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loop (measure, decide, actuate, and 
repeat), are the keys to manufactur-

ing productivity. 
Control Engineering is here 

to inform you: Extreme returns 
on investment are not a state secret. 

We have advised about innovations in 
automation and control productivity since 
1954 at Control Engineering, and since 2010 
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edge today at http://
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Modern digital servo drives 
differ from simple ac motor 
drives used in control of 
asynchronous motors in 

many ways. Servo drive features include 
advanced regulation algorithms, complex 
methods of trajectory generation, pro-
gramming drive applications according 
to the PLCopen Motion Control standard, 
and addition of Safety Integrity Level. 
Also, deterministic Ethernet communica-
tion protocols are more widely used for 
multi-axis systems and complex synchro-
nized machine motion control. 

� Integrated servo drive condition 
monitoring: A prior article [Diagnostics 
for machine tool monitoring, Krzysztof 
Pietrusewicz, Nov. 23, 2011, CE USA] 
presents a concept to integrate diagnos-
tic functions based on mechanical vibra-
tions and vibro-acoustic measurements 
in digital servo drives controlling a com-
puter numerical control (CNC) feed-drive 
unit. A laboratory stand demonstrated the 
concepts according to the mechatronic 
assumptions of industrial target systems.

� Prototyping regulation algorithms: 
Mechatronic design is considered among 
techniques allowing time reduction relat-

ed to implementing new regulation algo-
rithms concepts in industrial applications.  

Software-in-the-loop applications are 
prototyping simulations, prepared on a 
designer’s computer to model the behav-
ior of a real-time control system.

Figure 1 shows how, from the kick-
off (KO) of the project to the final (M7) 
milestone, there are four main cycles in 
the typical scientific approach for rapid 
prototyping (1). By excluding the so-
called virtual prototyping (2), the project 
can be finished more quickly. With tools 
for on-target prototyping (Pietrusewicz K. 
and Urbański Ł., “Balancing PLCs, PACs 
and IPCs: What controller fits your appli-
cation?” CE, Jan., 2011, pp. 28-32), the 
project can be finished before M4.

� Virtual prototyping allows a regula-
tor (algorithm) placed in a real-time con-
troller to communicate using an automatic 
program code generator via TCP/IP, TCP/
UDP, or OPC DA protocols with a simu-
lated (virtual) object, and its behavior is 
emulated by a special application on the 
designer’s computer.

� Hardware-in-the-loop is a technique 
based on testing functionality of the pro-
totyped regulation algorithm along with 

Krzysztof Pietrusewicz, Paweł Waszczuk

Monitor
machine conditions
Machine condition monitoring can be integrated within digital 
control of permanent magnet synchronous motors (PMSM).

INTERNATIONALINTERNATIONAL®

Figure 1: From start to finish, there are four main cycles of rapid prototyping (1). 
Excluding virtual prototyping (2), the project can be finished more quickly. 
Courtesy: West Pomeranian University of Technology, Szczecin, and Control Engi-
neering Poland
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an emulated model of an object by a 
real-time controlling device. While time-
consuming, this method is extremely 
valuable, mainly due to the possibility of 
cost-free testing of emergency situations, 
without any threat of destroying execu-
tion elements of the control system.

n Implementation: The final stage of 
mechatronic design is enabled with tools 
like Automation Studio Target for Simu-
link by Bernecker&Rainer. When using 
laboratory equipment (such as dSpace 
DS1104), the implementation stage must 
be done in the target device, which is 
additional work, as shown in Figure 1.

A fast prototyping stand for diagnostic 
functions in a digital PMSM servo drive: 
The functional scheme for the laboratory 
stand is shown in Figure 2.

Figure 2 shows the mechatronic on-
target prototyping test stand. A multi-
vendor approach lets the user integrate 
functionality of embedded DSP cor-
rections based on FPGA calculations 
in the National Instruments Compac-
tRIO RT controller with cyclic Ether-
net Powerlink communication between 
Bernecker&Rainer’s APC620 industrial 
computer and Acopos1090 digital servo 
drive. The Matlab/Simulink environment 
from MathWorks lets the user automati-
cally generate newly developed posi-
tion/velocity control algorithms and 
include them within the cyclic tasks of 

the real-time operating system (automa-
tion run time). With the open OPC DA 
server technology, users can visualize the 
3D X-Y table movement of the milling 
machine on the computer screen.

Test stand components include: 
n Developer computer with installed 

Matlab/Simulink 2010b and Automation 
Studio B&R software

n High-efficiency real-time system 
controller, in this case an industrial com-
puter APC620 and servo drive Acopos 
(both from B&R), working as a cyclic-
current-value generator. All performed 
measurements and data processing are by 
National Instruments controller NI-9022.

The developed stand enables research 
in the field of improvement of digital 
servo drives applications, for example 
by integrating diagnostic functions with 
suboptimal position and velocity regu-
lation algorithm or by generating addi-
tive torque value transferred to a PMSM 
motor, depending on diagnosed working 
conditions. ce

- Krzysztof Pietrusewicz and Paweł 
Waszczuk, West Pomeranian University 
of Technology, Szczecin, and Control 
Engineering Poland. 
ONLINE

- Diagnostics for machine tool monitoring

- Balancing PLCs, PACs and IPCs: What controller 
fits your application? http://bit.ly/mgPZOM

Figure 2: Functional scheme of designed and created laboratory stand.  
Courtesy: West Pomeranian University of Technology, Szczecin, and Control Engi-
neering Poland
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