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When electrical and pneumatic sub-systems are separated, 
all the phases of building, even relatively simple systems, 
can take a great deal of time. This can result in delays and 

dissatisfied customers. Function integration can solve this.

Trend towards function integration

In machine building, the scale and the technical complexity of au-
tomated systems is constantly increasing. Electrical and pneumatic 
drive and control technology, decentralised intelligence and special 
safety and diagnostic functions, are mixed and combined with an 
ever higher level of customisation.

To solve this properly would require a degree of harmonisation 
that takes up even more time. The additional stress this can cause 
often unnecessarily damages relationships between colleagues. That 
is why integrated solutions that are more efficient are the answer. 
Small changes at the start of a project are often enough to simplify 
the processes for all other departments.

Specialised function integration and the knowledge needed 
to implement it are becoming more and more important. For the 
perfect combination of all the different technologies, both multi-
disciplinary approaches and flexibility are musts. These factors are 
key to increasing efficiency and productivity and milestones on the 
road to Industry 4.0.

Good project processes

Good project processes avoid interface conflicts and optimise the pro-
cesses. The project process for building a machine or system involves 
a wide range of departments, from design, purchasing, warehousing 
and assembly to commissioning. As global competition intensifies, 
the hours allocated to these tasks in the project budget are constantly 
reduced; this goes for designers, assembly technicians and commis-
sioners alike. In addition, increases in general costs sometimes need to 

be taken into account as the complexity of purchasing and accounting 
processes, or warehousing increases. These hidden costs drive up the 
prices of the machines and system, making acquisition more difficult.

New laws, such as EC Machinery Directive MRL 2006/42/EC and 
the associated standard EN ISO 13849-1 [1], also necessitate new, 
multi-disciplinary approaches, as proof is needed that all aspects 
of an emergency situation have been taken into account (eg safely 
preventing a movement using both electric and pneumatic parts, 
diagnostics, programming).

Short times to market and increased flexibility and customisation 
present extra challenges in addition to those upcoming trends, such 
as intelligent interpretation of information on surroundings, or energy 
efficiency. These requirements and trends can only be optimally im-
plemented when all the departments involved understand the entire 
system and adopt an holistic optimisation approach. Valve terminals 
with intelligent, integrated, electrical and pneumatic functions and 
safety modules help when thinking outside the box, instead of focus-
ing on sub-systems or individual components.

In keeping with the vision of a highly flexible, self-managing, pro-
ductive Industry 4.0 (or Integrated Industries) much more intelligent, 
interconnected processes and models with standardised networks are 
needed. Companies that are already basing their models on intelligent, 
modular platforms have an advantage, as they are already keeping all 
their options open for tomorrow and beyond. In addition, machine and 
plant engineers need to overcome their departmentalised approach eg 
with product and solution packages that provide all-in-one solutions.

Valve terminals with function integration and decentralised intel-
ligence support this multi-disciplinary approach, as they create syner-
gies between staff and between the various technologies, and also 
provide options for Industry 4.0. The following section and detailed 
example explain how this works.

Table 1 lists typical problems and conflicts in the everyday project 
work of machine and system builders, and thus paves the way for 
long-term process improvement.
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Process step Typical problems and conflicts

Mechanical and  
electrical design

•        Lack of communication between mechani-
cal and electrical engineers leads to weak 
or neglected function integration

•    Task-by-task approach leads to separate 
component orders. Potential synergy 
effects in ordering and the subsequent 
supply chain remain unexploited

•       Configuration, download and integration of 
many individual components into the CAD 
system takes a great deal of time

•    Different electrical configuration and pa-
rameterisation software for each individual 
component multiplies the required amount 
of supervision and engineering work 

•    Over-sized solutions due to accumulated 
performance and safety reserves

Legal safety  
requirements

•      Difficulties in calculating the performance 
level due to components from several 
manufacturers with different levels of 
detail in documentation

•        A large amount of coordination is required 
between departments and different suppli-
ers in order to achieve the legally required 
safety levels

Procurement •    Separate order processes for many indi-
vidual parts which results in additional 
work, eg certifying and entering details 
for new suppliers

•      Little influence on discount negotiations as 
many individual parts are purchased from 
several manufacturers

Incoming goods •    Significantly greater workload as all lo-
gistics processes need to be carried out 
separately for each component: checking 
goods, unpacking, order allocation, book-
ing into system, storage

Assembly •     On-the-spot improvisation required if any-
thing has been missed off the plan, eg if 
assembly boreholes have not been made

•    Increased workload when assembling 
components and performing wiring, due 
to lack of function integration

•     Waiting and inactive times due to missing 
partial component deliveries

•    Greater labeling workload due to lack of 
function integration, as more compressed 
air and electrical cables need to be installed

Commissioning  
and diagnostics

•    Tedious system and component configura-
tion due to use of different parameterisa-
tion software programs or missing soft-
ware modules

•    Unnecessary, time-consuming tasks for 
many stand-alone components, eg setting 
up multiple IO modules with their own 
bus systems

•       Diagnostics options become more difficult 
with non-harmonised components

Table 1: Typical problems and conflicts in the project process for machine and 
system builders.

Benefits of valve terminals

Valve terminals stand for a lighter workload and lower automation 
costs. Their mechanical, pneumatic and electric features are highly 
adaptive. The individual combination options for the different func-
tions on a terminal mean that the valve terminal can be precisely 
configured to suit the application. These holistic solutions reduce the 
efforts required during procurement, receiving and checking of goods 
to a minimum. Assembly, configuration and commissioning are made 
easier. Maintenance and service become less time-consuming. Error 
rates can be reduced using pre-assembled and inspected units. Valve 
terminals verifiably reduce installation times by up to 60%.

Valve terminal with function integration

The valve terminal in Figure 1 is used in part of an automation system 
for manufacturing fuel cells.

It controls and regulates various clamping and transfer cylinders, 
the knuckle-joint press, the suction unit for the punch grid and two 
compressed air motors. The design engineer worked with an electrical 
engineer to define the necessary functions for the valve terminal and 

Industry 1.0 - based on the introduction of mechanical 
production equipment driven by water and steam power.
Industry 2.0 - based on mass production achieved by division 
of labour and the use of electrical energy.
Industry 3.0 - based on the use of electronics and IT to further 
automate production.
Industry 4.0 - began as a German government initiative to spur 
the industrial sector, which is very important to the German 
economy. It is based on the use of cyber-physical systems.

AIDA –  Automation Initiative of German Domestic Automobile 
manufacturers (founding companies Audi, BMW, Daimler, 
Porsche and VW)

CAD –  Computer-Aided Design
*CPX –  Compact Performance X (automation platform which can be 

combined with the valve terminals MPA and VTSA)
IT –  Information Technology
*MPA –  Modular Performance Adapter plate valve terminal
PLe –  Performance Level e
PLM:  Product Lifecycle Management 
*VTSA – Valve Terminal Standard A-Series
*Festo terms
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integrated all the requirements for safety, for the pneumatic and the 
electrical system with the help of his technical adviser.

Figure 1: Valve terminal with function integration.

The following functions were previously implemented separately, 
but all have been integrated into the valve terminal:

[1] One fieldbus interface
Bus systems offer advantages as they require less time for wiring, 
commissioning and troubleshooting. The AIDA push-pull interface 
for fibre-optic cables supports this and provides greater safety dur-
ing data transmission as static charges and discharges cannot affect 
the fibre-optic cable.

[2] One sensor input module
Since the signals of the nearby proximity sensors are processed 
directly, there is no need to order or wire a separate sensor or actua-
tor box. Troubleshooting is made easier by this module’s diagnostic 
options. This simplifies the ordering process and streamlines all the 
subsequent processes.

[3] One electronic safety component
When changing materials or the punch blade, or starting the unit 
up again after these procedures, it is sometimes necessary to open 
up the machine. This is subject to PLe. PLe is attained through the 
integration and combination of PROFIsafe shut-off module with a 
press safety control unit. The advantage for design and electrical 
engineers is the simplicity of defining the performance level, as all the 
individual components come from a single source and are all checked 
and certified. Moreover, a second PROFIsafe output can be used to 
control a soft-start or quick exhaust valve. This further increases the 
safety level of the remaining valve functions.

[4] One soft-start, quick exhaustive valve
In order to minimise the risk of damage or accidents caused by an 
unspecified stop (emergency stop), it is important for the cylinder to 
move to its home position slowly and in a controlled manner. This 
is achieved using a soft-start, quick exhaustive valve with maximum 

venting capacity to ensure that the machine stops as quickly as pos-
sible in case of an emergency.

[5] One 5/2-way valve with a pressure regulator, pressure 
gauge and exhaust air flow control
This clamps and tensions the membrane during cutting. Six indi-
vidual components are rolled into just one for the design engineer 
to install. This also saves making additional assembly boreholes on 
the machine (and in CAD).

[6] 2x 3/2-way valves with pressure shut-off plate
These valves are required to switch two compressed air motors that 
move the punch grid forward and keep it clamped in place. Since the 
compressed air motors are switched on and off very often, a high 
level of wear is to be expected, causing the valves to fail. With the 
pressure shut-off plate it is no longer necessary to depressurise the 
whole system when changing the valve. The advantage of this is that 
the clamping cylinders are kept in position, and the dancer tension 
upstream of the punch is maintained during the valve change. This 
avoids unnecessary consumption of expensive membrane materials 
when stopping and restarting the machine.

• Protection class IP65

The punching procedure generates fine particles that contaminate the 
system and impair its reliability. As such, it is best to choose a valve 
terminal like the metal version of the VTSA with electrical terminal 
CPX. This fulfils the requirements of protection class IP65/67 and has 
extra dust protection.

Total cost of ownership calculation 
A saving of 825 minutes

The high level of function integration in Figure 1 saves almost 14 hours 
over the course of the entire project. As the valve terminal is processed 
as one part with only one part number, it can be configured quickly, 
using a standardised method. This helps to reduce hidden costs.
The design engineer can configure all the components in the valve 
terminal module quickly and easily, assisted, as and when needed, 
by the manufacturer’s technical support team. He can download the 
generated model and the corresponding ‘pdf’ parts list in just a few 
minutes, and integrate them into the module with a few quick CAD 
steps. The total time required for this solution is approximately 30 
minutes. Without a solution approach that integrates functions from 
the three fields of pneumatics, electrics and safety, it would take much 
longer as each component would have to be processed individually. It 
would mean individually processing 28 components and integrating 
them into the CAD system: press safety unit, soft-start quick exhaust 
valve, 15 different individual components for functional display and 
13 additional components such as push-in fittings, mounting brackets, 
silencers and valve connectors. Performing the myriad of individual 
steps searching and configuring, downloading, creating a port pat-
tern, integrating the CAD model into the CAD module, creating and 
releasing the CAD model in the PLM system and attaching the neces-
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sary documentation for each component, vastly increases the design 

engineer’s workload. The potential saving for these steps is over 

460 minutes. Another 70 minutes can be saved using an automated 

pneumatic circuit diagram generator such as FluidDraw, and by the 

simpler electrical circuit diagram generation via the fieldbus. The total 

engineering time can be reduced by 530 minutes.

Purchasing and warehouse departments save time thanks to the 

material numbers being reduced from 28 to one. This is because 

process steps such as ordering, accounting, receiving and checking 

goods, system bookings and putting goods in storage only need to 

be performed once for the valve solution.

The start-up engineer can reduce the assembly time for the mechani-

cal and electrical aspects of a valve terminal solution compared to 

that for individual assembly. 

Ninety minutes can be saved on assembly compared to an indi-

vidual component solution. Due to the variety of components that 

need electrical and pneumatic connections, the individual wiring also 

requires much more time.

The commissioning engineer saves 10 minutes of working time thanks 

to faster error diagnostics based on an error rate of 3% and a higher 

diagnostics workload of five minutes per error.

Function or  
process step

Valve terminal
with function

integration
(minutes)

Individual
component

solution
(minutes)

Time saved
(minutes)

Engineering  
(CAD etc)

60 530 470

Purchasing and 
logistics

10 180 170

Assembly and  
commissioning

15 190 175

Troubleshooting - 10 10

Total 85 910 825
(approximately

14 hours)

Table 2: Comparison of time required with and without function integration.

Conclusion

In practice, the time saved may differ as it is dependent on a number 
of individual factors from the technicians’ experience and speed to 
the complexity of the system. In spite of this, the use of valve termi-
nals is worthwhile in almost every case as the time savings greatly 
outweigh the extra cost of the valve terminals. Just as important is 
the more reliable operation guaranteed by the reduced number of 
errors during operation, maintenance, assembly and repair work as 
a result of a much clearer and simpler structure.
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‘In the world of ‘Industry 4.0’, machines will understand their 
environment and communicate with one another using the Inter-
net Protocol. The big advantage of Industry 4.0 is that it can be 
implemented gradually. With cyber-physical systems, you can 
convert a factory while it is in operation. This involves integrating 
sensors as required, fitting system components with miniature 
servers and replacing the bus system. This means that you can 
start with individual machines and then convert the entire plant. 
The much talked about “fourth industrial revolution” is actu-
ally machine evolution. The first factories of the new industrial 
evolution are set to begin operation in 2017 (Factory 4.0).There 
is no Factory 4.0 yet in commercial operation, but research and 
industry partners are working hard to make it a reality.’
Prof Dr Dr hc mult Wolfgang Wahlster (one of the world’s lead-
ing experts in artificial intelligence) [1].
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