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Abstract −−−− Mechatronic Systems are characterised by 
interacting subsystems of different types.  To model this 
class of dynamic systems an interdisciplinary approach is 
required.  In this paper a way to model a controlled hydro-
mechanical system using three different kinds of simulation 
tools is presented.  The mechanical system, described in 
MOBILE, is coupled with a DSHplus model of the hydraulic 
system and a controller modelled in MATLAB/SIMULINK.  
This concept is applied to the oscillating boom of a concrete 
pump. 
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I. INTRODUCTION 
Modelling mechatronic systems always carries the 
challenge of handling different types of dynamic systems.  
In the case of large-scale manipulators you will find a 
hydraulic drive on the actuator side with electronic 
sensors and controllers.  Furthermore the mechanical 
structure has to be taken into account, as you want to get 
a good representation of the real system. 
For each of the classes of dynamic systems mentioned 
specialised simulation tools are available.  To use the 
specialist properties of these tools for your modelling task 
interfaces between the tools are required.  A simulation 
environment for dynamic systems that provides a 
powerful interface that is supported by many simulation 
software developers is MATLAB/SIMULINK.  So-called S-
Functions are used to add dynamic transmission elements 
to the control scheme.  As long as these elements have 
only one direction of transmission, their use is quite 
straightforward.  In the case of multiple dynamic 
elements with bidirectional interaction some boundary 
conditions have to be fulfilled.  For our controlled hydro-
mechanical system, the mechanical state of the hydraulic 
cylinder influences the hydraulic pressure.  This pressure 
itself results in an applied force on the mechanical 
system. 
After some remarks on the coupling of dynamic systems 
in general, the functionality of S-Functions will be 
discussed.  Based on this a concept for how to use S-
Functions to model a coupled hydro-mechanical system 
is presented.  Simulation results for the controlled 
concrete pump boom follow.  Finally the conclusions are 
presented. 
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II. COUPLING OF DYNAMIC SYSTEMS 
Fig. 1 shows the coupling of dynamic systems based on 
the kinetostatic transmission elements, as used in the 
multibody system program library MOBILE [4].  The 
bidirectional transmission, divided into push forward and 
pull back operations, is especially important for 

mechanical systems.  It allows the transmission of 
kinematic variables on the position, velocity and 
acceleration levels from the root of the system to the 
leaves of the branches.  This push forward operation 
leads to the solution for the global kinematics.  The 
following pull back operation from the leaves to the root 
evaluates all resulting forces by taking into account all 
inertial and external forces. 
In other dynamic systems (electric circuits, hydraulic 
systems) one unidirectional transmission is sufficient to 
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Fig. 1: Bidirectional coupling of dynamic systems 
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Fig. 2: Transmission element interface in SIMULINK 



update all system variables.  According to [2], [8], [6] 
this update process is the across operation while the 
evaluation of the state derivatives is called the through 
operation. 
As an analogy to the across and through operations, 
MATLAB/SIMULINK provides the functions 
mdlOutputs and mdlDerivatives within the 
transmission element interface (S-Function).  However, 
as shown in Fig. 2 the across operation is only 
unidirectional since it provides only a push forward and 
no pull back. 

III. INTERDISCIPLINARY MODEL 
As described above the S-Function does not exactly 
correspond to a bidirectional transmission element.  Still 
it is possible under certain conditions to couple a 
mechanical system with other dynamic systems as will be 
exemplified by the modelling of a controlled hydro-

mechanical system. 
The application considered here is a concrete pump boom 
with four arms with an overall reach of 34 meters.  
Because of the light structure and the excitation through 
the pumping process, oscillations with an amplitude of up 
to one meter can occur.  To prevent such dangerous 
behaviour the virtual spring damper control concept was 
proposed [2] and successfully implemented.  This control 
concept functions in such a way that the third of the four 
hydraulic drives is used as a linear spring damper.  The 
measured cylinder force and position are used to 

determine what velocity a linear spring damper would 
have under the given circumstances.  The hydraulic drive 
is dynamically adjusted to give the corresponding 
behaviour by means of a velocity controller. 
For further studies, and optimisation of the control 
parameters, the existing MOBILE elastomechanical model 
of the manipulator had to be extended by adding 
hydraulic and electronic components.  This produced an 
interdisciplinary model. 
The control concept already existed in 
MATLAB/SIMULINK.  The simulation toolbox DSHplus 
offers a wide variety of hydraulic components to easily 
model the hydraulic drive, including pressure supply and 
servo valves.  Further more DSHplus provides an export 
function to produce C code from the model.  MOBILE 
itself is object oriented  and is programmed in C++.  To 
take advantage of the graphical user interface in 
MATLAB/SIMULINK a way was found to implement the 

interdisciplinary model using the S-Function interface 
instead of implementing all components as source code in 
MOBILE. 
The signal flow is shown in Fig. 3, and starts with the 
actual values of the mechanical state variables q, q�  and 
the hydraulic states p0, pA, pB on top of the chart.  They 
result from the previous integration step taken by the 
integration algorithm.  Following the signals from left to 
right, first the forward kinematics of the mechanical 
system is solved.  The updated position and velocity of 
the hydraulic cylinder, s and s� , can now be processed in 
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Fig. 3: Signal flow chart for the coupled controlled hydro-mechanical system 



the hydraulic system and the controller.  The actual 
pressure in the hydraulic system and the given position 
and velocity of the cylinder, s and s� , enable evaluation 
of the resulting cylinder force.  The position and velocity 

of the cylinder and its chamber pressures, pA and pB, are 
used as input values for the controller.  The set velocity 

sets�  is determined depending on the stiffness c, damping 
d and the unloaded length s0 of the virtual linear spring 
damper.  The non-linear velocity controller outputs the 

control voltage for the servo valve us.  Since all internal 
variables of the hydraulic system are now updated the 
pressure build-up equation can be solved and the 
derivatives of the hydraulic states be determined.  The 
same is true for the mechanical system after the pull back 
operation for the force transmission has been carried out.  
The vector of derivatives can now be transmitted to the 
integration algorithm to perform the next integration step. 
Each of the operations mentioned is carried out by a 
function within one or other of the dynamic systems.  The 

flow chart in Fig. 3 shows that there is a certain order that 
has to be followed.  Therefore the relevant functions need 
to be identified and placed in right order. 
All the function calls are listed in order in Table 1.  The 

structure of MOBILE allows the across and through 
operations (doMotion, doForce, giveYd) to be 
called separately.  This is not the case for DSHplus.  The 
exported C-code provides only one function (dgl) that 
calculates the across variables ( iQ~ , Fi) and the through 

variables ( ip� ).  Therefore the dgl function has to be 
called twice.  The draw back of superfluous operations 
can be eliminated through an additional case sensitive 
exception of certain function calls. 
The implementation in MATLAB/SIMULINK can be 
performed as follows.  While the controller is represented 
by a number of static transmission elements from the 
SIMULINK library, the mechanical and hydraulic systems 
are each added as dynamic S-Function elements (Fig. 2) 
to the MATLAB/SIMULINK scheme.  In the next step the 
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Fig. 4: Linking and function calls of the transmission elements in MATLAB/SIMULINK 



inputs and outputs for each S-Function have to be set, the 
linkages between the elements added and the across and 
through functions called according to Table 1.  Fig. 4 
gives an overview of how the S-Functions are arranged.   
After integration MATLAB/SIMULINK updates all output 
variables and calls the static transmission elements and 
the mdlOutputs functions in the S-Function elements.  
The order of execution follows the links from sources to 
sinks.  In this case it starts with the MOBILE 
mdlOutputs function, continues with the DSHplus 
mdlOutputs and ends up in the controller.  After this 

all output variables are updated.  The 
mdlDerivatives functions of the S-Function 
elements are called in arbitrary order to determine the 
state derivatives.  Since the pull back operation 
doForce of the mechanical system has not yet been 
performed, it is called right before the equations of 
motion are built in the giveYd function.  A giveYd 
call in the mdlOutputs function would lead to an 
unsolvable closed loop. 

IV. SIMULATION RESULTS 
For initial study and investigation of efficient 
optimisation strategies a simple manipulator was 

modelled, as shown in Fig. 5.  The mechanism, which has 
one closed loop, is modelled in MOBILE, using the 
method of the characteristic pair of joints to retrieve an 
explicit solution for the constraint equations.  The elastic 
arm is modelled using jointed rigid links with two 
degrees of freedom.  The stiffness of the arm was chosen 

to be very low to clearly show the damping effect of the 
virtual spring damper controller.  The linear hydraulic 
drive was modelled as a prismatic joint with friction.  The 
friction law is formulated as an approximated Stribeck 
curve with a steady zero crossing.  The dynamics of the 
hydraulic drive, including the pressure supply, servo 
valve, pressure relief valves and differential cylinder, are 
described in the separate DSHplus model.  As already 
mentioned the system is controlled using the virtual 
spring damper control concept.  The parameters of the 
controller are basically the virtual stiffness and damping.  
Optimisation of this interdisciplinary system is very time 
consuming if the optimisation criterion is formulated as 
an integral in the time domain, such as with the integrated 
time multiplied quadratic error (ITE2) method.  To handle 
complex interdisciplinary models a linearisation method 
was developed [3] and used to find parameters for 
optimal damping of the given manipulator.  This is about 
a hundred times faster than by evaluating the ITE2 
criterion, and has only a minimal reduction in quality. 
The simulation results in Fig. 6 show a comparison 
between the controlled and uncontrolled system 
behaviour.  In both cases the initial condition of the 
elastic arm is unbend without any load and the whole 
system in rest.  In the uncontrolled case the servo valve is 
locked.  The curves of the control voltage and the 
hydraulic pressure for the controlled case are shown in 
Fig. 7.   
In the uncontrolled case the system oscillates with very 
low damping and large amplitude around static 
equilibrium.  In contrast to this the amplitude of 
oscillation decreases rapidly in the controlled case.   
In addition to the simple manipulator, a complex 
interdisciplinary model of a concrete pump boom was 
developed [3].  The mechanical structure is shown in Fig. 
8.  There are two closed loops in the transmission 
linkages of joint B, C and D.  Each elastic arm can be 

 
Fig. 5: Simple controlled elastic hydro-mechanical 
system 
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Fig. 6: Vertical end-effector position of the simple 
model in the controlled and uncontrolled case 
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described by six planar elastic degrees of freedom, but 
the elastic deformation has not been taken into account in 
the following simulations (this will be considered in 

future work).  The control concept provides only the third 
drive in joint C with damping capabilities.  Therefore 
only this one is modelled as a controlled hydraulic drive 
in the same way as the simple manipulator.  The stiffness 
of the other three hydraulic drives is approximated using 
a linear spring-damper approach, whose parameters 
depend on the enclosed oil volume in the cylinders.  The 
optimisation of the control parameters has not yet been 
carried out for the concrete pump, but some good results 
have been still achieved in the simulation as documented 
in Fig. 9.  In the cases displayed the system is excited for 
four seconds by an oscillating external load.  In the 
uncontrolled case an increasing end-effector oscillation is 
built up and slowly decreases after the external load is 
removed.  When the controller is activated the oscillation 

is limited to a reasonable level and is completely 
absorbed shortly after the excitation stops. 

V. CONCLUSION 
In this paper the coupling of dynamic interdisciplinary 
systems was discussed.  As an example, a controlled 
hydro-mechanical system was implemented in the well-
known simulation environment MATLAB/SIMULINK.  To 
do this a bidirectional transmission element was 
implemented without violating the required order of 
execution.  This way each of the three coupled dynamic 
systems could be modelled using specialized tools and 
these could later be linked together using the S-Function 
interface. 
The simulation results demonstrate the functionality of 
the interdisciplinary approach.  The damping control 
concept for oscillating manipulators was successfully 
adapted to the model of a simple three degree of freedom 
manipulator as well as to the complex model of a 
concrete pump boom. 
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Fig. 8: Structure of the Schwing™ KVM34x mobile 
concrete pump 
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Fig. 9: Excitation of the concrete pump boom in the 
controlled and uncontrolled case 



 
 


