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Abstract.  A number of current research projects aim at 
increasing energy efficiency in production by using com-
prehensive simulation models of manufacturing plants. 
In order to gain knowledge about the energetic optimiza-
tion potential of machine tools, a simulation model of a 
turning lathe is developed. Using an object-oriented 
modelling approach allows combining mechanical, elec-
trical as well as thermal aspects in a structural manner 
into one comprehensive multi-domain model. This bot-
tom-up approach is combined with stepwise top-down 
model refinement in three stages in order to identify 
numerical boundaries of the simulation. Simulation re-
sults are validated against measurement data. Though 
object-oriented modelling leads to flexible and modular 
models, the translated equations are less efficient during 
simulation, therefore making it necessary to perform 
manual adjustments in the model. To increase simula-
tion speed, multirate simulation is performed in Sim-
scape using local implicit fixed-step solvers. 

Introduction
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1 Stage 1: Basic Electro-
mechanical Model 

•

•

•

Figure 2: The three axes of the lathe: Spindle for driving 
the workpiece, longitudinal and cross feed for 
positioning the tool in the z- and x-direction. 

Figure 1: Three stages in the modelling process with increasing level of detail. 



 B Heinzl et al.   Object-oriented Modelling and Simulation of Machine Tools 

   SNE 23(3-4) – 12/2013 149 

T N 

Listing 1: Code fragment of the asynchronous machine 
model in Simscape Language. 

2 Stage 2: Motor Control and 
Thermal Aspects 

•
•

•
•

2.1 Modelling 

component AsynchronousMachine 
(...) 
parameters (Access=public, Hidden=true) 

M = 2/3*[1, -1/2, -1/2; 0, sqrt(3)/2, 
    -sqrt(3)/2]; 

end 
equations 
   (...) 
   us' == M*[u1;u2;u3];  
   is' == M*[i1;i2;i3]; 
   i1 + i2 + i3 == 0; 
   %Standardized equations for ASM 
   us == is*rs + psis.der/Omegaref_el; 
   ur == ir*rr + psir.der/Omegaref_el... 
         -[-psir(2),psir(1)]*omegam; 
   psis == ls*is + ls*(1-sigma)*ir; 
   psir == ls*(1-sigma)*(is+ir);  
   ur == [0,0]; 
   %Torque equation 
   mr == is(2)*psir(1)-is(1)*psir(2); 
end 
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Figure 3: Main drive of the turning lathe model with asynchronous engine, voltage supply, 
gear belt drive and mechanical loads. 

Figure 4: Model of the slide drive for the turning lathe with 3-phase voltage supply, servomotor, leadscrew model, 
linear bearings and thermal components.
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2.2 Simulation results 

Figure 6: Simulation scenario of a turning process. 

Figure 7: Resulting trajectory of the tool tip and time  
values for the simulation scenario shown  
in Figure 6. 

Figure 8: Comparison of total power consumption  
between simulation and measurement data. 
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3 Stage 3: Refined Model 

3.1 Modelling 

Figure 9: Top: Overview of the total simulation model in 
Simulink/Simscape. Marked are the separate 
Simscape networks. Bottom: Detail of the  
subsystem for the electric 3-phase converter 
with the three inverters and the rectifier in 
separate Simscape networks.
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Figure 10: Comparison of steps between local solver  
(Backward Euler) and global solver  
(Simulink ode15s). 

3.2 Simulation results 

Figure 11: Results of a simulation run with the refined 
model. The plots show (from top to bottom) 
main drive active power, spindle speed, slide 
and cross-slide speed, mechanical friction 
heat and main drive motor temperature. 

 
 
 
 

 

Figure 12: Energy distribution in the system, grouped by 
parts where input energy is converted into 
heat (power electronics, mechanical friction, 
cutting process, latent energy). 

4 Conclusion 



 B Heinzl et al.   Object-oriented Modelling and Simulation of Machine Tools 

 154 SNE 23(3-4) – 12/2013 

TN
References 

Industry Applications Con-
ference

Spanende Formung. 
Theorie – Berechnung – Richtwerte

Junior Sci-
ence Conference

7th Vienna Conference on Mathematical Model-
ling

Simscape Language Guide

Simscape User’s Guide

Elektrische Antriebe – Grundlagen

IEEE Transactions on Industrial Electronics


