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Abstract

South African manufacturing companies today need to be more sophisticated
technologically to compete for global markets. The latest trend in automation and
manufacturing emerges in the form of reconfigurable systems. The aim of this
paper is to show the development of a reconfigurable assembly system and
using virtual commissioning to plan, validate and optimize it. To achieve this
“DELMIA” software was used to create a virtual simulation environment to verify
an assembly cell from such a system as a case study. Simulations were
conducted to verify software functions, device movements and operations, and
the control software of the system. As a result, it was found that virtual
commissioning is an excellent tool for predicting how the system will function,
verifying system code early, and rectifying design flaws. This will enable
manufacturing companies to be more competitive, ensure increased
productivity, save time and ensure them an advantage over their competition.

Keywords: DELMIA, Digital Manufacturing, Reconfigurable Assembly
Systems, Virtual Commissioning

1. INTRODUCTION

By definition, virtual commissioning is the simulation of a virtual system within a
virtual environment without needing to develop a physical system beforehand.
By utilizing virtual commissioning, design flaws can be rectified early in the
design stage, space reservation can be allocated for the machinery used in the
system and controller software verified well in advance, before building the
physical system (Krause, 2007). Virtual commissioning also allows for easy
reconfiguration of an existing system, where process, software or hardware
changes can be made in the digital model of the system, then analysed to see
how these changes influence the system, and then based on the analysis results
the physical system can be modified, preventing costly downtime of the physical
system. Furthermore, in industry it enables manufacturers to streamline an
assembly line, where planning is done more efficiently and through-put can be
predicted due to the visualising of the assembly line (Papakostas et al., 2011). In
short, virtual commissioning is established when a virtual factory is controlled by
a physical programmable logic controller (PLC) to emulate the behaviour of the
physical system (Salamon and Heidari, 2012, Carlsson et al., 2012, Liu et al.,
2012, Hollander and Sappei, 2011).
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2. PRELIMANARY STEPS TO OBTAIN VIRTUAL COMMISSIONING

To obtain virtual commissioning, some preparations must be done ahead of time.
These preparations include that the user must acquire prior knowledge of the
simulation software environment under discussion, the devices to be validated
along with knowledge of their behaviour and kinematics must be known, and a
server (Carlsson et al., 2012) to communicate between the control logic and
these devices must be installed. Afterwards, the geometry used to represent
these devices must be designed, assembled into smart-devices and then
connected to the control logic to validate the system behaviour and control
software via an execution environment (Niemann, 2013).

Subsequently follows how geometry is obtained, how it fit together, how
behaviour is assigned to it, and finally how it is used to obtain virtual
commissioning and validating a system.

21 Product Hierarchy

Any geometry which consists of multiple parts, or other products, is known as a
product. A product is the root element of a hierarchy and contains multiple sub-
elements to represent the branches of the hierarchy tree. Fig. 1 shows clearly
that a collection of parts are grouped together to form an assembly. Here,
constraints and tasks can be allocated to the assembly, then be connected to
internal device logic to form a smart-device. In a similar way, multiple smart-
devices can be used together to form work cells and ultimately an entire system
(Park etal., 2006, Park, 2005).

2.2 Parts, Assemblies, Mechanisms and Tasks

As seen in the previous section, smart-devices consist of geometry and internal
logic (IL). The geometry of a smart-device consists of parts, assemblies and
mechanisms (joints). Parts are the most fundamental elements of any geometry,
and there are two methods of attaining them, downloading the parts from a
vendors' website and alternatively, parts can be
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Fig. 1: Hierarchy of a work cell

101



designed and created by using the suitable computer-aided design (CAD)
software (Salamon and Heidari, 2012). This hierarchy of a work cell is shown in
Fig. 1. In contrast, an assembly is a collection of parts, linked together by means
of specified constraints (see Fig. 2). These assemblies represent a mechanical
assortment, which contain at least one fixed part and various moving parts. An
example is a piston that is driven by a crank. Moreover, the steps taken to
construct these assemblies can better be explained by referring to Fig. 2. Firstly,
the parts are imported into the environment (shown at number 1 in Fig. 2). Next
the parts must be assigned constraints, which include alignment, orientation of
parts and surface contact constraints (shown at number 2 and 3 in Fig. 2). After
constraint allocation, the geometry can be updated, causing the parts to
rearrange into their intended positions (shown at number 4 in Fig. 2). In addition
to constraints, these assemblies can be allocated kinematical commands, by
specifying the physical limits, direction of movement, speed, and acceleration of
the assembly. This is known as creating a joint or mechanism.

Fig. 2: Assembly of parts

Additionally, these mechanisms can be given behaviour, by allocating tasks and
operations to it. To differentiate, an operation depicts the movement of a
mechanism or several mechanisms when executed, whereas a task executes a
series of consecutive operations and functions (like closing a gripper). To
allocate a task, the sequence of possible activities are identified and taught to the
mechanism. This entails that the mechanism is jogged or moved into place,
where after the set of coordinates are recorded in an operation table which will
perform the movements sequentially. This will give mechanisms the needed
behaviour to be used as smart-devices.

In a similar fashion to joint creation, different smart-devices can be assembled
together to form alarger, more complex assembly or system (Krause, 2007). Fig.
3 shows how separate smart-devices are first imported (shown at number 1),
then aligned into position (shown at number 2) and finally attached. These
attachments can be seen in the figure at number 3. The smart-devices are
attached in a parent-child manner (shown at number 3), which causes smart-
devices to move respective to others. The example in the figure shows that the Y-
axis (child) must move as if itis fastened to the slider of the X-axis (parent).
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Likewise, the cylinder (child) moves with the Y-axis (parent) and the gripper tool
(child) moves with the cylinder (parent) and so forth (Salamon and Heidari, 2012,
Niemann, 2013).

2.3 Control Logic

In order to control device geometry so that it imitates the behaviour of its physical
counterpart or cause several devices to cooperate with each other within a digital
factory, control logic must be developed. Fig. 4 shows that control elements or
logic can be separated into two types namely device logic and control logic,
where control logic divides into internal and external control logic.

Fig. 3: A completed smart-device
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Fig. 4: Device and control logic

Firstly, device logic also known as internal logic, assigns unique behaviour to the
devices or assemblies created as in the previous section to make it smart-
devices. The IL uses the inputs and outputs of each device to control the actions it
must perform, which gives each device a distinct behaviour (shown in Fig. 5).

On the contrary, control logic is a standalone supervisory control instance, which
can be used to control multiple smart-devices within a digital factory. To clarify,
internal control can be seen as a virtual PLC (running inside the environment)
connected to devices to emulate the behaviour of areal PLC.
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With external control on the other hand, the devices are connected to a real
system PLC via an OLE for Process Control (OPC) server. The latter is used to
validate system PLC code.

3. IMPLEMENTATION AND VALIDATION

The steps to obtain virtual commissioning can better be explained by referring to
Fig. 6. Firstly all the parts for the system must be obtained by either designing or
downloading them. Afterwards, the parts must be assembled into assemblies
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Fig. 5: Control block with internal logic

to build up the devices of the system. The devices can then be given behaviour
by defining constraints and allowable movements. At this stage the devices must
be verified for accurate mechanical operation by performing joint simulations.
Next, the internal logic for each device to be validated are developed and then
applied to it. This represents the intelligence of each device (internal code of
devices). After this step is complete, the geometry can be referred to as smart-
devices. Now all the smart-devices can be imported into the environment to
complete the entire system to be validated. At this stage the environment is set
up for virtual commissioning (Niemann, 2013, Cachapaetal., 2007).

To demonstrate how virtual commissioning can aid the validation of a system and
its PLC code, the validation procedure is divided into several tests. An optional
simulation can be done to verify the operation of the virtual system in the form of a
process plan simulation. Operational tasks are assigned to each smart-device to
emulate the overall process flow of the system (Bley and Franke, 2004). This
method does not validate any control or devices logic, only the functional
operation of the virtual system and is not handled in this paper. For test 1 a
simulation is set up to validate the virtual version of the system along with device
logic. This is done to predict how the virtual system will react to control code. This
testis only done to validate the behaviour of the virtual system (device operations
and internal logic).
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In test 2 the virtual system is connected to the physical system PLC via an OPC
server. Here simulations are repeatedly done until the operation of the virtual
system is satisfactory and thus the physical PLC code
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Fig. 6: Steps to virtual commissioning

is verified successfully. This is known as virtual commissioning. For the last test,
the physical system is connected to the verified PLC and operated. Now the
operation of the system can be compared to the predictions made through virtual
commissioning. This will evaluate if virtual commissioning successfully predicted
and validated the operation of the physical system (Kong et al., 2012, Lee and
Park, 2014, Hoffmann etal., 2010, Liu etal., 2012).

3.1 Setup Overview
To achieve this, the setup is as shown in Fig. 7. The virtual version of a device is

built and programmed with its behaviour, on a computer with the simulation
software environmentinstalled oniit.
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In addition, the simulation environment is connected to an OPC server, which is
installed and also runs on the same computer. Furthermore, the server connects
to the system PLC via an Ethernet connection, which enables the server to
access and communicate with the PLC. To complete the setup, the physical
version of the device is built and also connected directly to the main PLC, which
enables itto control it.

3.2 Execution Environment and Simulation

In order to set up the simulation, an execution environment must be created.
Firstly, the virtual device must be designed, assembled and imported into the
environment. Next, the virtual equipment is programmed with the behaviour of
the physical equipment. This will transform the virtual device into a smart-device.
In addition, joint simulations must repeatedly be done until the operations and
movements of the virtual device can imitate its real counterpart based on
input/output (10) signals from a PLC. After the virtual device is perfected, the PLC
code to control the system is developed on the actual system PLC. When the
PLC code is completed, it is necessary to establish a connection with the OPC
server. To achieve this, the IOs of the PLC must be mapped to the virtual device.
This can be seen in Fig. 8. Here the |0 signals of the PLC are mapped to the
virtual equipment exactly the way it should be physically wired to the real
equipment.
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When all the connections are made, the execution environment can be compiled
and checked for errors and signal strength. If no errors are present and the signal
quality of the OPC server is good, the environment can be simulated to validate
the PLC code and predict the movements of the system based on the instructions
from the PLC. At this stage the PLC code can be modified until the virtual system
delivers the desired intended operation of the system. If the virtual environment
functions flawlessly with the PLC code, the PLC can be connected directly to the
physical equipment. At this stage the validated PLC code runs and controls the
physical system in real-time. Now a comparison can be made between the
prediction made through virtual commissioning and the actual running system
(Niemann, 2013).

4. DISCUSSION

The simulations which were performed showed the desired outcome. The
simulation showed that the virtual device executed the operations and device
movements in accordance with the PLC program. By obtaining this result, the
PLC code is successfully validated. In addition, the simulations also provided a
method to easily develop, improve, and troubleshoot the system PLC code.

With the physical commissioning, it was found that the predictions made through
virtual commissioning, were successfully obtained. The only difference between
the virtual simulation and physical commissioning was the speed at which it
executed. This however can be rectified by changing the execution speed of the
simulation and make the simulation more realistic; this will result in more
accurate predictions and validation of the system.

5. CONCLUSION

The results obtained proved that virtual commissioning can be utilized to
expedite the planning, verifying and optimizing of a system without the risk of
damaging the real system equipment. It was possible to confirm the movements
and operations of a device as well as validating the system PLC code through
virtual commissioning in real-time. This shows that by using DELMIAto establish
virtual commissioning, proper initial planning can be performed, apparent design
faults can be resolved early in design stages, analysis can be done to validate
changes to a system, and determine if it is actually profitable to build a
system—thus build it right the first time or not at all.

To draw a conclusion, DELMIA provides a great tool for overall system
verification and will ensure that manufacturing companies can validate their
systems earlier, ramp-up production quicker and compete for global markets.

However, future considerations regarding virtual commissioning may include

suggestive or predictive action from the virtual environment where the
environment can propose solutions overlooked by a system analyst.
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Furthermore, features like automatically generating system code based on
virtually validated systems will also be a welcome addition to virtual
commissioning.
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