view at the same time. Positioning the views 
was not a big problem, according to most of the interviewees. Scaling of the views was the 
bigger problem. Depending on how this problem was supposed to be solved, it also affected 
the positioning of the views to some extent.  

As was commented by an interviewee, one of the fundamental issues with how TactonWorks 
handled 2D-configuration was that the user had to know exactly where objects should be 
positioned and how they should be scaled.  In the following, we present four different 
methods for scaling and positioning of views. 

First the way views are positioned and scaled in TactonWorks 4.4.3 is evaluated, see Table 4. 
Table 4. Evaluation of the concept Positioning views in reference to the origin and manual scaling. 

Positioning views in reference to the sheet origin with manual scaling 

Positive Negative 

Fast way to set the position of all the views 
Manual calculations or tables needed for 

scaling 

Explicit control of the scale and position Tedious to control scale  

 
Can be difficult to make sure that views do 

not overlap each other 

 
Fixed positions on the sheet makes it harder 

to handle new views. 

 

The first concept, which came up during discussions with the product management team, to 
make it easier to work with scales would be to define the maximum size of the bounding box, 
see Table 5.  The bounding box is a box that surrounds the view on the drawing by placing 
itself with a small distance from the outermost edges of the part or assembly, see Figure 36.  
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Figure 36. Bounding box surrounding a view in SolidWorks. 

This means that it changes its size only if the outer edges of the part view do so. This could be 
done for each view and letting TactonWorks decide which scale to choose for all views so 
that no view exceeds its maximum size. It would also be included for the user to choose 
which kind of scales would be used, for example standard scales. In this concept, the 
positioning of the views is done in reference to the sheet origin in the lower left corner. 

Table 5. Evaluation of the concept Positioning views in reference to the origin  
and setting a maximum size. 

Positioning views in reference to the sheet origin and setting a maximum size 

Positive Negative 

Handles size changes in both x- and y- 

direction 

Can be difficult to determine how much 

space there is between views 

Fast way to set the position of all the views 
Fixed positions on the sheet makes it harder 

to handle new views. 

No configuration for scaling needed  

Easy to set a maximum size for  all views  

Can choose how to scale the views  

 

The second concept works by including more reference points on the drawing views and the 
sheet, see Table 6. By having the ability to change references when positioning the views, and 
being  able   to  choose   the  views’  edges   instead  of   the  sheet  origin   the  user  would  have  more  
control over the layout of the drawing. The user would then be able to set distances, minimum 
and maximum, between view edges and sheet edges to avoid them from growing outside the 
sheet when the scale changes. If the user also could create relationships between the views 
simply by choosing the view edges and setting a distance it would also prevent views from 
overlapping. The problem with being able to do this is that it would be easy to over define a 
drawing and create unsolvable relationships. There would then be a need for the program to 
warn the user when a drawing is over defined.  
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Table 6. Evaluation of the concept Positioning views in reference to each other (edge to edge). 

Positioning views in reference to each other (edge to edge) 

Positive Negative 

Easy to make sure that views do not overlap  
Can be difficult to handle new views if there 

are many relationships to existing ones 

Easy to position views Easy to over define the drawing 

Handles size changes in both x- and y-

direction 
 

Fast way to set the position of all the views  

No configuration for scaling needed  

Can choose how to scale the views  

 

The third and final concept is based on the idea that the user wants to minimize empty space 
on the sheet around the views and to have this done automatically, see Table 7. This would 
work  in  the  way  that  the  user  sets  a  minimum  distance  between  all  the  views’  edges  and  the  
sheet’s  edges  in  both  horizontal  and  vertical  direction.  TactonWorks  should  then  calculate  a 
proper scale and position for the views and minimize the empty space.  

Table 7. Evaluation of the concept Automatic positioning and scaling of views. 

Automatic positioning and scaling of views 

Positive Negative 

Easy to make sure that views do not overlap  
Can be difficult   to   position   “non-standard”  
views that are not aligned 

Fast and easy for the user 
No manual control over where the views are 

positioned 

Automatic scaling.  

 

Another solution that we believe would be helpful for the concept that involve setting 
distances between view edges is to have a bounding box that surrounds not only the view, but 
also its dimensions. With distances set between such bounding boxes there would be no 
problems with dimensions overlapping other views, or dimensions from other views. 
Unfortunately, there is no easy way to implement this solution today. Since the majority of the 
users did not have any big issues with positioning the views, it could be wise not to change it 
too much and risk introducing problems to an area that actually works. What could be done 
about the positioning is to make it possible to collect the views’ positions with TactonWorks 
when mapping the view, to avoid having to do that manually. 

The different solutions for positioning and scaling views all have their advantages  and 
disadvantages , but the solution with the most advantages  seems to be the automatic 
positioning and scaling. The biggest problem with this solution is that the user has no real 
control over where the views will be placed and how they will be scaled and it can be a big 
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problem. The layout of the drawing is something that determines the look of the drawing and 
it can be difficult to boil it down to a few rules that always apply. 

5.3.3 Positioning of Dimensions 
Since the positioning of dimensions was something that was commented on a lot during the 
interviews this was something that clearly needed a better solution. The positioning of 
dimensions also affects the appearance of the drawing when the configuration changes. By 
solving the problem with dimensions a lot of related issues can be solved, or improved, since 
the dimension are such a big part of a drawing.  

In the following, we present three different approaches to positioning of dimensions.  First the 
way dimensions are positioned in TactonWorks 4.4.3 is evaluated in Table 8 below. 

Table 8. Evaluation of the concept Positioning dimensions from the origin. 

Positioning dimensions from the sheet origin 

Positive Negative 

Complete control of the position Do not follow the view in any way 

Easy to compare positions,  which makes it 

easier to avoid collisions 

Hard to control that dimensions do not 

collide with each other in different 

configurations 

Robust reference Not a logical way of positioning dimensions  

 No references to other dimensions 

 
Hard to follow ISO-standard (10 mm from 

part edge) 

 
Difficult to dimension models that change 

angle or size 

 

The first concept works by positioning the dimensions at a specified distance from the 
bounding box of the view, see Table 9.   

Table 9. Evaluations of the concept Positioning dimensions from the view's bounding box. 

Positioning  dimensions  in  reference  to  the  view’s  bounding  box 

Positive Negative 

Similar to the way one thinks when creating 

the drawing 

Hard to control that dimensions do not 

collide with each other in different 

configurations 

Dimensions follow the view when it changes 

in size or position 
No references to other dimensions 

Robust reference 
Hard to follow ISO-standard (12 mm from 

part edge) 

 
Difficult to dimension edges that do not 

affect the bounding box 
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The second concept works by positioning the dimensions at a specified distance from actual 
edges of the part in the view, see Table 10. 

Table 10. Evaluations of the concept Positioning dimensions from the part's edges. 

Positioning  dimensions  from  the  part’s  edges 

Positive Negative 

The way one thinks when creating the 

drawing 

Hard to control that dimensions do not 

collide with each other in different 

configurations 

Dimensions follow the part No references to other dimensions 

Can dimension models that can be tilted Not a robust reference 

Easy follow ISO-standard (12 mm from part 

edge) 
 

 

Since the parts change with the configurations, these are not robust references, something 
which is necessary when working with design automation. 

The third and final concept works by letting SolidWorks, or TactonWorks, automatically 
position the dimensions, see Table 11. 

Table 11. Evaluations of the concept Automatic positioning of dimensions. 

Automatic positioning of dimensions 

Positive Negative 

Fast and easy 
No control of the positioning results in a lack 

of tacit knowledge from the user 

Dimensions are automatically aligned and 

arranged  
 

 

All the methods described above have advantages and disadvantages even though it seems as 
it would be better to position the dimensions directly from the edges of the part, as it has the 
most advantages, or to use automatic positioning since it has the fewest disadvantages. The 
disadvantage with automatic positioning is the lack in the important area which is user 
control. If the user cannot decide and control where to position dimensions there is a risk that 
the drawing does not comply with the company standards, which was shown to be important 
during the interviews. 

All but the last concept suffer from the problem with the dimensions not having a relationship 
to each other which means the user has to consider their positions to avoid collisions, and 
make sure that they are spaced from smallest to largest with an equal distance and aligned 
where proper. This is not that hard to achieve if the dimensions that are shown always are the 
same; it is when they change between configurations that the problems appear.  

Since all solutions have their specific advantages  and disadvantages , a solution would be to 
include them all in TactonWorks and let the user choose which is the best for them. Different 
dimensions can need to be positioned with different methods, even on the same drawing. This 
could however be confusing for the user, since it would result in many different options. 
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5.3.4 Organising of Attributes 
There was also a problem to get an overview of the attributes that controlled the 2D-drawing. 
Some way to sort and organise them would make it easier for the user. Thus, two concepts 
regarding this issues were generated. The fundamental issue to solve here is to bring down the 
number of attributes the user is faced with in a single list to make it more easy to find what 
you are looking for. 

The first one works by imitating the way attributes are organised in 3D-configuration in 
TactonWorks. Here there usually is a component mapped to an assembly-model in 
SolidWorks with multiple sub-components for its different parts. This gives the user a natural 
separation of the attributes between parts. Making it possible to map the drawing as one 
component and its views as sub-components would make it easier for the user to handle all 
the attributes needed when working with 2D-configuration. 

The second one works by letting the user manually creating folder to organise the attributes. 
This gives the the user full control over how to organise the attributes, but it also puts some 
responsibility on the him/her to create a structure that is easy for others to understand. 

5.3.5 Additional Controllable Parameters 
As discussed earlier, the biggest problem with TactonWorks was not the lack of controllable 
parameters. Still, there is a need to add some. These should be made in the following areas: 

 Notes 
 Symbols  
 Bill-of-materials 
 Sheets 
 Broken views 

5.3.5.1 Notes 

It makes a lot of sense to have the content of a note configurable in the configurator since this 
makes it more accessible and easier to change. Many times it can be sufficient to create the 
note and have certain words linked to custom properties which then update certain words as 
the configuration changes. Sometimes, this is not enough, and then it is very useful control the 
whole content with the configurator. We believe that this would make the drawing both easier 
to create and to maintain. 

5.3.5.2 Symbols 

Control over additional symbols on the drawing was requested during the interviews and we 
believe the following symbols should be controllable with TactonWorks:   

 Welding symbols 
 Surface roughness symbols 

Since some of the interviewees were frequent users of the weldment features in SolidWorks, 
being able to control the symbols shown on the drawing would be useful. Controlling the 
surface roughness symbols would also be a great addition since this was used by many of the 
interviewees, and they had problems controlling their positions and their values. Being able to 
control its value with the configurator would be useful since it can be dependent on which 
configuration is chosen, just like with the tolerances on dimensions. 



58 

5.3.5.3 Bill-of-materials 

Adding ways to control the BOM with TactonWorks would be appreciated by many users. 
We believe it should be possible to control the order in the BOM, and for example always 
place a certain part on a specified row. This kind of control of the BOM with the configurator 
was something that was mentioned by many users. More control of the positioning of the 
BOM would also make it easier to avoid the BOM from overlapping with the title block, 
which was a problem that we encountered while evaluating the software. 

5.3.5.4 Sheets 

During some interviews the request to be able to control the state of sheets came up. This 
would be helpful when extra sheets are created in the drawing for certain configurations. If 
these show up and get exported when they are not needed it can create unnecessary confusion 
for the customer. The ability to control the state of sheets would eliminate this problem. To 
control the size of the sheet would also be helpful in some situations where models change 
size so much that it makes more sense to switch to a different sized sheet, than it does to scale 
it. 

5.3.5.5 Broken views 

We believe that additional control over broken views should be added to TactonWorks. The 
user should be able to control the state of the broken view, i.e. turn it on or off, with the 
configurator since the broken view might only be needed when the 3D-model reaches a 
certain size. Controlling the position of the break lines in the broken view should also be 
possible since this would make it easier for the user to create a configurable drawing where 
the  break  lines’  position  changes  depending  on  the  model. 

5.3.6 Mapping of SolidWorks Parameters 
A lot of the users stated that they did not have any particular problems with the mapping of 
objects on the 2D-drawing, but when the different problems were analysed it showed that 
there were problems that could be connected to this, like the repetitive work. During the self-
studies there were also some problems with knowing which objects that could be mapped to 
what. By improving the mapping system less time would be spent on trial and error, 
especially for new users. 

To make it easier and faster for users to know what can be mapped, and to what functions, it 
would make sense to only show possible mappings for the selected object. This would work 
by letting the user first select what object to map, and then showing what can be done with it, 
see Figure 37 for an illustration. In TactonWorks 4.4.3 it worked the other way around. By 
changing the mapping system to only showing valid mapping options for the selected object, 
the need for external documentation and help is reduced since some of this information can be 
conveyed directly in the program. 
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Figure 37. Illustration of a new concept of how attributes could be mapped with Edit Update 
Mappings. 

Another suggestion for how the mapping system could be improved is to enable automatic 
mapping of objects. Many of the users found the work with drawings repetitive, which can be 
seen in the CJM with all the loops. Reducing the number of steps it takes to map and control 
the needed objects would greatly reduce the time consumption. The positioning of dimensions 
was usually the most time consuming part of mapping since there were so many of them, and 
they all needed their position stated in TactonWorks. One possible way to do this would be to 
automatically collect all dimensions and objects on the drawing and lock them at their current 
position; if this position was relative to the closest view edge it would be even better. In 
DriveWorks, the mapping of objects worked similar to this, but it was necessary to manually 
choose which side of the view the object should be relative to, as described in section 3.7 
DriveWorks. By eliminating the need to manually enter the position coordinates for every 
single object, less time will be spent on having to reposition them.  When repositioning is 
necessary it would be easier if this could be done by simply repositioning the object on the 
drawing and then updating its position in TactonWorks, like it is done in DriveWorks.  

To avoid modifying the position of objects that do not need updating it could be useful to 
mark certain objects as fixed, or something similar, which would make them ignore changes 
made in the drawing. We believe, these suggestions would make the work of creating a 
configurable 2D-drawing faster. 

5.3.7 Help and Documentation regarding 2D-drawings 
The lack of documentation was an issue for many users. Most users felt the need for more 
help regarding the more advanced operations. Tutorials for creating configurable drawings, 
with tips and tricks, would be appreciated. Since there are so many ways to create drawings, 
the focus should be to give tips and inspire the users to find their own solutions. Most of the 
users who work with TactonWorks creating configurable 2D-drawings are spread out in 
different companies and countries, and thus a user forum would be very useful. Here the users 
could ask questions or search for previous answers to their problems. SolidWorks has a great 
forum where this is possible and it could be an idea to mimic this for TactonWorks (both 3D-
modelling and 2D-drawings). One problem with this could be that there are not nearly as 
many users of TactonWorks as there are of SolidWorks and this could result in a quiet forum.  

A knowledge database with known problems and difficulties (not only bugs) and their 
solutions would also be an improvement. This would make it easy and fast for the users to see 
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if there is a known solution or workaround for problems they are encountering. By quickly 
being able to see this, less time would be spent on trial and error. 

An idea for how a help-function could be implemented inside the program could be small 
explanatory texts that appear when hovering the cursor over an object. 

5.3.8 Robust References in Multiple Configurations 
During both the self-studies and the interviews one of the problems that came up was the 
problem of dimensions losing their references when the configurations changed. The most 
straight-forward way to avoid this was to simply dimension the drawing in all the different 
configurations and map and control them all with TactonWorks. With models that had a lot of 
different combinations that affected certain dimension this could take quite some time, as 
described in 4.2.2 Problems Identified by the Users. 

During the investigation, it was discovered that there is a way to name both faces and edges 
(called named entities) in the parts. When a part in an assembly is replaced SolidWorks looks 
for faces or edges in the new part which can recreate the mate. If the faces and edges are 
named the same in the different parts, SolidWorks can replace the mate successfully.  

To take advantage of this for creating robust dimensions in assembly drawings, edges and 
faces were given names in the different part-files and dimensions were then placed between 
them in the 2D-drawing. Unfortunately the references in the drawings were not as advanced 
as the mates in the assembly and the dimensions still lost their references. Dimensions that 
referenced to the standard planes or origin points in the different parts were robust and kept 
the dimensions intact when switching between configurations.  

User-created planes and sketches in the parts were not robust references in the 2D-drawings 
and referring to those caused dangling dimensions. Different ways to manipulate the 2D-
drawing were tested to make it more robust, but unfortunately it seemed impossible to get past 
the problem only by working in the drawing.  

During one of the interviews it turned out that one way to avoid the problem to some extent 
was to dimension sketches that were created and driven in the 3D-model, and this was then 
investigated further. During those investigations three different ways of avoiding the problem 
with dimensions losing their references were found. 

5.3.8.1 Create Planes and Sketches in the Assembly 

This way to avoid dangling dimensions was taken directly from one of the interviewees. The 
idea is to use planes that are created in the assembly model. The positions of those planes are 
driven by TactonWorks where calculations are made based on different parameters. Many 
times these planes are already created to make the 3D-configuration more robust, but in some 
cases new ones have to be created. To get the leader lines to point at the correct parts, simple 
sketches are also created in the 3D-model and it is these sketches that are dimensioned in the 
2D-drawing. The sketches are created by adding relationships between the end of the sketch 
line and the planes which makes the line change size based on where the planes are. The 
downside of using this method is that you have to define how the planes are supposed to move 
with equations in TactonWorks. Sometimes it can require a lot of thinking to calculate where 
to place the planes. See Figure 38 for an illustration of created planes and a sketch-line. 
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Figure 38. Planes created on each edge of the model with a sketch line between. 

5.3.8.2 Using the same Part File as the Fundament for Exchangeable Parts 

Another method is to still use planes and to let them have the same ID-number (Identification 
Number) as the   replacing   part’s   planes   has,   so   that  mates   still   find   the   right   reference.   To  
achieve this, the method has to be applied right from the beginning of the creation of the 3D-
model. The idea is to create several planes, try to figure out how many is needed, in all 
necessary directions. By duplicating the part-file the planes will all have the same ID, and this 
leads to the mates and other references made to the planes being recognized when parts are 
replaced. The 3D-model is then built based on these and used as end edge-planes where other 
parts are going to be mated.  

For example, if two blocks are mated to each other and the right block needs to be replaced 
for another block, then the left edge-plane   should   “be   the   same”,   i.e.   have   the   same   ID-
number, as that of the replacing block. When used as a reference in a drawing, a sketch is 
drawn between the planes, just as in the previously described method. Dimensions attached to 
these planes in the drawing do not lose their reference when parts are replaced, since they 
have the same ID-number. However, it might be necessary to attach the dimension to a sketch 
so that its leader lines always end up at the right place. The downside is that it would take 
some time to create all the planes, though it is only needed to be done once and then used as a 
template. It might also be tricky to keep track of all the planes in the model, so naming them 
in a good manner would be necessary. 

5.3.8.3 Create Surfaces that are used in the Assembly 

The idea with this method was that it should function like the previously described concepts, 
but with the benefit of not having to calculate where the planes should be placed. To achieve 
this, the idea was to mate the planes to named faces of the part so when the part changed and a 
new one was inserted into the assembly it would automatically reattach itself. Unfortunately 
this was not possible in SolidWorks since the plane would not reattach itself to a part, since a 
plane is not considered as a part, and instead SolidWorks stated that the face was missing. To 
get around this problem, a single surface was created in a separate part and inserted into the 
assembly, see Figure 39. This was done since it was previously known that the mates would 
reattach themselves between parts (if the faces or edges involved in the mate were named the 
same). Just like in the method described above, sketches that were attached to the surfaces 
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were created and then dimensioned in the 2D-drawing to get the leader lines to point at the 
correct   parts.   The   downside   of   this  method   is   that   you   have   to   create   “dummy”   parts   (the  
surfaces)  that  are  inserted  into  the  assembly,  and  this  is  not  the  “cleanest”  solution.   

 

Figure 39. Surfaces mated to planes on each edge of the model. 

5.3.8.4 Name Edges in the Parts and Create Sketches 

The final method of creating robust references that can be used in the 2D-drawings was, 
again, to name edges in the parts and use sketches in the 3D-model, see Figure 40. This is 
done by creating sketches in the assembly model which are attached to the named edges of the 
parts.  When  the  part  is  replaced  the  sketch’s  end  points automatically search for an edge in the 
new part with the same name as the one it was attached to previously. By using this method, 
there is no need to insert extra planes or surfaces into the assembly. The downside of using 
this method is that there is no way to dimension between the surfaces of parts (unless they 
coincide with the edges) which sometimes can be useful. Another downside with his method 
is that it only works with models where the dimension refers to models which are replaced 
with other components since SolidWorks automatically tries to recreate the mates in the 
previous model. If the sketch has to reattach to another edge which is already in the assembly 
this does not work.     

 

Figure 40. Naming an edge on a part under Edge Properties. 
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6 FINAL RESULTS 
During the project, continuous discussions with the product management team of 
TactonWorks have been held about the work, and what results it has given. Almost immediate 
after the interviews were conducted an alpha version of TactonWorks was starting to be 
developed. This version, TactonWorks 4.4.4, focused on improving configuration of 2D-
drawings. The improvements were based on what people had reported as enhancements in 
JIRA (customers, partners and employees), what the developers had thought about and what 
this project brought to light. At the end of this project the alpha version development was 
done and a beta-version was created. This meant that all the new features were implemented 
and at the beta phase only minor improvements were implemented and bug tested. 

6.1 TactonWorks 4.4.4 (beta)  
The major difference in version 4.4.4 was the way the mapping worked. Instead of having to 
create attributes and map every single property to those, the user now does this at the same 
place as where the 2D-drawing is mapped, under Edit Update Mappings. 

When entering Edit Update Mappings there is now several tabs for each type of parameter. 
The tabs are Document, Sheets, Views, Annotations, Dimensions, Notes, Properties, Layers, 
Blocks and Macros, see Figure 41 below. 

 

Figure 41. Edit Update Mappings for the drawing file in TactonWorks 4.4.4 Beta-version. 

Under the Document tab the drawing file is browsed, which is the only part that is similar to 
the old mapping tool.  

Under Sheets, all the sheets are mapped and the sheet scale of each sheet could be defined by 
an attribute. 

Under Views, the user selects each view that should be driven by the configurator and can 
then set its position in reference to any of the sheet boundary edges, left or right for x- 
position and top or bottom for y-position. This is set either as a fixed value or a percentage of 
the sheets size. When mapped, the actual value of its position is collected in reference to the 
nearest sheet edge. If a view is selected in the mapping box it is also highlighted on the sheet, 
to indicate which one is selected. If a reference is changed, the value is recalculated so that it 
has the right distance to the new reference. There is also a new feature called Capture all that 
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automatically maps all the views on the sheet. Here the user can also set a maximum size for 
the  view’s  bounding  box  so  it  will  have  a  maximum  width  and/or  height.  Next  to  this  is  the  
option to scale the view within the boundaries and it can be done by selecting standard scales, 
rounded or an integer. If no scaling is necessary this is set to be maximized, which makes the 
view as big as possible inside its boundaries. The scaling can also be done by driving it with 
an attribute, just as before. Another new feature is the buttons at the bottom of the Position 
and Maximum Size sections.  The  right  button  is  called  “Set values in drawing”  which  pushes  
the new defined values from the mapping tool to the drawing, without having to save and 
start, or restart, TactonWorks Engineer. The left  button  “Get values from drawing”  works  the  
other way around, as it collects the actual values from the drawing. Under this tab it is also 
possible to drive the visibility state and referenced configuration. See Figure 42 below. 

 

Figure 42. View tab under Edit Update Mapping in TactonWorks 4.4.4 Beta-version. 

The next tab is Annotations. In this tab, all the dimensions and other annotations are mapped 
in the same way as the views. It is also possible to automatically map all dimensions with 
Capture all, just as you can do with the views. Annotations can be positioned in reference to 
all of the edges on the bounding box of the view, from the middle of the view or the origin of 
the sheet.  
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This  can  be  set  as  a  value  or  a  percentage  of  the  view’s  size.  The  dimension  are,  as  standard,  
in reference to the nearest edge, e.g. if the dimension is placed on the left side of the view it 
collects the distance value that it is positioned from the left edge of the bounding box. If the 
reference point is changed, the distance to the new reference is recalculated, just like with the 
views. Annotations also have the feature to Set and Get values on the sheet. See Figure 43 
below.  

 

Figure 43. Annotations tab under Edit Update Mapping in TactonWorks 4.4.4 Beta-version. 

The Dimensions tab controls values on dimensions that are placed as sketch dimensions on 
the sheet. The user could change the value, override it and drive tolerances here. 

A new feature is the Notes tab where text strings can be driven. A note is mapped and the 
content could then be driven by an attribute which is controlled by a function or a table. 

The Properties tab controls Custom Properties in terms of value. 

The Layers tab controls layers in terms of visibility. 

The Blocks tab controls blocks, also in terms of visibility. 

Last is the Macro tab where the user can browse for macros and trigger them by attributes. 

6.2 Remaining Problems 
The major problems that were identified with TactonWorks from the empirical study were (as 
described in 5.2 Analysis of the Identified Problems): 

 Scaling of views 
 Positioning of annotations and other objects 
 Dimensions losing their references 
 Testing and quality control of the drawings 
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 Missing controllable parameters in TactonWorks 
 The lack of overview  
 The lack of documentation 

The new version of TactonWorks solves a majority of the problems concerning the scaling of 
views and the positioning of dimensions. The scaling, which can now be done by setting a 
boundary for how big the views are allowed to get and which scales are allowed will make the 
scaling process faster for most of the users. Instead of having to decide how the view should 
be scaled and setting up tables for which scales to be used, it is now only necessary to decide 
how big the main view should be and which kind of scaling is desired. It does not solve the 
problem with overlapping views, but this was never a big problem for the majority of the 
users. 

The new way in which dimensions are positioned and controlled will also be a time saver and 
make the drawings look better. By making the dimensions relative to the view, the need for 
testing and quality control decreases, but it does not go away completely. The ability to Get 
and Set the positions of the views and dimensions will speed up the creation process for 
configurable 2D-drawings and decrease the time it takes to test different positions. As could 
be seen in the CMJ (see 5.1.1 Customer Journey Map) this was a negative touch point that is 
now almost completely gone. To further assure that dimensions end up where planned, it 
could be helpful to mark dimensions to be centred. This is usually done in SolidWorks, but if 
the dimension changes position greatly the centring will not work. 

One feature that was discussed, after it was suggested by us, was the ability to mark certain 
dimensions to be positioned automatically by SolidWorks with its functions for auto arrange 
and aligning (see 3.4.1 Drawings in SolidWorks). Unfortunately, this did not make it into 
TactonWorks 4.4.4 because a lack of time, but the idea was very well received by the product 
management team and is under consideration for implementation in a later version. 

The problem with dimensions losing their references, i.e. not attaching themselves to replaced 
parts, is not something that can be fixed with TactonWorks since it is an issue of how 
SolidWorks handles dimensions in drawings. However, there are ways to avoid it to some 
extent using some tricks in SolidWorks which are described in 5.3.8 Robust References in 
Multiple Configurations. 

The new way of mapping attributes and getting and setting the positions of dimensions on the 
drawing makes testing the different positions easier. It also reduces the amount of attributes 
needed to control a 2D-drawing which makes it easier to get an overview.  

There are still a few remaining problems that were not solved with the TactonWorks 4.4.4 and 
those are: 

 The long list of attributes is now gone, but instead there is a long list in the mapping 
window with the dimensions etc.  It would be better if they were divided by views or 
if there was a way to name them and sort them.  

 It is still hard to know what can be mapped and to what. 
 You cannot control the suppression state of a sheet or control its size.  
 Placing dimensions from the bounding box solves a lot of problem, but not all. It is 

still difficult to control dimensions on angled edges or parts that can rotate, since the 
bounding box does not follow the part well in such configurations. 



67 

 You still needed to use workarounds to control section-lines, detail circles and broken 
views. This cannot be fixed with TactonWorks because it is a matter of how 
SolidWorks handles those objects.  

 There is still no way to control a BOM or a weldment cut list with the configurator. 
 Balloon order and collision control is still a problem. By making it possible for the 

user to use the Auto Balloon feature via TactonWorks (and controlling its features) this 
could be partially solved. 

 Drive the position of blocks. This is a problem within SolidWorks since there is no 
good way to find the position of blocks via the API. 

 You still cannot control all of the symbols and their values via TactonWorks, like the 
surface roughness symbol or the weld symbol. 

 There is still lack of help documentation. 
 In TactonWorks 4.4.4 it is possible to Get and Set the position values for single objects 

on the drawing. However, this cannot be done for multiple objects at the same time 
which would be a useful feature. 

 In TactonWorks 4.4.4 the user can capture every mappable object on the drawing at 
once. However, it is not possible to manually select several objects to map which 
would be a nice feature. 

Overall, TactonWorks 4.4.4 solves the biggest issues the users had with configuring 2D-
drawings, which was the positioning and control of dimensions. With the new way of pushing 
(Set values in drawing) and pulling (Get values from drawing) the position of dimensions and 
views on to the drawing, a lot of time can be saved. The new way of scaling views is also a 
great time saver that will be sufficient in most cases.  

6.3 Guidelines for Robust Configurable 2D-Drawings 
The guidelines presented below are created with TactonWorks 4.4.4 in mind, and they are 
generated using the results and analysis from the empirical studies. 

6.3.1  Workflow when Creating a 2D-Drawing 
Start with the fundamental objects on the drawing and get these to work as intended. In most 
cases this means to place all the views and to establish a maximum size for each view’s  
bounding box and choose how it should be scaled, see Figure 44. This is normally only done 
for the main view as the aligned views follow the main views size. Before moving on, this 
should be tested for the extreme values of the size, i.e. minimum and maximum (this should 
be done in all directions so that the views are scaled correctly). All views should have a 
defined position in TactonWorks. The main view should be positioned in both x- and y- 
direction and secondary views, which are aligned to it, should be positioned in either one of 
the directions. Do not over define the views. 
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Figure 44. Positioning of views in SolidWorks and TactonWorks. 

When the fundament of the drawings is done it is time to move on with additional views, such 
as sections views and detail views, see Figure 45. Some of these must have their own x- and 
y-position and maximum size and scale, if they are not aligned or connected to the main view. 
This should be tested with extreme values when finished. 

 

Figure 45. Positioning of detail views in SolidWorks and TactonWorks. 

Now that all the views are placed, positioned, scaled and tested, the dimensions and other 
annotations should be placed, positioned and tested, see Figure 46. It is often more important 
that all the information is present on the drawing than that it looks good. Annotations on the 
drawing depend very much on how the configuration changes in terms of parts being 
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replaced, suppressed and unsuppressed, so this is something that also needs to be tested in 
addition to size changes.  

 

Figure 46. Positioning annotations in SolidWorks and TactonWorks. 

If annotations tend to lose their reference when parts are replaced it is necessary to think 
about how the drawing could be made more robust. It might be necessary to consider using 
sketches and planes in the 3D-model and use as reference. These types of guidelines will be 
explained in the next section. 

6.3.2 Changes in the 3D-Model 
 A way to make a 2D-drawing more robust is to create planes and sketches, which will 

always be present in the 3D-model and the 2D-drawing. These should then be 
dimensioned instead of the parts that can be suppressed and replaced. These are 
created in the 3D-model and are mated to the parts. When using planes and sketches it 
might be necessary to create rules to drive the position of the planes, when parts are 
being replaced or suppressed/unsuppressed. See 5.3.8.1 Create Planes and Sketches in 
the Assembly for this method. 
 

 Another way is to use named edges instead of planes. By doing this the user avoids 
having to create complex rules for driving the positioning of planes. The downside 
with this method is that it does not work when parts are being suppressed, but is a 
better and easier alternative when parts are being replaced. See 5.3.8.4 Name Edges in 
the Parts and Create Sketches for this method. 
 

 Try to use dimension sketches instead of the actual part when it is hard to control the 
position of a dimension in other ways, for example when some parts in the assembly 
can rotate and change angle. Dimensions that are placed on the sketch tend to follow 
the part in a more natural manner. When doing this, it is also necessary to dimension a 
straight single line, instead of dimension the distance from one edge-line to another 
edge-line. This way will however result in dimensions not being hidden when the parts 
are suppressed and therefore the dimensions need to be driven in terms of visibility. 
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Since this method can be pretty time consuming it is best to use only when absolutely 
necessary. See 4.2.1.2 Work to Make the Drawing Robust for this method. 
 

 When creating holes in parts, use the SolidWorks function Hole Wizard and then use 
Hole callout for placing the dimension of the holes on the drawing. This will collect 
all data about the hole and automatically present it on the drawing. Thereby, the 
number of holes and the hole sizes will be automatically updated in different 
configurations. See 3.4.1 Drawings in SolidWorks and Figure 18. 
 

 Avoid using configurations in SolidWorks on parts that are used for 2D-drawings if 
possible. When configurations are used for parts, this means that the user have to 
create drawings for each configuration. Thus, it is better to drive these parts in 
TactonWorks  as  this  will  not  result  in  having  to  dimension  “the  same  drawing”  several  
times. 

6.3.3 Changes in the 2D-Drawing and the Configurator 
 When the scale on a sheet or view changes, it can lead to dimensions losing their 

position. Therefore, make sure to provide a robust position for every annotation on the 
2D-drawing via the configurator except for the dimensions that are placed from a 
sketch for a part. When positioning in reference to the bounding box, it is important to 
understand how the bounding box can be affected by parts being 
suppressed/unsuppressed and changing in size. Sometimes it might be best to place 
dimension in reference to the middle of the bounding box if other parts affect the 
bounding  box’s   size  greatly.  Below is an example where the diameter dimension of 
the button on the pencil is positioned from the middle of the view with TactonWorks. 
This will however result in that the dimensions gets overlapped by the view if the 
length of the pencil increases, as seen to the left of Figure 47. In this case, a better 
reference point would be to position the diameter dimensions to the bounding  box’s  
right edge. 

 

Figure 47. Illustration on placement of dimension in reference to middle of the view. 

 Make sure to check the setting Hide dangling dimension in the Document Properties 
of the SolidWorks file to automatically hide dimensions in the 2D-drawing that are 
missing their references. The most common case where dimensions lose their 
reference is when a part is suppressed, and therefore the dimension should not be 
visible. 
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 The section view line, detail view circle and similar entities are also affected if the 
view changes in size, scale and position. A sketch would for example be a good 
reference point for these. It is also necessary to drive them in size. This is done by 
right-clicking on the line or circle and selecting Edit Sketch, see Figure 48 for an 
illustration of the dimensioning of a detail view circle. For a section view line, 
dimensions should be placed between each of its end-points and the closest edge on 
the part/sketch to keep it in position. For detail view circles, a diameter dimension is 
necessary. These dimensions should then be driven in the configurator with a 
reference to, e.g. the total length, if this is the parameter that affect the size or scale 
change. The reference points of the section view line or detail view circle should be 
robust and not attached to a part that can get suppressed or replaced in any 
configuration where the detail view should be present. 

 

Figure 48. Setting a dimension on a detail view circle in SolidWorks. 

 Avoid the use of relationships between dimensions in the 2D-drawing, (align, group), 
as these may cause conflicts with how the configurator drives their positions, see 
Figure 49. 
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Figure 49. Grouping multiple dimensions on a drawing in SolidWorks. 

 Use Custom Properties to link variables of the model to show the actual value in notes 
Notes and the Title block. This makes drawing less static and keeps the Notes and Title 
block up to date. 

6.3.4 Overall Guidelines 
 Make sure to have clear demands on the 2D-drawing right from the start. Check for 

different examples of configuration states. Try to establish rules that can be imported 
to the configurator. 
 

 Do not start creating the 2D-drawing or the configuration model for the 2D-drawing 
until the 3D-model is completely finished and configured. Changes in the 3D-model 
can affect the 2D-drawings to such a great extent that everything needs to be 
dimensioned and mapped again and be reconfigured. 
 

 Try to keep the 2D-drawing as clean and simple as possible. The more details it 
contains the harder it is to automate, because of all the relations and collision control 
that need to be driven. 
 

 With a model that has a lot of parts and details, and also changes appearance greatly, it 
might be easier to divide the drawing into more sheets or drawing files. An example 
would be to separate dimensions and balloons into two different sheets, see Figure 50. 

 

Figure 50. Multiple sheets in a drawing file in SolidWorks.  
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7 DISCUSSION AND FUTURE WORK 
7.1 Discussion 
It is always difficult to satisfy all users since they often have different demands and use the 
product in different ways. Which project they currently are working on also affects their 
thoughts about the product, and this became clear during the interviews. It is therefore 
important to try to find some common ground between the users and focus on working on 
things that affect the most people. There are simply not enough resources to fix all the 
problems at once, and what one person sees as an issue might not concern another person. An 
example of this is that the list of missing controllable parameters in TactonWorks varied quite 
a bit between interviewees.  

One major problem that affected almost all users of TactonWorks was the positioning and 
control of dimensions. With the new and improved version of TactonWorks almost all users 
will be affected in a positive way. The same goes for the scaling of views which was 
something that almost all of the interviewees struggled with before. Some of the major issues 
still remain though, and one of those is that there still is no kind of collision control for 
dimensions and balloons. The inclusion of such features would be great additions to 
TactonWorks since they would add the possibility to let SolidWorks handle positioning for 
the users who do not have strict requirements for their drawings. It would instead offer the 
ability to quickly create drawings in which the user can be certain that no dimensions collide 
with each other. There is a fine distinction between leaving all the positioning to the computer 
and to let it do some automatic positioning. By only relying on automatic positioning, the user 
will have no control over where dimensions are placed, more than the fact that they will not 
collide with each other. By  deciding  the  dimensions’  initial  positions on the drawing and then 
letting SolidWorks arrange them, the user will get some control over where they will end up 
but  still  be  certain  that  they  do  not  overlap  with  each  other.  When  deciding  the  dimensions’  
initial positions, the user harnesses his/hers tacit knowledge. SolidWorks then handles the 
spatial knowledge (which is machine explicit) it takes to make sure that no overlaps occur. 

What was interesting with the results from the interviews was that almost nobody created the 
3D-model or the 2D-drawing in any particular way to make it easier to automate. The ones 
who did think about this only made minor adjustments in the 3D-model and the 2D-drawing. 
The literature studies around creating robust 2D-drawings resulted in nothing at all, and we 
believe that there is not much that the user can do since the drawing is based on the 3D-
model.  

One of the main reasons it is fundamentally more difficult to configure 2D-drawings than 3D-
models is because of how subjective they are. There is no exact right or wrong way of 
creating a 2D-drawing, even though there are some rules. Very much is based on experience 
and feeling. Setting up rules for a 3D-model is much easier since it can only be right or 
wrong, and this is easy for a computer to handle.    

It would have been interesting to test more configuration software for 2D-drawings and talk to 
users of more than just TactonWorks. This could have given more insight to general problems 
that were not connected to TactonWorks. It would also have been interesting to interview the 
persons responsible for drawings (and not the implementation of TactonWorks) at the 
companies that hired Tacton. This would have given a deeper insight to the reasons for the 
automation of drawings and therefore what was important in them. Now this information 
came through the employees at Tacton (or their partners) which might have distorted it a bit. 
To get first-hand information about why the customers’ drawings had to look a certain way, 
and have a discussion about that, could have been helpful. To observe modellers while they 
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were creating configurable 2D-drawings would also have been useful, to find hidden 
problems with the software. This was however not possible to do since it would have taken 
too much time during the project. 

An important question to discuss regarding all kind of automation is whether or not it is worth 
it, and the same goes for automated drawings. Some kind of cost-benefit analysis is necessary 
before deciding if it is worth automating the drawings. This will become less of an issue the 
more TactonWorks is improved and the easier it is for the users to create configurable 2D-
drawings. At the moment, the more details a drawing has the more difficult it is to control it 
since there can be so many different scenarios which affect each other.  

7.2 Future Work 
We think that the next step for Tacton now would be to investigate what the users think of the 
new features of TactonWorks 4.4.4 and also to try to implement the guidelines in their work 
and see if they can be of any help. Though, it is also important to have complete and 
describing documentations regarding the new features so that the user can fully understand 
how they are used. 

There is still a need for learning material regarding how to configure 2D-drawings in 
TactonWorks. According to us, the best way to implement this would be to add drawing 
tutorials to the already existing 3D-model tutorials and also add more tutorials with different 
difficulty levels. More direct help inside TactonWorks could also be helpful for the users.  For 
example the concept with explanatory text that describes functions in TactonWorks. 

Regarding TactonWorks, the continued work should focus on further improving the 
dimension and balloon control by making it possible to avoid collisions. This could be 
achieved by implementing the SolidWorks functions for automatic positioning of dimensions 
and for auto balloons. We believe that this would remove even more of the problems that the 
users encounter in creating configurable 2D-drawings. Thus, making it easier to handle 
drawings with many details. 

The problem of having many attributes in one place is no longer an issue with the new 
mapping system in TactonWorks 4.4.4. However, another similar problem has emerged. This 
was that the list of annotations under the Annotations tab could become long and unorganised 
instead. It would therefore be helpful if the annotations were divided by view or something 
like that, since it would make it easier to maintain them.  

It would also be good to conduct interviews with as many users as possible with the sole 
purpose of finding out what parameters they would like to control and why. In this thesis, this 
was one of many questions and the result from it was hard to analyse. A new and more 
focused study about this would make it easier for the product management team to see which 
functions would make sense to integrate into TactonWorks. 

The continued work regarding improved 2D-configuration in general would include further 
investigating fully automated drawings, and the advantages  and disadvantages  of this. How 
much can be left to the computer when it comes to creating drawings, and how much will still 
have to be controlled by humans? The more powerful and intelligent computers and software 
get, the more reliable it will be to mimic human behaviour and make rational choices. Thus, 
we conclude that in the future it does not seem unrealistic with completely automated 
drawings. 
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Ingemar Lindström Tacton Systems AB  2013-04-08 

Kristina Engström Tacton Systems AB 2013-04-11 

Cathrine Pahl-Ragnesand Tacton Systems AB 2013-04-12 

Andreas Wettstein SolidLine (Partner) 2013-04-17 

QQQQQQQQQQQQQQ Partner company 2013-04-19 

Rolf Frei Solid Solution (Partner) 2013-04-22 

Ola Claesson PLM Group (Partner) 2013-04-23 

Matthew Cummins CADDNA (Partner) 2013-04-23, 2013-05-13 

Pete Wetzel Alignex (Partner) 2013-04-25 

QQQQQQQQQQQQQQ Customer company 2013-04-26 

QQQQQQQQQQQQQQ Customer company 2013-04-29 

Deviaiah Neeruvai FLSmidth (Customer) 2013-04-29 

QQQQQQQQQQQQQQ Customer company 2013-05-15 

Massimo Porcari Sidel Group (Partner) 2013-05-15 

Anton Wohlgenannt Wohlgenannt Mechatronic 2013-05-24 
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APPENDIX B. INTERVIEW QUESTIONS 
 

 What are the main problems with creating configurable drawings today? 
What is hard, what takes time, are there any vital functions missing? 

 

 What works well with configuring drawings in Tacton Works? 

 
 What is the purpose of the drawings? 

 
 How do you create a configurable drawing? 

Describe the journey 
What do you start with?  
Are there any general guidelines for configuring drawings?  

 Which drawings are the easiest to create, detail or assembly? Why? 
Do you get any special customer demands that are difficult to execute? 

 

 When   creating   a   configurable   drawing,   do   you   use   SolidWorks   “smart”  
functions? 
For example: Auto Balloons, Magnetic Lines, Hole Wizard/Hole Callout etc. 

 
 Which parameters do you need to be able to control? 

(For example, Annotations, Views, and Dimensions)  
 What properties do you need to control on these parameters? 

(For example, Position, Value, and Visibility) 
 How would you like to be control it? 

(For example in a table or by attributes etc.) 

 

 What do you think of how TW handles/organizes the rules and constraints? 
Does it feel natural and logical? 
Is  it  easy  finding  what  you’re  looking  for? 

 

 Who do you turn to when you encounter problems? 
Is there any documentation on how you configure 2D-drawings? 
What would be helpful when you encounter problems? 
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 What do you think about the future for 2D-drawings? 

 

 What advice would you give to someone who is new to creating configurable 2D-
drawings? 
Which problems did you encounter when you started working with 2D-drawings? 

 

 If it were up to you, in what way could Tacton Works be improved regarding the 
2D-configuration? 
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APPENDIX C. CUSTOMER JOURNEY MAP OF THE 
WORKFLOW 
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APPENDIX D. CUSTOMER JOURNEY MAP WHEN 
ENCOUNTERING PROBLEMS 
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APPENDIX E. LIST OF PARAMETERS THE 
INTERVIEWEES WANTED TO CONTROL 

 

Highest ranked (1): 

 Multiple sheets* 
o Controlling and updating on each sheet every existing TW 2D feature 

Sheet name  
o Delete sheet 
o Additional sheet with flattened contours (DXF output), handling multi body 

sheet metal 
 Property value 
 Layer state 
 Weld symbol 

o Value (ex: Fillet thickness etc.) 
 Dimensions 

o Visibility, position, value (Should be reference from dimensioning object, not 
from sheet origin) 

 Annotations 
o Visibility, position, value (Should be reference from dimensioning object, not 

from sheet origin) 
 Views 

o Visibility, position, state, scale 
 Sheet format 

o Select for new, exchange for existing 
 Sheet  

o Scale 
 Breaks 

o Position, gap size 
 Detail view 

o Label, scale, position 
 Section view 

o Label, scale, position, position of section line 
 Custom properties 
 Additional dimension symbols (Before and after) 
 Tolerances 

o Dimension tolerances 
 Text (annotations) 

o On the sheet and view, annotations position, single and multiline text 
annotations 

 Blocks 
o Size, rotation, position, block-attribute 
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 Surfacing-, geometrical-, tolerance- and welding symbols 
o Size, rotation, position, content, value  

 

Middle ranked (2): 

 View/sheet  
o Scale, position, value, visibility, rotation angle 

 Additional view properties 
o Hidden edges, show/hide components, show/hide bodies 

 Annotation 
o Visibility 

 Sheet format** 
o Path to existing sheet formats  

 Layers 
o Visibility (In a table) 

 Parameterized sketches in drawings 
 Without a part or assembly 

o Only a 2D sketch, imported DXF/DWG content 

Lowest ranked (3): 

 View  
o Value, position 

 Annotation  
o Value, position 

 Dimension tolerance/precision 
 Document properties 

o Control e.g. line width, arrow-size  … 
 Drawing macro 
 Annotation text*** 

o Text content  
o Text format 

 Tangent edge display 
 Explode state 
 Properties from parent-document ($PRPSHEET) 

o ARTIKELNR,  other  “linked”  properties 
 Linked properties 
 Dangling dimensions 

o Clean-up for not used annotations due to deleted or suppressed 
 Blocks replacement 
 Tables 

o SW Tables (rows, columns, values), positioning 
 OLE 

o Content (e.g. Images, Visio document) 
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 Everything that is possible to put on a drawing 

Unranked: 

 Change Sheet Size  
 Single Component for one drawing view  
 Arrange auto balloons order  
 Use Tables for notes  
 Change style of dimension / note  
 Change display state of drawing view  
 Change leader / leader style of note 
 BOM 

o Properties, position, visibility 
 Breaks 

o Properties, position, visibility 
 Detail view 

o Properties, position, visibility 

How to control the attributes: 

*That’s  an  update issue, on update you have to switch to every existing sheet  

One component for every drawing sheet in TW  

Boolean attribute for deleting  

**A table for the existing sheet format paths 

***A function attribute  

Depending on SWX API how you can control the text format 

“All  the  above  parameters  can  be  controlled  by  using  attributes  (domain:  Int/float)” 

“A  drawing  contains  very  detailed  information  that  means  that  you  should  be  able  to  control  
all necessary parameters like View Layout, Annotations, Sketch and also change the sheet 
size instead of the scale. Controlling properties means to be able not only control the property 
by itself (like a dimension), it should be possible to control the parameters of a property 
(Style, Leaders, etc.) in 2D and 3D. In 3D you can only control a feature (for example) but the 
feature has a lot of parameters.  

If you create a Tacton Model you have one attribute for a feature, which means if you want to 
map all the parameters of the features you will get a lot of attributes. To get a better overview 
it  should  be  possible  to  sort  attributes  in  a  folder  in  TactonWorks  Studio.” 

 

“There   should   be   an   automatic   function:   Make the drawing nice so that the actual 
measurements views and annotations are in a good position. We are not able to define a 
special  position  for  each  measurement.” 

Positioning references: 

 Locked position 
 In reference to origin of sheet 
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 In reference to the view which the detail belongs to 
 In  reference  to  another  annotation  (“If  it  moves  I  move  along”) 

 


