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Abstract 
Due to the increasing utilization of 3D development 

environments for industrial use cases by emerging 

topics like virtual reality, new challenges in the 

conversion of computer-aided-design (CAD) models to 

3D models have become visible. Particularly, the 

conversion of the kinematic constraints turns out to be 

complex and requires extensive manual efforts. This 

paper discusses these challenges with a focus on the 

problems in the conversion of kinematic constraints. 

Further, a new approach is proposed and validated 

regarding the automated conversion of the kinematic 

constraints of an exemplary CAD model. Thereby, this 

work contributes to an accelerated and simplified 

development process of industrial applications within 

3D development environments. 

 

Keywords: computer aided design (CAD), 3D,
kinematic dependencies, CAD conversion, constraints

1 Introduction

CAD systems are indispensable in industrial product

development processes and represent the state of the art

in the area of product design software. However,

product development tasks often go far beyond pure

product design and require additional software solutions

for simulation, visualization or other tasks. While CAD

systems are the preferred tools for product development,

3D development environments1 (3DDE) are used for

visualization in high-quality renderings, videos or

virtual reality applications (Davila Delgado et al., 2020).

Because of the limited compatibility between CAD

systems and 3DDE, file conversions are usually

required and lead to a loss of information (e.g.

parameters, materials, kinematic constraints) (Raposo et

al., 2006). Manual restoration of lost information can be

time consuming and must be repeated with every

adjustment of the design. Even existing CAD

conversion tools are not able to fully convert kinematic

constraints (Stelzer et al., 2014). Other scientific

publications identified this problem as well but could

1 Popular examples are 3DsMax, Cinema4D, Blender or

Unity.

not present a general applicable solution (Whyte et al., 

2000). For that reason, this paper will present existing 

challenges regarding the conversion of kinematic 

constraints followed by an approach for an automatic 

conversion concept. 

This paper is structured as follows: In section 2, the 

state of the art highlights current challenges regarding 

the conversion of CAD models to 3DDE compatible 

files. Further, problems of current approaches to 

overcome the existing challenges in the file conversion 

will be discussed. In section 3, an approach for a concept 

which addresses the identified issues is presented. A 

validation and discussion of the presented approach is 

given in section 4. This work closes with a conclusion 

in section 5. 

2 State of the art 

The following section focuses on the state of art and 

identified challenges in the conversion workflows from 

CAD models to files supported by 3DDE. First, 

currently available file formats will be discussed. 

Second, challenges regarding the conversion of 

kinematic constraints are presented. Finally, current 

approaches to overcome the conversion issues will be 

presented. 

2.1 File formats for 3D-data exchange 

Challenges in the conversion of 3D models from CAD 

systems to 3DDE arise, because most software systems 

use their own native file formats. In addition, the most 

software systems offer only limited capabilities to 

export or import data to other software. In order to 

overcome these issues, neutral exchange formats have 

been developed, which can generally be read by any 

common CAD- or 3D-system. However, the converted 

content often does not go beyond pure geometry 

(Dimitrov and Valchkova, 2011). The possibility to 

store additional information like materials, parameters, 

kinematic constraints etc. can vary from format to 

format. Furthermore, only a limited number of CAD 

systems offer the possibility to export these data. 
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One major difference between CAD and 3DDE 

models is the representation of surfaces. CAD-Models 

are described by non-uniform-rational-B-spline 

(NURBS) surfaces which are an exact mathematical 

representation of the geometry. The most commonly 

used CAD-exchange formats are STEP (.stp) and IGES 

(.igs) which are both neutral formats. In contrast, 3DDE 

use a discretized, polygon-based grid to generate 

surfaces as current 3DDE cannot render NURBS 

surfaces in real-time (Kumar and Manocha 1996; 

Sikorska 2008). When moving from CAD to a 3D 

application, polygonization (tessellation) of the CAD 

model is generally required. As a result, the used file 

formats differ fundamentally. In general, the tessellation 

process only translates surfaces belonging to the 3D 

model. Construction geometry like points, axes or 

planes are not considered and consequently lost during 

conversion. The most important neutral 3D-exchange 

formats are Wavefront OBJ (.obj), COLLADA (.dae), 

STL (.stl) and VRML (.wrl). Further, the proprietary 

formats Filmbox (.fbx) and 3DS (.3ds) are provided by 

Autodesk but are supported by many different 3DDE. 

An overview of the mentioned file formats is presented 

in Table 1. 

Table 1: Overview of the most important CAD- and 

3D-exchange file formats. 

 

2.2 Kinematic constraints in CAD and 

3DDE 

Kinematics are commonly used in the product 

development to test and illustrate motions of future 

products within the design process. The correct 

definition of kinematic constraints is further required for 

dynamic simulation (Engelson, 2000) or functional tests 

in a virtual environment. The creation of such 

kinematics in CAD is usually done by assigning 

geometric relationships and thus deliberately restricting 

degrees of freedom (DOF). Different geometries and 

relations can be used here. The most frequently used 

                                                 
2 The ASCII variant of the Wavefront OBJ format is 

neutral while the binary variant is proprietary. 

geometries are primitives like points, axes and planes, 

which can be defined as congruent, parallel, angular, or 

with a distance from each other. The totality of all 

geometrical constraints of a CAD model component 

results in its respective DOF of movement, which 

defines the kinematics of the assembly. 

In contrast, 3DDE offers special features, commonly 

called kinematic joints, to simulate special kinematic 

behaviors. Due to the mesh-based surface representation 

in 3DDE, these joints are normally defined by assigning 

coordinates and vectors and manually restricting the 

respective degrees of freedom. Thus, the definition of 

kinematic constraints is strongly differing from the 

geometry-based constraint definition in CAD, which 

makes the conversion of constraints from CAD to 3DDE 

challenging. 

Summarizing, the two main issues of file conversion 

from CAD to 3DDE result from the existence of a 

variety of different file formats and the loss of data 

during file conversion which exceed pure geometry. 

Especially kinematic constraints are lost, as none of the 

prevailing 3D-supported file formats can fully support 

the preservation of kinematic constraints from CAD 

models. There are different approaches to overcome 

these issues which are presented in the following 

subsection. 

2.3 Existing approaches for the automated 

conversion of CAD models 

To overcome the issues introduced in subsection 2.2, 

several approaches have been developed with a focus on 

the conversion of CAD files to 3DDE. These approaches 

can be divided into three categories based on the types 

of data which are transferred from the CAD software to 

3DDE: 

 

1. Manual conversion and recreation in 3DDE 

2. Automatic conversion of geometries and user-

defined meta-data 

3. Automatic conversion of geometries and 

kinematic constraints 

 

In the manual approach, 3D computer graphics 

software is used to convert CAD models to 3D 

supported file formats including the geometries to 

represent a certain model. After the conversion to a 3D-

supported file format, the files can be imported into a 

3DDE. Since all information regarding the kinematic 

dependencies are lost, a high manual effort is required 

to remodel these information to enable realistic 

kinematic simulations of interactions and motions 

(Wolfartsberger, 2019). This approach is currently the 

common workflow in the development of applications 

which include representations of CAD files in 3DDE. 

File format Suffix Type Context 

STEP .stp neutral CAD 

IGES .igs neutral CAD 

Filmbox .fbx proprietary 3D 

3DS .3ds proprietary 3D 

Wavefront OBJ .obj neutral2 3D 

COLLADA .dae neutral 3D 

STL .stl neutral 3D 

VRML .wrl neutral 3D 
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Within this workflow, the remodeling needs to be 

performed with every update of the CAD model and the 

effort reoccurs evenly. As a consequence, the second 

and third category focus on the development of 

automated solutions for the conversion of CAD files. 

Approaches in category 2 focus on the conversion of 

CAD parts and attached meta-data from several 

subsystems like product data management systems. 

Compared to previously described approaches, these 

ones generate two datasets within the conversion 

process (Gebert et al., 2017). The first dataset includes 

the geometries of the CAD model in a common file 

format. The second dataset stores information which are 

not related to geometry. This includes information like 

the hierarchy structures of assemblies in CAD models 

and pre-defined animations of kinematic motion 

sequences. A further possibility in these approaches is 

the integration of process knowledge like production 

information from additional subsystems (Górski, 2017). 

Compared to the first category, the second category of 

approaches can support the automatic integration of pre-

defined animations, though the integration of kinematic 

constraints is still not supported. Thereby, motion 

sequences can be visualized but a realistic interaction 

with a certain 3D model still needs to be modeled 

manually in a 3DDE. 

The third category focuses on the conversion of 

kinematic constraints from CAD models to 3D 

supported file formats to enable full realistic simulations 

and animations of kinematic motion sequences in real-

time based on user-defined input values. For this reason, 

the approach of Lorenz et al. (2016) also starts with the 

automatic conversion of CAD models and pre-defined 

animations. To enable interactive kinematic motion 

sequences, the functionalities of mechanisms in certain 

CAD models has to be reproduced in the 3DDE. 

Therefore, the calculation of kinematic constraints is 

performed in a CAD system which is directly connected 

to the 3DDE via the programming interface. Using this 

connection, all manipulations of positions or 

orientations of parts in the 3DDE are streamed to the 

CAD system. Based on this transmitted information, the 

positions and orientations of all connected parts within 

the CAD model are recalculated. These recalculated 

data are streamed back to the 3DDE which enables a full 

interactive representation of CAD models in 3DDE 

(Andaluz et al., 2016). However, by connecting a 3DDE 

to a CAD system the real-time streaming between these 

tools is indispensable. Using this approach, a stand-

alone solution for the conversion of kinematic 

constraints in a 3DDE is difficult to implement. Further, 

a reliable streaming highly dependents on the stability 

and performance of the connection. 

In summary, none of the mentioned categories of 

approaches supports the full implementation of all 

constraints from CAD models in 3DDE as a stand-alone 

application. To implement a stand-alone application in 

a 3DDE, an automated remodeling of all kinematic 

constraints and DOF of the parts in certain CAD models 

is required. This remodeling must be implemented 

exclusively with tools provided by the 3DDE. 

3 Approach for an automated 

conversion of kinematic constraints 

This section presents an approach of a conversion 

concept from CAD systems to 3DDE with respect to 

kinematic constraints. The aim is to show a general and 

conceptual way of translating kinematic constraints 

from CAD to 3DDE not to present a fully functional 

software tool. The first subsection discusses 

prerequisites like the used file format and the basic 

conversion principle. Subsequently, the solution for the 

assembly hierarchy conversion and the conversion of 

constraints is presented. The origin of this work is based 

on an industrial use case in which a developed product 

had to be tested in a virtual environment. The design was 

created in Autodesk Inventor, while the visualization in 

3D takes place in the 3DDE Unity. The following 

implementation of the conceptual approach applies 

basically to the conversion from Inventor to Unity, but 

can be adapted to further CAD systems. 

3.1 Prerequisites for the conversion concept 

The approach presented in this work uses the 

programming interfaces provided by Autodesk Inventor 

and Unity. The programming language used for 

Autodesk Inventor is VBA while Unity uses C#. Since 

the most CAD systems and 3DDE offer programming 

interfaces, the proposed solution can be adapted to other 

software combinations. 

As shown in chapter 2.2, 3DDE like Unity only 

support polygon-based file formats for the 3D-data-

exchange. For this work, we chose the .obj format which 

was selected primarily because of its easy processing 

and manipulation capabilities. In contrast to other file 

formats like .fbx and .dae, the .obj format can be 

natively exported from Autodesk Inventor. The 

disadvantage is the limited capability to store additional 

information. However, this work is not intended to 

present a final solution for the constraint problem, but to 

show a general way to transform kinematic constraints 

from CAD to 3DDE. 

Due to the loss of hierarchy information, a 

manipulation of the .obj file is necessary to restore the 

local coordinate systems of the part, which is described 

more detailed in the following section. In addition to the 

.obj file, a text-based extension file is generated, which 

is used for storing missing information. This text file is 

automatically created within the CAD conversion and 

contains necessary information for every part of the 

assembly to restore the original structure. An illustration 

of the basic conversion concept is presented in figure 1. 

Two main steps can be differentiated here: the 

SIMS 61

DOI: 10.3384/ecp20176215 Proceedings of SIMS 2020
Virtual, Finland, 22-24 September 2020

217



conversion of the assembly hierarchy including all local 

coordinate systems and the conversion of the entire 

movement kinematics of the assembly. 

3.2 Conversion of assembly hierarchy 

A notable disadvantage of the .obj file format is the 

missing capability of preserving the assembly hierarchy 

structures. Thereby, the conversion leads to the 

consolidation of all volume and surface bodies on 

different hierarchy levels of an assembly resulting into 

one unstructured collection of bodies (see figure 2). 

Furthermore, the .obj format does not support the use of 

different coordinate systems, which means that all 

bodies are positioned with respect to a common origin 

point during the conversion. 

Further, the volume and surface bodies3 of the entire 

assembly are converted into a mesh-based geometry and 

written to the .obj file one-by-one during the conversion. 

If multi-body parts were used in the original design, this 

is no longer recognizable after the conversion and the 

individual bodies can no longer be assigned to the 

associated parts. 

To correctly restore the hierarchy structure of the 

CAD model after the conversion, knowledge of the local 

coordinate systems of each part in relation to the global 

coordinate system is essential. The assignment of parts 

and subassemblies to the various hierarchical levels 

must also be known. For this reason, each part or sub-

assembly of the main-assembly used in Autodesk 

                                                 
3 A single CAD-part can have multiple volume and 

surface bodies. After the conversion to .obj and reimport 

the bodies appear as independent parts. 

Inventor is investigated in a loop and the name, type, 

superior assembly as well as associated volume and 

surface bodies are written to the extension file. The 

name corresponds to the component part-name that was 

assigned in Inventor. The type indicates whether it is a 

part or an assembly and the higher-level assembly is 

required to restore the hierarchy levels. 

In this approach, the lost parts and assemblies of the 

CAD model are represented by newly instantiated Unity 

GameObjects4. After instantiation, the volume and 

surface bodies from the CAD model are attached to the 

instantiated GameObjects representing their 

superordinate parts. After attaching volume and surface 

4 GameObjects are the basic class of entities within a 

Unity virtual environment. 

Figure 1: Software architecture of the proposed conversion approach. 

TopAssembly

SubAssembly1

SubAssembly 2

Part 1

Part 2

Part 3

Volumebody1

Volumebody2

Surfacebody1

Volumebody1

Volumebody1

TopAssembly

Volumebody1

Volumebody2

Surfacebody1

Volumebody1:1

Volumebody1:2

Inventor assembly hierarchy .obj hierarchy

Figure 2: Assembly hierarchy structure in CAD models 

and .obj files after conversion. 
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bodies to their respective GameObjects, the hierarchy 

structure of the CAD model has to be restored.  

Due to the loss of the local coordinate systems during 

the conversion, the origin point of the bodies is no 

longer coincident with the original coordinate system 

origin. All vertices describing the body’s mesh inside 

the .obj file are given relative to the global coordinate 

system. To correct this, a coordinate transformation of 

all vertices is required. This transformation takes place 

directly in the original .obj file where all bodies are 

moved to the global origin. To transform the 

coordinates, the individual transformation matrix of 

each part is needed. The values of this matrix can be 

evaluated in Inventor and are written to the extension 

file. After the transformation all vertices of a body are 

given in relation to the local coordinate system of the 

associated part. When importing this file to Unity, all 

local coordinate systems of the bodies are coincident 

with the global coordinate system. To relocate the 

individual bodies, the extension file contains the 

coordinates of the origin points and the direction vectors 

of the X-, Y- and Z-axis for each component in relation 

to the global coordinate system. 

Using this information, the parts and assemblies can 

be relocated with correct coordinate systems in Unity. 

This is performed by a Unity extension script which 

reads the information regarding the local position and 

orientation of all parts from the extension file. In the 

next step, local positions and orientations are assigned 

to all GameObjects representing the parts and 

assemblies of the CAD model. Additionally, the 

assigned position and orientation values must be 

translated from the right-handed coordinate system of 

the CAD system to the left-handed coordinate system of 

Unity. 

3.3  Conversion of kinematic dependencies 

In the following subsection, the algorithm for 

converting kinematic dependencies, which is the core of 

this work, will be described. The basic concept of the 

algorithm is valid across different software tools and file 

formats. The implementation can be considered as a 

proof of concept. 

In common CAD systems, the connection between 

multiple rigid bodies within an assembly design is 

realized by assigning kinematic constraints to pairs of 

rigid bodies. These constraints are based on primitive 

geometries like points, lines or planes, which can be 

defined as coincident, angular and distant (Haller et al., 

2012). Most of the 3DDE offer only a limited 

functionality compared to CAD systems for assigning 

kinematic constraints. Instead, constraints are simulated 

using a physics engine in combination with special 

attributes assigned to the individual objects. In this 

work, two essential attributes of Unity (hinge joint and 

configurable joint) are used to remodel kinematic 

constraints. The hinge joint connects two bodies to form 

a joint, restricting all translational and rotational DOF 

excluding the rotation around one joint axis. The joint 

axis is defined by an origin point and a direction vector. 

The configurable joint is a flexible component, which 

enables the creation of kinematic joints, but also the 

restriction and unlocking of certain DOF. This is 

performed by assigning an individual coordinate system 

to the specific configurable joint. Subsequently, all six 

DOF can be restricted or unlocked individually.  

The algorithm for automatically converting the 

kinematic dependencies consists of four steps. The first 

and second steps must be performed in a CAD system 

and the last steps in a 3DDE:  

 

1. Evaluation of DOF (CAD system) 

2. Identification of rotational kinematic constraints 

(CAD system) 

3. Reinstantiation of DOF (3DDE) 

4. Setup of rotational kinematic constraints (3DDE) 

 

In the first step, the DOF of all parts and assemblies 

within the CAD model are evaluated. Thus, the number 

of translational and rotational DOF as well as the 

respective coordinate directions needs to be determined. 

Any unrestricted DOF in combination with the 

corresponding direction vector is then written to the .csv 

file. 

Subsequently, rotational constraints between 

different parts or assemblies within the CAD model are 

identified in step 2. As already described in the previous 

section, the connection between two parts is established 

by geometric relationships between two parts or 

assemblies within the CAD model. At the present early 

development stage, it was not possible to cover all 

possible combinations. Only constraints based on the 

congruence of two axes as a rotational axis are 

considered. Corresponding relationships are written into 

the extension file, stating the connected part or assembly 

and the axis direction. 

The third step uses the input of the first step within 

the extension script for Unity to remodel the DOF of all 

parts and assemblies within the CAD model. Therefore, 

configurable joints are attached, corresponding to the 

information from the extension file, to restrict or unlock 

the DOF of the GameObjects representing the parts and 

assemblies of the CAD model. 

Finally, components of the type hinge joint are 

applied to remodel the rotational constraints between 

different parts or assemblies of the CAD model within 

Unity. Therefore, the origin of the rotational axis is 

assigned to the hinge joint in the local coordinate system 

of the corresponding GameObject. Afterwards, the 

rotational axis is defined by the direction vector. 
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4 Validation and Discussion 

The validation of the proposed approach for the 

automated conversion of kinematic dependencies from 

CAD models in Autodesk Inventor to the 3DDE Unity 

is performed using an exemplary CAD model of a 

mechanical assembly (Figure 3). Within the assembly, a 

rotational motion from a hand lever (A) is translated via 

a shaft to an eccentric panel (B). The bar (C) translates 

rotational motion to the slider (D) which has a single and 

linear direction of motion. The conversion of the CAD 

model was performed by the internal .obj converter of 

Autodesk Inventor and the developed extension script. 

To implement the DOF each GameObject representing 

a part or an assembly has two attached configurable 

joints. One is accountable for defining translational 

DOF and one for the rotational DOF. The rotation axis 

of A is modeled by a hinge joint as well as the centers 

of rotation on the top and bottom of C. The linear motion 

of D is modeled by unlocking the corresponding DOF 

within the configurable joint of the GameObject. The 

developed extension scripts are attached as a GitLab 

repository of the Hamburg University of Technology 

(Braun et al., 2020). 

The presented simple and exemplary assembly was 

converted using the proposed approach including the 

rotational kinematic dependencies. This initially 

provides a proof of concept for the conversion concept 

with respect to the presented assembly. Currently, the 

proposed concept only considers constraints based on 

the congruence between two axes because these are 

primarily used for the generation of rotational DOF. 

Constraints based on further geometric relationships 

cannot be considered, yet. Translational DOF are not 

affected, since these are evaluated using the DOF 

analysis integrated in Invertor and do not require an 

analysis of the existing constraints.  

Future research activities should focus on algorithmic 

evaluation of the remaining combinations of constraints. 

Therefore, a more complex analysis of DOF is required 

(Lee-St.John, 2012). Especially, a possibility to find 

parts that are connected to each other as well as the type 

of their connection (translational / rotational) based on 

the existing DOF and the existing constraints of an 

assembly is of special interest. Additionally, subsequent 

research activities should focus on the used file formats. 

A detailed analysis is necessary to verify whether file 

formats like .fbx or .dae offer extended possibilities to 

transfer kinematic constraints of CAD models. 

Despite the existing limitations, the presented 

approach can support the conversion of kinematic 

constraints in the application development process 

within 3DDE. This can lead to a faster and easier 

development of 3D applications for design reviews. 

Besides the easy visualization of kinematic 

dependencies, the automatic conversion supports the 

representation of results from simulations 

(Wolfartsberger et al., 2017). 

5 Conclusion 

This paper summarizes challenges in the conversion of 

CAD models to files supported by 3DDE. The 

challenges originate in the concurrent usage of CAD 

systems for mechanical designs and 3D development 

engines for high quality visualizations and application 

developments. Current file formats only support the 

conversion of geometries, but the conversion of 

kinematic constraints from CAD models to 3D files is 

not feasible. Therefore, different approaches from time-

consuming manual restoration of kinematic constraints 

in 3DDE to the automated synchronization of CAD 

systems with 3DDE has been developed.  

The conceptual approach for the conversion of 

kinematic dependencies of CAD models contributes to 

the standalone representation of CAD models in 3DDE. 

The current implementation enables the automated 

conversion of selected rotational kinematic constraints 

from Autodesk Inventor to Unity. Within the elaborated 

workflow, a file is generated to represent the geometries 

of the CAD model. An additional extension file contains 

missing information regarding the hierarchy structure, 

local coordinate systems, DOF and kinematic 

constraints. Using this information, the initial kinematic 

dependencies from the CAD model can be restored in 

Unity. In future research activities, it is planned to apply 

the proposed approach for a wider range of kinematic 

constraints. 
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