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Abstract.  The working process of construction and 
conveying machines is characterized by the interaction 
with granular and bulk materials. In order to allow pro-
spective analysis of machine behaviour under real oper-
ating conditions, coupled simulations are increasingly 
used. While modelling the equipment happens within the 
scope of component-oriented system modelling, repro-
ducing particle-mechanical behaviour is done with dis-
crete element method. The work presented here intro-
duces a new integrated approach which allows a closed 
modelling and simulation of system models and discrete 
element method. The creation and calculation of coupled 
simulations is thus facilitated by a multiple. 

Introduction

1 Basics 

1.1 Discrete element method 
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Figure 1: DEM Calculation Loop. 

Figure 2: Input Script for LIGGGHTS®. 

1.2 Network-based system simulations 

Figure 3: Network model of an engine with 6 cylinders. 
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1.3 Coupled simulations 

Figure 4: Classification of coupled simulations. 

2 Integrating DEM into 
Component-oriented System 
Models 

2.1 Component library 

Component Functions 

SimulationBox get total count and mass of all 
particles 

ParticleSource generate particles 

ParticleSink remove particles 

ParticleFlowSensor measure the number and mass of 
particles passing a surface 

ParticleRegionSensor measure the number and and mass 
of particles in a volumetric region 

ParticleSet loading existing data 

RigidBody interaction of a rigid body with the 
particles 

Table 1: Components and corresponding functions. 

2.2 System structure 



Christian Richter  Integrating Discrete Element Method into Component-Oriented System Simulations 

 128 SNE 27(3) – 9/2017 

TN

Figure 5: System structure. 

2.3 Communication 

1 outer SimulationBox simbox “simBox”;  
2 Boolean isConnected(start=false); 
3 ExternalObject client=TcpClient();  
4 equation 
5  when initial() then 
6   isConnected=connectToServer( 
7    client, 
8    simbox.address, 
9    simbox.port); 
10  end when; 

SimulationBox
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1 parameter Real tc=0.0001; 
2 Boolean commTrigger=sample(0, tc); 
3 algorithm 
4 if isConnected then 
5 when initial() then 
6 ...send initial data... 
7 elsewhen commTrigger then 
8 ...send and receive data... 
9 elsewhen terminal() then 
10 ...send final data... 
11 end when; 
12 end if; 

3 Bucket Elevator 

3.1 Analytical considerations 

P

Figure 6: Construction of point P and distance a. 

3.2 Modelling 

Figure 7: Structure view of the bucket elevator model in 
Simulation X®. 

3.3 Results 
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Figure 8: 3d-simulation-view of steady state. 

Figure 9: Forces on single bucket. 

4 Conclusion 
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